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Enteroaggregative Escherichia coli (EAEC) infections are one of the most frequent
causes of persistent diarrhea in children, immunocompromised patients and travelers
worldwide. The most prominent colonization factors of EAEC are aggregative adherence
fimbriae (AAF). EAEC prototypical strain 042 harbors the AAF/Il fimbriae variant, which
mediates adhesion to intestinal epithelial cells and participates in the induction of an
inflammatory response against this pathogen. However, the mechanism and the cell
receptors implicated in eliciting this response have not been fully characterized. Since
previous reports have shown that TLR4 recognize fimbriae from different pathogens, we
evaluated the role of this receptor in the response elicited against EAEC by intestinal
cells. Using a mutual antagonist against TLR2 and TLR4 (OxPAPC), we observed
that blocking of these receptors significantly reduces the secretion of the inflammatory
marker IL-8 in response to EAEC and AAF/II fimbrial extract in HT-29 cells. Using a
TLR4-specific antagonist (TAK-242), we observed that the secretion of this cytokine
was significantly reduced in HT-29 cells infected with EAEC or incubated with AAF/II
fimbrial extract. We evaluated the participation of AAF/Il fimbriae in the TLR4-mediated
secretion of 38 cytokines, chemokines, and growth factors involved in inflammation. A
reduction in the secretion of IL-8, GRO, and IL-4 was observed. Our results suggest
that TLR4 participates in the secretion of several inflammation biomarkers in response to
AAF/II fimbriae.

Keywords: enteroaggregative E. coli, Aggregative adherence fimbriae, inflammation, toll-like receptors,
interleukin-8

INTRODUCTION

Enteroaggregative Escherichia coli (EAEC) strains form a heterogeneous group of enteric pathogens
that has been associated with both acute and persistent diarrhea in children, immunocompromised
patients, and travelers worldwide (Huang et al., 2006; Hebbelstrup et al., 2014).

The infective cycle of EAEC begins with bacterial adhesion to the intestinal epithelium,
followed by enterotoxin and cytotoxin secretion and the induction of an inflammatory response
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(Estrada-Garcia and Navarro-Garcia, 2012). EAEC strains can
be divided into typical and atypical strains depending on the
presence or absence of the plasmid-encoded virulence regulator
AggR. This master regulator controls the expression of several
chromosome- and plasmid-encoded genes, including aggregative
adherence fimbriae (AAFs), a key colonization factor in EAEC
pathogenesis (Harrington et al., 2006; Morin et al., 2013). To
date, five variants of AAF have been described: AAF/I, AAF/II,
AAF/III, AAF/TV, and AAF/V (Nataro et al., 1992; Czeczulin
et al., 1997; Bernier et al., 2002; Boisen et al., 2008).

Prototype EAEC strain 042 harbors the AAF/II variant, which
has been shown to mediate adhesion to cytokeratin-8 and
several extracellular matrix proteins such as collagen, laminin
and fibronectin (Farfan et al.,, 2008; Izquierdo et al., 2014a,b).
Additionally, AAF/II fimbriae have been shown to contribute to
the inflammatory response elicited by EAEC in colonic epithelial
cells (Harrington et al., 2005; Boll et al., 2012) and the migration
of neutrophils across the epithelium mediated by MUCI mucin
(Boll et al., 2017). However, the molecular mechanism involved
in the inflammatory response to these fimbriae and the receptors
associated with this process are unknown.

Toll-like receptors (TLRs) are a family of transmembrane
immune receptors that trigger an inflammatory activation in
response to pathogen-associated molecular patterns (PAMPs)
(Lee et al., 2004; Takeda and Akira, 2004). Currently, ten TLRs
have been described, of which agonists for nine of them have been
determined. Fimbriae recognition by TLRs has been described
previously. TLR2 is involved in the recognition of fimbriae from
Porphyromonas gingivalis and the curli from Salmonella enterica;
TLR4 recognizes types I and P fimbriae from uropathogenic E.
coli (Asai et al., 2001; Tukel et al., 2005; Sirard et al., 2006; Davey
et al., 2008; Mossman et al., 2008).

Given the above, we aimed to evaluate the participation
of TLR4 in the inflammatory response induced by AAF/II
of EAEC strain 042. Our results implicate TLR4 in the
inflammatory response induced by AAF/II fimbriae on intestinal
epithelial cells.

MATERIALS AND METHODS

Bacterial Strains

Prototype EAEC strain 042 (O44:H18) was originally isolated
from a child with diarrhea in Lima, Peru. Strain 042AfliC is
an aflagellar mutant that harbors the suicide plasmid pJP5603
inserted into the fliC gene (Steiner et al., 2000). Bacteria
were grown overnight under static conditions in Luria-Bertani
(LB) broth and then subcultured in DMEM-HG (Gibco, Life
Technologies) for expression of the virulent phenotype.

Cell Lines

T84 cells (ATCC CCL-248) were routinely maintained in
DMEM EF-12 supplemented with 10% fetal bovine serum (FBS),
streptomycin (10 ug/mL) and penicillin (10 U/mL) at 37°C
under 5% CO,. HT-29 cells (ATCC HTB-38) were maintained
in McCoy’s 5A medium with 10% FBS, streptomycin (10 jLg/mL)
and penicillin (10 U/mL) at 37°C under 5% CO,.

Fimbriae Extraction

AAF/1I fimbriae from EAEC strains were purified as previously
described (Izquierdo et al., 2014a). Briefly, EAEC strain
042AfliC was grown in 1L DMEM/HG medium (Gibco, Life
Technologies) at 37°C with shaking until an ODggo of 1.0.
Bacteria were collected by centrifugation at 4,000 x g for
25min and resuspended in 10mL of 0.5mM Tris 75mM
NaCl solution. The bacterial suspension was then heated
for 30 min at 65°C and centrifuged at 6,000 x g for 10 min.
Supernatants were recovered and centrifuged at 21,000 x g
for 30 min to remove the remaining debris. Next, ammonium
sulfate (Sigma) was added to the supernatants until 60%
saturation, and proteins were precipitated overnight at 4°C
with stirring. Ammonium sulfate precipitates were recovered
by centrifugation at 21,000 x g for 30 min and pellets were
resuspended in 10 mL of 50 mM Tris, 10 mM NaCl. The extract
was dialyzed twice in PBS (for 3h and then overnight) at
4°C with stirring. Finally, the extract was filtered through a
0.2puM filter (Amicon Ultra-15, Millipore), resuspended in
PBS and stored at —20°C. The presence of AAF/II fimbriae
was confirmed by SDS-PAGE. In order to remove contaminant
endotoxins, the extract was subjected to 3 cycles of a triton X-114
treatment as previously reported (Teodorowicz et al, 2017).
LPS endotoxin was detected using a Pierce Limulus amebocyte
lysate (LAL) chromogenic endotoxin quantification kit (Thermo
Scientific) according to the manufacturer’s instructions.
Extracted fimbrial endotoxin content was below detection
level (0.125 EU/mL).

Proteinase K Treatment

AAF/II fimbrial extract was incubated at 70°C for 10 min with
20 pg/mL Proteinase K (Qiagen) unless otherwise specified. In
order to inactivate the enzyme, an EDTA-free protease inhibitor
cocktail 100X (Thermo Scientific) was added to the extract and
incubated for 15min at 95°C. Proteinase K inactivation was
corroborated by incubation of active and inactivated Proteinase
K with BSA, followed by SDS-PAGE to evaluate protein integrity.

Cell Assays

HT-29 and T84 cells were grown in 48-well plates (Corning). For
agonist experiments, epithelial cells were incubated for 3 h with
AAF/II fimbrial extract or 100 ng/mL TLR2 and TLR4 agonists
BLP (InvivoGen) and LPS (E. coli O55:B5, Sigma), respectively.
Then, the cells were washed and incubated for 3 h at 37°C under
5% CO,. Supernatants were collected for measuring Interleukin-
8 (IL-8) levels. For EAEC infections, cells were incubated for
30 min, respectively with McCoy’s or DMEM- F12 medium in
the presence or absence of TLR2 and TLR4 antagonist OxPAPC
(InvivoGen) or TLR4 antagonist TAK-242 (Merck), as instructed
by the manufacturer. The cells were washed and incubated in
medium supplemented with gentamicin (50 Lg/mL) at 37°C
under 5% CO; for 3h. Supernatants were then collected to
measure inflammatory biomarkers.

Inflammatory Markers Quantification
IL-8 levels were measured by ELISA as previously reported
(Harrington et al., 2005). To quantify 38 cytokines, chemokines,
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and growth factors we used a HCYTOMAG-60K (Merck)
multiplex assay kit. Supernatants from the cell were
processed in a Luminex 200 instrument according to the
manufacturer’s instructions.

Statistical Analysis

Experiments were performed in triplicate, and the results
are expressed as the mean =+ standard deviation. Statistical
comparisons between groups were performed using an
ANOVA, followed by Tukey’s test; a P-value of < 0.05 was
considered statistically significant. For the Luminex assay,
analytes were selected as detectable using Students ¢-test
with a P-value < 0.05 and a 2-fold change compared to
uninfected cells. The analysis was conducted using the GraphPad
Prism 6 software.

RESULTS

Blocking of TLR4 Reduces Induction of
IL-8 Secretion in HT-29 Cells Infected With
EAEC

In order to study the participation of TLR4 in IL-8 secretion
as a response to EAEC, we determined an adequate intestinal
epithelial cell line as our study model. T84 and HT-29 cells
were incubated with TLR2 (LBP) and TLR4 (LPS) agonists, and
we found that both agonists induce IL-8 secretion in HT-29
cells, but not in T84 cells (Figure 1A). A mutual antagonist
of TLR2 and TLR4 (OxPAPC) consistently reduced IL-8 levels
in response to EAEC strain 042 in HT-29 cells, but had
no effect on T84 cells (Figure 1B). Given these results, we
used HT-29 cells and a TLR4 specific antagonist (TAK-242)
to evaluate the role of TLR4 in EAEC infection. In HT-29
cells treated with TAK-242 and infected with EAEC strain
042, we found that IL-8 levels were similar to those observed
when the cells were infected in the presence of the antagonist
OxPAPC (Figure 2).

AAF/Il Fimbriae Induce IL-8 Secretion in
HT-29 Cells Via TLR4

We obtained an extract enriched in AAF/II fimbriae in order
to evaluate the role of this colonization factor in the induction
of IL-8 secretion in HT-29 cells. We found that incubation
with the fimbrial extract induces IL-8 secretion in a dose-
dependent manner, reaching a maximum of IL-8 secretion at
5pg/ml (Supplementary Figure 1). Induction of IL-8 secretion
by AAF/II fimbriae was reduced in the presence of the antagonist
OxPAPC and TAK-242, suggesting that TLR4 participates in the
response elicited by AAF/II (Figure 3). In addition, we subjected
the extract to proteinase K treatment to assess the participation
of proteins in the induction of IL-8 secretion. We observed
that induction of IL-8 secretion was significantly reduced in the
fimbrial extract treated with Proteinase K in a dose-dependent
manner (Supplementary Figure 2).
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FIGURE 1 | Effect of TLR2 and TLR4 agonists and antagonists on IL-8
secretion in intestinal epithelial cell lines. T84 and HT-29 cells were (A)
incubated for 3 h with TLR2 and TLR4 agonists LBP and LPS, respectively, or
(B) infected with EAEC strain 042 in the presence or absence of the TLR2 and
TLR4 antagonist OxPAPC. IL-8 secretion was measured by ELISA. (), vehicle
control. Experiments were performed in triplicate. The bars represent the mean
of three experiments + S.D. *Significantly different (o < 0.05).

TLR4 Participates in the Global
Inflammatory Response Induced by AAF/II
Fimbriae on Intestinal Epithelial Cells

First, we quantified 38 cytokines, chemokines and growth factors
related to inflammation in cells infected with EAEC 042 and
cells incubated with AAF/II fimbriae (Table 1). EAEC strain 042
induce the secretion of granulocyte colony-stimulating factor
(G-CSF), granulocyte-monocyte colony stimulating factor (GM-
CSF), growth-regulated oncogene (GRO), monocyte chemotactic
protein-3 (MCP3), macrophage-derived chemokine (MDC), IL-
4, IL-8, interferon gamma-induced protein 10 (IP-10) and tumor
necrosis factor (TNF)-a. Of these detectable markers only GRO,
IL-4 and IL-8 were induced by the AAF/II fimbriae. All these
markers were significantly reduced when cells were treated with
the AAF/II fimbriae and TAK-242 compared to cells treated with
the AAF/II fimbriae alone (Figure 4).
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FIGURE 2 | Blocking TLR4 reduces IL-8 secretion in HT-29 cells infected with
EAEC strain 042. HT-29 cells were infected with EAEC strain 042 in the
presence or absence of the TLR2 and TLR4 antagonist OxPAPC (30 g/mL) or
the TLR4 antagonist TAK-242 (50 ng/mL). IL-8 secretion was measured by
ELISA. (), vehicle control. Experiments were performed in triplicate. The bars
represent the mean of three experiments + S.D. *Signiﬁcantly different (p

< 0.05).
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FIGURE 3 | AAF/Il extract induces IL-8 secretion via TLR4. HT-29 cells were
incubated with an AAF/Il extract in the presence or absence of the TLR2 and
TLR4 antagonist OxPAPC (30 wg/mL) or the TLR4 antagonist TAK-242

(50 ng/mL). IL-8 secretion was measured by ELISA. (-), vehicle control.
Experiments were performed in triplicate. The bars represent the mean of
three experiments + S.D. *Significantly different (o < 0.05).

DISCUSSION

EAEC infections are a public health problem worldwide, since
they cause persistent and acute diarrhea in both industrialized
and developing countries (Huang et al., 2007; Hebbelstrup

TABLE 1 | Detectable and non-detectable cytokines, chemokines, and growth
factors determined using a 38-multiplex assay in HT-29 cells infected with EAEC
042 or incubated with AAF/Il extract.

EAEC 042

AAF/Il fimbriae

Detectable cytokines,
chemokines and
growth factors

G-CSF, GM-CSF, GRO,
MCP-3, MDC, IL-4,
IL-8, IP-10, TNF-a

GRO, IL-4, IL-8

Non-detectable
cytokines, chemokines
and growth factors

EGF, FGF-2, Eotaxin,
TGF-a, FIt-3L,
Fractalkine, IFN-a2,
IFN-y, IL-10, IL-12p40,
IL-12p70, IL-13, IL-15,
sCD40L, IL-17A,
IL-1RA, IL-1a, IL-9,
IL-1g, IL-2, IL-3, IL-5,
IL-6, MCP-1, MIP-1q,
IL-7, MIP-1B, TNF-B,
VEGF

EGF, FGF-2, Eotaxin,
TGF-a, G-CSF, FIt-3L,
GM-CSF, Fractalkine,
IFN-a2, IFN-y, IL-10,
MCP-3, IL-12p40,
MDC, IL-12p70, IL-13,
IL-15, sCD40L, IL-17A,
IL-1RA, IL-1a, IL-9,
IL-1B, IL-2, IL-3, IL-5,
IL-6, IP-10, MCP-1,
MIP-1a, IL-7, MIP-1B,

TNF-a, TNF-g, VEGF

et al, 2014). Infections with this pathogen share some
distinct hallmarks, such as persistent diarrhea and intestinal
inflammation (Huang and Dupont, 2004; Boll et al., 2012). EAEC
infection has also been associated with growth impairment in
children, regardless of the presence of diarrhea (Guerrant et al.,
2008). Growth impairment, along with other factors, has been
linked to the inflammatory response that is triggered in response
to this pathogen. This inflammatory response is characterized
by increased levels of fecal lactoferrin and cytokines such as IL-
18 and IL-8 (Steiner et al., 2000; Greenberg et al., 2002). Using
epithelial cell models, EAEC infection induces the secretion of
several inflammatory markers, with IL-8 being a key marker of
the EAEC-induce inflammation in epithelial cells (Harrington
et al., 2005; Cennimo et al., 2009; Sanchez-Villamil et al.,
2016). However, neither the bacterial nor the intestinal factors
implicated in the orchestration of the inflammatory response due
to EAEC have been fully clarified.

Toll-like receptors are a family of immune activators that
recognize PAMPs from different pathogens. Two members of this
family, TLR2 and TLR4, have been implicated in the recognition
of fimbriae from various pathogens, while TLR5 recognizes
flagellin. Once activated, these receptors induce intracellular
signaling cascades that culminate in NF-kB activation and the
secretion of proinflammatory cytokines (Hug et al., 2018). In this
work, we found evidence suggesting that TLR4 participates in the
inflammatory response developed against EAEC.

Reports of TLR2 and TLR4 expression and their response to
agonists in intestinal epithelial cell lines are controversial (Abreu
etal., 2001; Abreu, 2003; Melmed et al., 2003; Uehara et al., 2007).
We selected intestinal epithelial cell lines T84 and HT-29 to test
as our study models. T84 is the model most frequently employed
when studying EAEC infection, and it has been reported that HT-
29 cells secrete IL-8 in the presence of TLR2 and TLR4 agonists
(Uehara et al., 2007; Strauman et al., 2010). We found that TLR2
and TLR4 agonists LBP and LPS induce IL-8 secretion in HT-
29 cells, but not in T84 cells (Figure 1A). These observations are
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FIGURE 4 | AAF/Il fimbriae induce secretion of cytokines and chemokines. HT-29 cells were stimulated with AAF/II fimbriae extract 5 wg/mL for 3h in the presence or
absence of TLR4 antagonist TAK-242, followed by 3 h without stimuli. Media were collected and cytokines, chemokines and growth factors were measured through a
multiplex Luminex™ assay. (A) Heat map of 38 analytes measured. (B-D) Three analytes with higher induction by AAF/II. (=), vehicle control. Experiments were
performed in triplicate. The bars represent the mean of three experiments + S.D. *Significantly different (p < 0.05).

in agreement with previous reports (Schuerer-Maly et al., 1994)
and may be explained by the nature of the intestinal epithelial
cell lines tested here, as the intestinal epithelium presents a
differentiation gradient, and it has been shown that HT-29
cells are similar to the undifferentiated bottom of intestinal
crypt cells (Rousset, 1986), which is where TLR2 and TLR4
are expressed. In contrast, T84 cells resemble a more luminal
differentiated state, where these receptors have a lower presence
(Furrie et al., 2005).

OxPAPC is a mixture of the phospholipid PAPC subjected
to oxidation and it specifically inhibits TLR2 and TLR4 by
competing with co-receptors required for activation, such as
CD14, LBP and MD2 (Erridge et al,, 2008). We found that
incubation with the mutual antagonist OxPAPC decreased
IL-8 levels in response to EAEC strain 042 in HT-29 cells

compared to cells infected in absence of OxPAPC (Figure 1B).
To elucidate the individual contribution of TLR2 and TLR4, HT-
29 cells were infected with EAEC strain 042 in the presence
of the TLR4 specific antagonist TAK-242. We observed that
TAK-242 presence decreases IL-8 secretion, as observed when
cells were infected in the presence of OxPAPC (Figure 2),
implicating TLR4 in the inflammatory response against EAEC
strain 042. It is important to note that IL-8 secretion was
not completely eliminated in the presence of OxPAPC and
TAK-242, a situation that might be explained by the action
of another bacterial surface protein, such as flagellin, which
has been shown to induce IL-8 secretion through TLR5
(Khan et al., 2004).

The most distinctive colonization factor of EAEC strain 042 is
the AAF/II fimbria, which participates throughout the infection
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cycle of this bacterium. This fimbria enhances adhesion to the
intestinal epithelium by interacting with multiple extracellular
matrix proteins, such as laminin, collagen, cytokeratin-8 and
fibronectin (Farfan et al, 2008; Izquierdo et al., 2014b).
Previously, we reported that the mechanism of fibronectin-
mediated EAEC strain 042 adhesion occurs by binding to
integrin o581, thereby bridging the bacterial fimbria to a
transmembrane protein (Izquierdo et al., 2014a). Likewise,
AAF/II has been implicated in biofilm formation and induces
IL-8 secretion and PMN infiltration in intestinal epithelial cell
cultures and in human intestinal xenografts in vivo, a process
mediated by epithelial transmembrane mucin MUCI1 (Boll et al.,
2017). We hypothesized that AAF/II could be a novel TLR4
agonist that induces IL-8 secretion in HT-29 cells. To test
this hypothesis, we obtained an AAF/II-enriched extract from
an EAEC fliC mutant to discard the effect of flagella and
the TLR5 receptor. We determined that cells incubated with
this extract have increased levels of IL-8 that can be blocked
in the presence of OxPAPC and TAK-242 (Figure 3). These
results position AAF/II as a TLR4 agonist. Nonetheless, the
AAF/1I-enriched extracts may contain traces of endotoxin, which
could account for the induction of IL-8 secretion as described
in Porphyromonas gingivalis fimbriae (Nozoe et al., 2017). To
avoid this, we subjected the fimbrial extract to two different
treatments to remove traces of LPS below the detection limit.
On the other hand, we determined that cells incubated with
the fimbrial extract treated with Proteinase K had lower IL-8
levels than cells incubated with the AAF/II extract and that IL-
8 levels decreased in a Proteinase K dose-dependent manner
(Supplementary Figure 2). Together, our results implicate both
AAF/II and TLR4 as contributors in IL-8 secretion in response to
EAEC strain 042.

Intestinal inflammation is a major hallmark of EAEC
infection, characterized by high levels of secreted IL-8. IL-8 plays
a pivotal role in the intestinal inflammation and recruitment of
neutrophils during enteric infection by several enteropathogens,
including EAEC. In addition to IL-8, several proinflammatory
markers have been associated with EAEC infection (Harrington
et al, 2005). In this work, we quantified 38 cytokines,
chemokines, and growth factors related to inflammation. Several
markers were found significantly present in cells infected with
EAEC strain 042 compared to uninfected cells, some of them
in agreement with previous reports (Cennimo et al., 2009).
In addition to IL-8, we found that GRO and IL-4 were also
present in cells incubated with the AAF/II fimbriae. All these
markers decreased significantly when cells were treated with
AAF/II in the presence of TLR4 antagonist (Figure 4). GRO
is a chemokine involved in the recruitment of neutrophils
in several bacterial and non-bacterial infections including H.
pylori (Tran et al, 2017), E. coli (Lee et al., 2018), B. cereus
(Coburn et al., 2018), rhinovirus (Jamieson et al., 2019) and
Leishmania (Ronet et al., 2018). Moreover, it has been shown
to be associated with neutrophil recruitment mediated by the
Th17 response (Fujie et al., 2012). In TLR4~/~ knockout mice,
gene expression of the GRO encoding gene was significantly
reduced after infection with B. cereus (Coburn et al., 2018),
supporting the role of TLR4 receptor in the expression of

GRO in response to bacterial infections. For EAEC, GRO gene
expression was induced on intestinal epithelial cells as part of
the inflammatory response against this pathogen (Harrington
et al., 2005; Prata et al., 2018). Overall, our data support both
the involvement of GRO in the immune response to EAEC
by epithelial cells and the participation of TLR4 receptor in
this response.

IL-4 is one of the main cytokines released during Th2 cell
responses, and it is known to stimulate B-cell proliferation,
IgG and IgE production, mast cell proliferation (Lundgren
et al, 1989; Turner et al., 2014; McLeod et al., 2015) and
mucin production from epithelial cells (Iwashita et al., 2003),
among other effects required for a fine immune response against
pathogens. Although IL-4 has been shown to reduce bacterial
clearance in acute infection (Song et al., 2015); it is necessary
for correct tissue repair (Salmon-Ehr et al., 2000), making it an
important cytokine after bacterial clearance. Given our results,
EAEC infection (and AAF/II fimbriae stimuli) on epithelial
cells might promote the immune response to shift toward a
Thl response, although Th2 and anti-inflammatory response
might also be present by IL-4 induction, as has been shown
to occur in other immune cell models where pro- and anti-
inflammatory cytokines are induced by the same pathogen
(Kamada et al., 2008; Kitani et al., 2014). It is important to
note that the presence of this cytokine in response to EAEC
infection was evaluated previously, but it was not detected in
the supernatant of infected cells (Cennimo et al, 2009). A
possible explanation for these results might be associated with
the cell lines tested (HCT-8). Considering the importance of IL-
4 in the inflammatory process by pathogens, the role of these
cytokines in the context of the EAEC pathogenesis requires
further investigation.

Our study has limitations. We tested two intestinal epithelial
cell lines, T84 and HT-29, and only HT-29 cells respond to TLR4
agonist. Although HT-29 cells have been extensively used to
study EAEC pathogenesis as well as other enteropathogens, the
observations described here require further validation through
other in vitro models of infection. Unfortunately, there is no
a reproducible and reliable animal model to fully characterize
the immunological response to EAEC in the intestinal mucosa
(Philipson et al., 2013), but the development of an organotypic
culture system might help to corroborate our findings.

Our work provides new insights into the inflammatory
response elicited by EAEC strain 042. Our results implicate TLR4
in the induction of IL-8 secretion in response to EAEC strain 042
in intestinal epithelial cells and suggest that AAF/II is one of the
factors mediating this response.

AUTHOR CONTRIBUTIONS

AA participated in the design of the study, fimbrial extraction,
infection assay, IL-8 measurement, samples processing, data
analysis and writing of the manuscript. MO-M carried out
the infection assay, Luminex measurement, IL-8 measurement,
sample processing, data analysis and writing of the manuscript.
EM carried out the fimbrial extraction and infection assay.

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

May 2019 | Volume 9 | Article 143


https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

Alvestegui et al.

TLR4 and EAEC-Induced Inflammation

RS carried out the fimbrial extraction. JN participated in
the manuscript writing and final approval of the manuscript.
FR-P participated in the manuscript writing and final approval
of the manuscript. MF participated in the design of the
study, data analysis, manuscript writing and final approval
of the manuscript. All authors read and approved the
final manuscript.

FUNDING

This work was supported by FONDECYT grants 1120809 and
1160426 to MF. Work in the Nataro lab was supported by grant
AI-033096 from the National Institutes of Health to JN. This
work was part of a master’s thesis funded by the National Master’s
scholarship awarded by CONICYT to AA. Travel expenses were
funded with the Aid for short research stays for doctoral and
master’s students of the University of Chile awarded by the

REFERENCES

Abreu, M. T. (2003). Immunologic
in gut epithelium. Curr.  Opin.
doi: 10.1097/00001574-200311000-00008

Abreu, M. T., Vora, P., Faure, E., Thomas, L. S., Arnold, E., Arditi, M., et al.
(2001). Decreased expression of toll-like receptor-4 and MD-2 correlates
with intestinal epithelial cell protection against dysregulated proinflammatory
gene expression in response to bacterial lipopolysaccharide. J. Immunol. 167,
1609-1616. doi: 10.4049/jimmunol.167.3.1609

Asai, Y., Ohyama, Y., Gen, K., and Ogawa, T. (2001). Bacterial fimbriae and their
peptides activate human gingival epithelial cells through Toll-like receptor 2.
Infect. Immun. 69, 7387-7395. doi: 10.1128/IA1.69.12.7387-7395.2001

Bernier, C., Gounon, P., and Le Bouguenec, C. (2002). Identification of
an aggregative adhesion fimbria (AAF) type Ill-encoding operon in
enteroaggregative Escherichia coli as a sensitive probe for detecting
the AAF-encoding operon family. Infect. Immun. 70, 4302-4311.
doi: 10.1128/1A1.70.8.4302-4311.2002

Boisen, N., Struve, C., Scheutz, F., Krogfelt, K. A., and Nataro, J. (2008).
New adhesin of enteroaggregative Escherichia coli related to the
Afa/Dr/AAF  family. Infect. Immun. 76, 3281-3292. doi: 10.1128/IAL
01646-07

Boll, E. J., Ayala-Lujan, J., Szabady, R., L., Louissaint, C., Smith, R., et al. (2017).
Enteroaggregative Escherichia coli adherence fimbriae drive inflammatory
cell recruitment via interactions with epithelial MUCI. MBio 8:e00717.
doi: 10.1128/mBi0.00717-17

Boll, E. J., Struve, C., Sander, A., Demma, Z., Nataro, J. P., Ruiz-Perez, F., et al.
(2012). The fimbriae of enteroaggregative Escherichia coli induce epithelial
inflammation in vitro and in a human intestinal xenograft model. J. Infect. Dis.
206, 714-722. doi: 10.1093/infdis/jis417

Cennimo, D., Abbas, A., Huang, D. B., and Chiang, T. (2009). The prevalence and
virulence characteristics of enteroaggregative Escherichia coli at an urgent-care
clinic in the USA: a case-control study. J. Med. Microbiol. 58(Pt 4), 403-407.
doi: 10.1099/jmm.0.005793-0

Coburn, P. S., Miller, F. C., LaGrow, A. L., Parkunan, S., Blake Randall, C,,
Staats, R. L., et al. (2018). TLR4 modulates inflammatory gene targets in
the retina during Bacillus cereus endophthalmitis. BMC Ophthalmol. 18:96.
doi: 10.1186/s12886-018-0764-8

Czeczulin, J. R., Balepur, S., Hicks, S., Phillips, A., Hall, R,, Kothary, M., et al.
(1997). Aggregative adherence fimbria II, a second fimbrial antigen mediating
aggregative adherence in enteroaggregative Escherichia coli. Infect. Immun. 65,
4135-4145.

Davey, M., Liu, X., Ukai, T., Jain, V., Gudino, C., Gibson, F., et al. (2008). Bacterial
fimbriae stimulate proinflammatory activation in the endothelium through

regulation of toll-like
Gastroenterol. 19,

receptors
559-564.

University of Chile to AA. MF gratefully acknowledges the
Fondequip Program (Grant EQM150037) for the funding to
purchase the Luminex platform.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcimb.
2019.00143/full#supplementary-material

Supplementary Figure 1 | HT-29 cells were incubated with increasing
concentrations of AAF/Il fimbriae extract. IL-8 secretion was measured by ELISA.
(-), vehicle control. Experiments were performed in triplicate. The bars represent
the mean of three experiments + S.D. *Significantly different (p < 0.05).

Supplementary Figure 2 | HT-29 cells were incubated with an AAF/Il extract
treated with increasing concentrations of Proteinase K. IL-8 secretion was
measured by ELISA. (), vehicle control. Experiments were performed in triplicate.
The bars represent the mean of three experiments + S.D. *Significantly

different (p < 0.05).

distinct TLRs. J. Immunol. 180, 2187-2195. doi: 10.4049/jimmunol.180.
4.2187

Erridge, C., Kennedy, S., Spickett, C. M., and Webb, D. J. (2008). Oxidized
phospholipid inhibition of toll-like receptor (TLR) signaling is restricted
to TLR2 and TLR4: roles for CDI14, LPS-binding protein, and MD2
as targets for specificity of inhibition. J. Biol. Chem. 283, 24748-24759.
doi: 10.1074/jbc.M800352200

Estrada-Garcia, T., and Navarro-Garcia, F. (2012). Enteroaggregative
Escherichia  coli  pathotype: a genetically heterogeneous emerging
foodborne enteropathogen. FEMS Immunol. Med. Microbiol. 66, 281-298.
doi: 10.1111/j.1574-695X.2012.01008.x

Farfan, M. J., Inman, K., G., and Nataro, J., P. (2008). The major pilin subunit
of the AAF/II fimbriae from enteroaggregative Escherichia coli mediates
binding to extracellular matrix proteins. Infect. Immun. 76, 4378-4384.
doi: 10.1128/IA1.00439-08

Fujie, H., Niu, K., Ohba, M., Tomioka, Y., Kitazawa, H., Nagashima, K., et al.
(2012). A distinct regulatory role of Th17 cytokines IL-17A and IL-17F in
chemokine secretion from lung microvascular endothelial cells. Inflammation
35,1119-1131. doi: 10.1007/s10753-011-9419-0

Furrie, E., Macfarlane, S., Thomson, G., Macfarlane, G. T., Microbiology,
Gut Biology, G., et al. (2005). Toll-like receptors-2,—3 and—4 expression
patterns on human colon and their regulation by mucosal-associated
bacteria. Immunology 115, 565-574. doi: 10.1111/j.1365-2567.2005.
02200.x

Greenberg, D. E., Jiang, Z., D., Steffen, R., Verenker, M., P., et al. (2002).
Markers of inflammation in bacterial diarrhea among travelers, with a focus
on enteroaggregative Escherichia coli pathogenicity. J. Infect. Dis. 185, 944-949.
doi: 10.1086/339617

Guerrant, R. L., Oria, R, B., Moore, S, R, Oria, M., et al. (2008).
Malnutrition as an enteric infectious disease with long-term effects on
child development. Nutr. Rev. 66, 487-505. doi: 10.1111/j.1753-4887.2008.
00082.x

Harrington, S. M., Dudley, E. G., and Nataro, J. P. (2006). Pathogenesis of
enteroaggregative Escherichia coli infection. FEMS Microbiol. Lett. 254, 12-18.
doi: 10.1111/j.1574-6968.2005.00005.x

Harrington, S. M., Strauman, M., C., Abe, C., M., Nataro, J, et al
(2005). Aggregative adherence fimbriae contribute to the inflammatory
response of epithelial cells infected with enteroaggregative Escherichia
coli. Cell. Microbiol. 7, 1565-1578. doi: 10.1111/j.1462-5822.2005.
00588.x

Hebbelstrup, J. B, Olsen, K., E., Struve, C., Krogfelt, K. A., and Petersen, A.
M. (2014). Epidemiology and clinical manifestations of enteroaggregative
Escherichia coli. Clin. Microbiol. Rev. 27, 614-630. doi: 10.1128/CMR.
00112-13

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

May 2019 | Volume 9 | Article 143


https://www.frontiersin.org/articles/10.3389/fcimb.2019.00143/full#supplementary-material
https://doi.org/10.1097/00001574-200311000-00008
https://doi.org/10.4049/jimmunol.167.3.1609
https://doi.org/10.1128/IAI.69.12.7387-7395.2001
https://doi.org/10.1128/IAI.70.8.4302-4311.2002
https://doi.org/10.1128/IAI.01646-07
https://doi.org/10.1128/mBio.00717-17
https://doi.org/10.1093/infdis/jis417
https://doi.org/10.1099/jmm.0.005793-0
https://doi.org/10.1186/s12886-018-0764-8
https://doi.org/10.4049/jimmunol.180.4.2187
https://doi.org/10.1074/jbc.M800352200
https://doi.org/10.1111/j.1574-695X.2012.01008.x
https://doi.org/10.1128/IAI.00439-08
https://doi.org/10.1007/s10753-011-9419-0
https://doi.org/10.1111/j.1365-2567.2005.02200.x
https://doi.org/10.1086/339617
https://doi.org/10.1111/j.1753-4887.2008.00082.x
https://doi.org/10.1111/j.1574-6968.2005.00005.x
https://doi.org/10.1111/j.1462-5822.2005.00588.x
https://doi.org/10.1128/CMR.00112-13
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

Alvestegui et al.

TLR4 and EAEC-Induced Inflammation

Huang, D. B., and Dupont, H. L. (2004). Enteroaggregative Escherichia coli:
an emerging pathogen in children. Semin. Pediatr. Infect. Dis. 15, 266-271.
doi: 10.1053/j.spid.2004.07.008

Huang, D. B., Mohamed, J. A., Nataro, J. P., DuPont, H., Jiang, Z. D., and
Okhuysen, P. C. (2007). Virulence characteristics and the molecular
epidemiology of enteroaggregative Escherichia coli isolates from travellers
to developing countries. J. Med. Microbiol. 56(Pt 10), 1386-1392.
doi: 10.1099/jmm.0.47161-0

Huang, D. B, Nataro, J. P., DuPont, H. L., Kamat, P., Mhatre, A. D., Okhuysen P.
C., et al. (2006). Enteroaggregative Escherichia coli is a cause of acute diarrheal
illness: a meta-analysis. Clin. Infect. Dis. 43, 556-563. doi: 10.1086/505869

Hug, H., Mohajeri, M. H., and La Fata, G. (2018). Toll-like receptors:
regulators of the immune response in the human gut. Nutrients 10:e203.
doi: 10.3390/nu10020203

Iwashita, J., Sato, Y., Sugaya, H., Takahashi, N., Sasaki, H., and Abe, T.
(2003). mRNA of MUC2 is stimulated by IL-4, IL-13 or TNF-alpha
through a mitogen-activated protein kinase pathway in human colon cancer
cells. Immunol. Cell Biol. 81, 275-282. doi: 10.1046/j.1440-1711.2003.t01-1-
01163.x

Izquierdo, M., Alvestegui, A., Nataro, J., P., Ruiz-Perez, F., and Farfan, M.
(2014a). Participation of integrin alphaSbetal in the fibronectin-mediated
adherence of enteroaggregative Escherichia coli to intestinal cells. Biomed. Res.
Int. 2014:781246. doi: 10.1155/2014/781246

Izquierdo, M., Navarro-Garcia, F., Nava-Acosta, R., Nataro, J. P., Ruiz-Perez,
F., and Farfan, M. J. (2014b). Identification of cell surface-exposed proteins
involved in the fimbria-mediated adherence of enteroaggregative Escherichia
coli to intestinal cells. Infect. Immun. 82, 1719-1724. doi: 10.1128/IAL
01651-13

Jamieson, K. C., Traves, S. L., Kooi, C., Wiehler, S., Dumonceaux, C., Maciejewski,
B. A, et al. (2019). Rhinovirus and bacteria synergistically induce IL-17C
release from human airway epithelial cells to promote neutrophil recruitment.
J. Immunol. 202, 160-170. doi: 10.4049/jimmunol.1800547

Kamada, N., Hisamatsu, T., Okamoto, S., Chinen, H., Kobayashi, T., Sato, T., et al.
(2008). Unique CD14 intestinal macrophages contribute to the pathogenesis
of Crohn disease via IL-23/IFN-gamma axis. J. Clin. Invest. 118, 2269-2280.
doi: 10.1172/JCI34610

Khan, M. A, Kang, J., and Steiner, T. S. (2004). Enteroaggregative Escherichia
coli flagellin-induced interleukin-8 secretion requires Toll-like receptor
5-dependent p38 MAP kinase activation. Immunology 112, 651-660.
doi: 10.1111/j.1365-2567.2004.01923.x

Kitani, H., Yoshioka, M., Takenouchi, T., Sato, M., and Yamanaka, N.
(2014). Characterization of the liver-macrophages isolated from a mixed
primary culture of neonatal swine hepatocytes. Results Immunol. 4, 1-7.
doi: 10.1016/j.rinim.2014.01.001

Lee, H. K., Dunzendorfer, S., and Tobias, P., S. (2004). Cytoplasmic domain-
mediated dimerizations of toll-like receptor 4 observed by beta-lactamase
enzyme fragment complementation. J. Biol. Chem. 279, 10564-10574.
doi: 10.1074/jbc.M311564200

Lee, J., Yoon, Y. J, Kim, J. H, Dinh, N. T, Go, G., Tae, S, et al
(2018). Outer membrane vesicles derived from Escherichia coli regulate
neutrophil migration by induction of endothelial IL-8. Front. Microbiol. 9:2268.
doi: 10.3389/fmicb.2018.02268

Lundgren, M., Persson, U. Larsson, P., Magnusson, C., Smith, C. L,
Hammarstrom, L., et al. (1989). Interleukin 4 induces synthesis of IgE and
1gG4 in human B cells. Eur. J. Immunol. 19, 1311-1315. doi: 10.1002/eji.1830
190724

McLeod, J. J., Baker, B., and Ryan, J. J. (2015). Mast cell production and response
to IL-4 and IL-13. Cytokine 75, 57-61. doi: 10.1016/j.cyt0.2015.05.019

Melmed, G., Thomas, L. S., Lee, N., Tesfay, S. Y., Lukasek, K., Michelsen, K. S.,
et al. (2003). Human intestinal epithelial cells are broadly unresponsive
to toll-like receptor 2-dependent bacterial ligands: implications for
host-microbial interactions in the gut. J. Immunol. 170, 1406-1415.
doi: 10.4049/jimmunol.170.3.1406

Morin, N., Santiago, A. E., Ernst, R. K., Guillot, S., and Nataro, J. P. (2013).
Characterization of the AggR regulon in enteroaggregative Escherichia coli.
Infect. Immun. 81, 122-132. doi: 10.1128/IAL.00676-12

Mossman, K. L., Mian, M., F.,, Lauzon, N., M., Gyles, C,, Lichty, B., Mackenzie, R.,
et al. (2008). Cutting edge: FimH adhesin of type 1 fimbriae is a novel TLR4
ligand. J. Immunol. 181, 6702-6706. doi: 10.4049/jimmunol.181.10.6702

Nataro, J. P., Deng, Y., Maneval, D. R, German, A., L., Martin, W. C., and
Levine, M. M. (1992). Aggregative adherence fimbriae I of enteroaggregative
Escherichia coli mediate adherence to HEp-2 cells and hemagglutination of
human erythrocytes. Infect. Immun. 60, 2297-2304.

Nozoe, K., Sanui, T., Takeshita, M., Fukuda, T., Haraguchi, A., Aida, Y., et al.
(2017). Innate immune-stimulatory activity of porphyromonas gingivalis
fimbriae is eliminated by phase separation using Triton X-114. J. Immunol.
Methods 441, 31-38. doi: 10.1016/j.jim.2016.11.012

Philipson, C. W., Bassaganya-Riera, J., and Hontecillas, R. (2013). Animal models
of enteroaggregative Escherichia coli infection. Gut Microbes 4, 281-291.
doi: 10.4161/gmic.24826

Prata, M. M. G., Cavalcante, P. A., Silva, A., Medeiros, P., Junior, E. M.,
Reyes, M. A. V., et al. (2018). Alanyl-Glutamine protects against damage
induced by enteroaggregative Escherichia coli strains in intestinal cells. J.
Pediatr. Gastroenterol. Nutr. 68, 190-198. doi: 10.1097/MPG.0000000000
002152

Ronet, C., Passelli, K., Charmoy, M., Scarpellino, L., Myburgh, E., Hauyon La
Torre, Y., et al. (2018). TLR2 signaling in skin non-hematopoietic cells induces
early neutrophil recruitment in response to Leishmania major infection.
J. Invest. Dermatol. 27:50022-202X(18)01302-7. doi: 10.1016/j.jid.2018.
12.012

Rousset, M. (1986). The human colon carcinoma cell lines HT-29 and Caco-2:
two in vitro models for the study of intestinal differentiation. Biochimie 68,
1035-1040. doi: 10.1016/S0300-9084(86)80177-8

Salmon-Ehr, V., Ramont, L., Godeau, G., Birembaut, P., Guenounou, M., Bernard,
P., et al. (2000). Implication of interleukin-4 in wound healing. Lab. Invest. 80,
1337-1343. doi: 10.1038/labinvest.3780141

Sanchez-Villamil, J., Tapia-Pastrana, G., and Navarro-Garcia, F. (2016). Pathogenic
lifestyles of E. coli pathotypes in a standardized epithelial cell model influence
inflammatory signaling pathways and cytokines secretion. Front. Cell Infect.
Microbiol. 6:120. doi: 10.3389/fcimb.2016.00120

Schuerer-Maly, C. C., Eckmann, L., Kagnoff, M. F., Falco, M. T., and Maly, F. E.
(1994). Colonic epithelial cell lines as a source of interleukin-8: stimulation
by inflammatory cytokines and bacterial lipopolysaccharide. Immunology
81, 85-91.

Sirard, J. C., Bayardo, M., and Didierlaurent, A. (2006). Pathogen-specific
TLR signaling in mucosa: mutual contribution of microbial TLR agonists
and virulence factors. Eur. J. Immunol. 36, 260-263. doi: 10.1002/€ji.2005
35777

Song, Z., Zhang, J., Zhang, X., Li, D., Wang, H., Xu, X,, et al. (2015). Interleukin
4 deficiency reverses development of secondary Pseudomonas aeruginosa
pneumonia during sepsis-associated immunosuppression. J. Infect. Dis. 211,
1616-1627. doi: 10.1093/infdis/jiu668

Steiner, T. S., Nataro, J. P., Poteet-Smith, C. E., Smith, J., and Guerrant, R. L.
(2000). Enteroaggregative Escherichia coli expresses a novel flagellin that causes
IL-8 release from intestinal epithelial cells. J. Clin. Invest. 105, 1769-1777.
doi: 10.1172/JCI8892

Strauman, M. C., Harper, ., M., Harrington, S., M., Boll, E., and Nataro, J. P. (2010).
Enteroaggregative Escherichia coli disrupts epithelial cell tight junctions. Infect.
Immun. 78, 4958-4964. doi: 10.1128/IA1.00580-10

Takeda, K., and AKkira, S. (2004). TLR signaling pathways. Semin. Immunol. 16,3-9.
doi: 10.1016/j.smim.2003.10.003

Teodorowicz, M., Perdijk, O., Verhoek, 1., Govers, C., Savelkoul, H. F., Tang,
Y., et al. (2017). Optimized Triton X-114 assisted lipopolysaccharide

(LPS) removal method reveals the immunomodulatory effect of
food proteins. PLoS ONE 12:e0173778. doi: 10.1371/journal.pone.
0173778

Tran, C. T., Garcia, M., Garnier, M., Burucoa, C., and Bodet, C. (2017).
Inflammatory signaling pathways induced by Helicobacter pylori in
primary human gastric epithelial cells. Innate Immun. 23, 165-174.
doi: 10.1177/1753425916681077

Tukel, C., Raffatellu, M., Humphries, A. D., Wilson, R. P., Andrews-Polymenis,
H. L., Gull, T, et al. (2005). CsgA is a pathogen-associated molecular pattern

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

May 2019 | Volume 9 | Article 143


https://doi.org/10.1053/j.spid.2004.07.008
https://doi.org/10.1099/jmm.0.47161-0
https://doi.org/10.1086/505869
https://doi.org/10.3390/nu10020203
https://doi.org/10.1046/j.1440-1711.2003.t01-1-01163.x
https://doi.org/10.1155/2014/781246
https://doi.org/10.1128/IAI.01651-13
https://doi.org/10.4049/jimmunol.1800547
https://doi.org/10.1172/JCI34610
https://doi.org/10.1111/j.1365-2567.2004.01923.x
https://doi.org/10.1016/j.rinim.2014.01.001
https://doi.org/10.1074/jbc.M311564200
https://doi.org/10.3389/fmicb.2018.02268
https://doi.org/10.1002/eji.1830190724
https://doi.org/10.1016/j.cyto.2015.05.019
https://doi.org/10.4049/jimmunol.170.3.1406
https://doi.org/10.1128/IAI.00676-12
https://doi.org/10.4049/jimmunol.181.10.6702
https://doi.org/10.1016/j.jim.2016.11.012
https://doi.org/10.4161/gmic.24826
https://doi.org/10.1097/MPG.0000000000002152
https://doi.org/10.1016/j.jid.2018.12.012
https://doi.org/10.1016/S0300-9084(86)80177-8
https://doi.org/10.1038/labinvest.3780141
https://doi.org/10.3389/fcimb.2016.00120
https://doi.org/10.1002/eji.200535777
https://doi.org/10.1093/infdis/jiu668
https://doi.org/10.1172/JCI8892
https://doi.org/10.1128/IAI.00580-10
https://doi.org/10.1016/j.smim.2003.10.003
https://doi.org/10.1371/journal.pone.0173778
https://doi.org/10.1177/1753425916681077
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

Alvestegui et al.

TLR4 and EAEC-Induced Inflammation

of Salmonella enterica serotype typhimurium that is recognized by toll-
like receptor 2. Mol. Microbiol. 58, 289-304. doi: 10.1111/j.1365-2958.2005.
04825.x

Turner, M. D., Nedjai, B., Hurst, T., and Pennington, D., J. (2014). Cytokines
and chemokines: at the crossroads of cell signalling and inflammatory disease.
Biochim. Biophys. Acta 1843, 2563-2582. doi: 10.1016/j.bbamcr.2014.05.014

Uehara, A., Fujimoto, Y., Fukase, K., and Takada, H. (2007). Various
human epithelial cells express functional Toll-like receptors, NOD1 and
NOD2 to produce anti-microbial peptides, but not proinflammatory
cytokines. Mol. Immunol. 44, 3100-3111. doi: 10.1016/j.molimm.2007.
02.007

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Alvestegui, Olivares-Morales, Mufioz, Smith, Nataro, Ruiz-Perez
and Farfan. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

May 2019 | Volume 9 | Article 143


https://doi.org/10.1111/j.1365-2958.2005.04825.x
https://doi.org/10.1016/j.bbamcr.2014.05.014
https://doi.org/10.1016/j.molimm.2007.02.007
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

	TLR4 Participates in the Inflammatory Response Induced by the AAF/II Fimbriae From Enteroaggregative Escherichia coli on Intestinal Epithelial Cells
	Introduction
	Materials and Methods
	Bacterial Strains
	Cell Lines
	Fimbriae Extraction
	Proteinase K Treatment
	Cell Assays
	Inflammatory Markers Quantification
	Statistical Analysis

	Results
	Blocking of TLR4 Reduces Induction of IL-8 Secretion in HT-29 Cells Infected With EAEC
	AAF/II Fimbriae Induce IL-8 Secretion in HT-29 Cells Via TLR4
	TLR4 Participates in the Global Inflammatory Response Induced by AAF/II Fimbriae on Intestinal Epithelial Cells

	Discussion
	Author Contributions
	Funding
	Supplementary Material
	References


