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Abstract Enteroaggregative Escherichia coli (EAEC) is
emerging as a cause of acute and persistent diarrhea in
developing countries. An important feature of EAEC
pathogenesis is the induction of profound inflammatory
response in the intestinal epithelium. In this article, we
have shown that EAEC-induced activation of mitogen-
activated protein kinases (MAPK) (ERK-1/2, JNK and
p38MAPK) in cultured human intestinal epithelial cells
(INT-407) leads to the induction of DNA-binding activity
of NF-xB and AP-1, resulting in IL-8 production. Plasmid-
cured EAEC could also activate the MAPK and the tran-
scription factors leading to IL-8 secretion, but to a lesser
extent than that of wild-type EAEC. Further, pretreatment of
these cells with the highly specific MEK inhibitor (PD
098059), the JNK inhibitor (SP 600125), and the p38MAPK
inhibitor (SB 203580) resulted in inhibition of the IL-8
secretion by EAEC (wild type as well as plasmid cured)-
infected INT-407 cells. These findings demonstrate that the
inflammatory response induced by EAEC may be due to the
specific stimulation of MAPK signaling pathways leading to
nuclear responses. To our knowledge, this is the first article
regarding the detailed mechanism of IL-8 secretion from the
EAEC-infected human intestinal epithelial cell line.
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Introduction

Enteroaggregative Escherichia coli (EAEC) is an important
enteric pathogen responsible for acute and persistent diar-
rhea in both developing and industrialized countries [1, 2].
EAEC-induced pathogenicity is known to be associated
with intestinal inflammation [3]. It has been reported that
EAEC-infected children had significant elevation in faecal
lactoferrin, IL-8, and IL-1p [4]. Further, flagellin as well as
AAF/II of EAEC-042 strain were shown to induce IL-8
secretion from different human intestinal epithelial cell lines
[5, 6]. Recently, we have reported that a galactose-specific
adhesin of EAEC-T7 strain induced IL-8 secretion from
INT-407 cells [7]. Thus, it is possible that multiple factors of
EAEC may contribute to EAEC-induced inflammation.
The IL-8 gene expression is regulated by several path-
ways. The promoter region of the gene contains the binding
sequences for various transcription factors, including
NF-xB and AP-1 [8]. In most cell types, NF-kB exists in an
inactive form in the cytoplasm through its binding to
inhibitory proteins IxB. Treatment of cells with various
inducers activates a signalling cascade that culminates in
phosphorylation of IxBs, resulting in degradation of IxB
proteins. The bound NF-xB is released and translocates to
the nucleus, where it activates appropriate set of target
genes. The transcription factor AP-1 is composed of
homodimer or heterodimer of proteins of the jun and fos
families of DNA-binding proteins. Stimulation of AP-1
activity can result from an increase in the level of the
components of this transcription factor or from an in
increase in their activity due to specific phosphorylation.
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Activation of both NF-xB and AP-1 is dependent on
mitogen-activated protein kinases (MAPK) (ERK-1/2, JNK
and p38) that are central in various host responses includ-
ing the regulation of cytokines. Studies have revealed that
infection of cultured epithelial cells with different enteric
organisms could lead to the activation of MAPK path-
ways resulting in the induction of DNA-binding activity
of NF-kB and AP-1 with subsequent production of
IL-8 [9-11]. Khan et al. [12] demonstrated that EAEC-
flagellin-induced IL-8 secretion by colonic epithelial cells
requires Toll-like receptor (TLR) 5-dependent activation of
p38MAPK.

Not much has been studied on the signal transduction
pathways involved in the EAEC-induced IL-8 secretion.
Therefore, the aim of this study was to investigate the
mechanisms implicated in the stimulation of IL-8 produc-
tion in intestinal epithelial cells infected with EAEC. Since
IL-8 gene transcription is regulated by the MAPK-medi-
ated activation of transcription factors NF-kB and AP-1,
we have assessed the level of expression of the activated
MAPK (ERK-1/2, JNK, and p38) and the DNA-binding
activity of NF-kB and AP-1 in EAEC-infected human
intestinal epithelial cell line (INT-407). Further, the
involvement of MAPK in EAEC-induced IL-8 secretion by
these cells was also established in this study.

Materials and methods
Chemicals

All the chemicals used in the study were of analytical grade.
The MEK1/2 inhibitor (PD 098059), the p38MAPK inhibitor
(SB 203580), and the JNK inhibitor (SP 600125) were pro-
cured from Sigma-Aldrich Co. (St. Louis, MO, USA) and
solubilized in DMSO. The anti-phospho-ERK-1/2 (sc-7976-
R), anti-ERK-1/2 (5¢c-94), anti-phospho-p38MAPK (sc-7975-
R), anti-phospho-JNK (sc-6254), and anti-JNK (sc-1648)
antibodies, as well as the HRP-conjugated anti rabbit IgG
(sc-2054) and HRP-conjugated anti mouse IgG (sc-2055)
were obtained from Santa Cruz Biotechnology (CA, USA).

Bacterial strains and growth conditions

The EAEC-042 (prototype strain) and T8 (clinical isolate
harbouring the AAF II plasmid) strains were procured
from National Institute of Cholera and Enteric Diseases
(Kolkata, India). The strains were grown at 37°C in Luria—
Bertani medium. The T8 strain was cured of its plasmid by
repeated passage in increasing concentration of acriflavine
[13] and designated as —pT8. All the strains were char-
acterized by the characteristic plasmid profile, PCR using
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EAEC-specific primers [14] as well as on the basis of HEp-
2 adherence assay [15].

Cell culture

The INT-407 cells (an epithelial cell line derived from
human embryo small intestine) were obtained from
National Centre For Cell Science (Pune, India) and grown
in Minimum Essential Medium (MEM) with 5 mM
L-glutamine, Earle’s balanced salt solution (Gibco BRL,
USA), 1.5 g/l sodium bicarbonate, 50 U/ml penicillin,
50 pg/ml streptomycin, and 10% heat-inactivated fetal
calf serum (Biological Industries, Israel) at 37°C in a
humidified atmosphere of 5% CO,-95% air. Cells were
seeded at high density in tissue culture plates for further
experiments.

Infection

Unless otherwise mentioned, bacteria were added to the
INT-407 monolayers in 6-well/24-well tissue culture plates
at 1:100 multiplicity of infection in MEM medium without
serum and antibiotics. The cells were incubated in the CO,
incubator at 37°C for different time intervals as required
for each experiment.

IL-8 assay

The INT-407 cells were infected with different EAEC
strains for 3 h. Prior to infection, cells were washed and
incubated in serum and antibiotic free MEM. The culture
supernatant was collected by centrifugation and used for
the estimation of IL-8 by sandwich ELISA, using mono-
clonal anti human IL-8 and biotinylated anti human IL-8 as
the capture antibody and detection antibody (BD Pharm-
ingen, USA), respectively. Where indicated, the inhibitors
SB 203580 (10 uM, inhibitor for p38MAPK), SP 600125
(20 uM, inhibitor for JNK), and PD 098059 (50 uM,
inhibitor for MEK-1/2) were added for 90 min prior to the
infection and maintained throughout the infection period.
In the assay performed with inhibitors, an EAEC control
was pre-treated with DMSO, and DMSO was maintained
during the infection.

Detection of IL-8 mRNA in INT-407 cells

The INT-407 cells grown in 75-cm? flasks were infected
with overnight grown bacterial culture and incubated for
3 h. The medium was removed, and the total RNA was
isolated using RNeasy mini kit (Qiagen, USA). Reverse
transcription was done on 2 pg of RNA from each sample
at 42°C for 1 h using First strand cDNA synthesis kit
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(Roche, Germany). The reaction was terminated by 5-min
incubation at 99°C and rapid chilling on ice.

The polymerase chain reaction (PCR) reaction was done
by the addition of 2.5 pul of 10x PCR buffer, 2.0 pl of
dNTP mix, 1.5 U of Taq DNA polymerase (Roche, Ger-
many), 10 pmol of each primer (Sigma Genosys, USA),
5 pl of cDNA template, and the volume was made up to
25 pl with double autoclaved distilled water. For IL-8, the
reaction was cycled 35 times at 95°C for 1 min, 60°C for
2.5 min, and 72°C for 1 min whereas for f-actin, the
reaction was cycled 30 times at 95°C for 1 min, 58°C for
30 s, and 72°C for 45 s. A volume of 10 pl of each reaction
product was electrophoresed on 1.5% agarose gel, stained
with ethidium bromide, and visualized by UV light. The
primers were obtained from Sigma Genosys (USA) and had
the following sequences: 5'-tgacttccaagctggecgtgget-3' and
5'-tctcagecctcttcaaaaacttetc-3’ for IL-8; 5'-tgacggggtcacccac
actgtgeccatcta-3' and 5'-ctagaagcattgcggtggacgatggaggg-3’
for f-actin.

The changes in band intensity in case of each parameter
were quantified by scanning densitometry using Scion
image 4.3 software (Bio-Rad, USA). Variations in the
cDNA concentration were normalized by co-amplification
with f-actin in each set. The increase/decrease (fold) in the
expression of IL-8 in EAEC-infected INT-407 cells was
calculated by taking the normalized value of the same
transcript as 1 in cells cultured without bacteria.

Electrophoretic mobility shift assay

The INT-407 cells were seeded in six-well plates. At 70—
80% confluence, the cells were washed and infected with
different EAEC strains for 3 h in serum and antibiotic-free
MEM. The DNA-binding activity of AP-1 as well as NF-
kB was analyzed in total cleared cellular extracts prepared
with NE-PER nuclear extraction reagent (Pierce, USA).
The extracts (10 pg protein) were incubated separately for
25 min at 25°C with biotin-labeled double stranded
oligonucleotide containing the AP-1 site (5-TTCGTGA
CTCAGCGG-3’) and NF-xB site (5-GATCCAAGGGGA
CTTTCCATG-3'). Complexes were separated by electro-
phoresis on a 6% non-denaturing polyacrylamide gel in
0.5x TBE [45 mM Tris/45 mM Borate/1 mM EDTA
buffer (pH 8.0)]. The bands on the gel were electropho-
retically transferred to nylon membrane in the presence of
0.5x TBE buffer, and the membrane was air dried. The
transferred DNA in the membrane was cross linked by UV
(120 x 103 J, 2 min), and the transblot was developed by
using Chemiluminescent Electrophoretic mobility shift
assay (EMSA) detection kit (Pierce, USA). The specificity
of the complexes was analyzed by preincubation of the
extracts with 50-fold excess of unlabelled AP-1 or NF-«xB-
binding oligonucleotides.

Western blotting

The INT-407 cells were seeded into six-well tissue culture
plates and were grown up to 70-80% confluency. The cells
were triggered with EAEC for different time intervals (1, 2,
and 3 h). The cells were washed with PBS to remove the
excess of unattached bacteria. Cells without bacteria served
as control in all the assays. Subsequently, the cells were
suspended in lysis buffer [10 mM HEPES (pH 7.5) con-
taining 150 mM NaCl, 10% glycerol, 0.6% Triton X-100,
10 mM NaVOy,, and a complete cocktail protease inhibitor
(Roche, Germany)] followed by incubation for 30 min at
4°C and sonication. The debris was removed by centri-
fuging the homogenate at 10,000 rpm for 10 min. An ali-
quot of each lysate was removed for protein estimation by
BCA assay.

Equal amount (30 png) of each lysate was subjected to
sodium dodecyl sulphate polyacrylamide gel (10%) elec-
trophoresis [16]. The proteins were transferred to a 0.45-
pm membrane (Hybond ECL, Amersham, UK) at 80 V for
2 h at 4°C [17]. The strips were placed in blocking buffer
[5% skim milk in PBS (SM-PBS) containing 0.1% Tween-
20] at 4°C for overnight and washed with PBST (PBS
containing 0.1% Tween-20). Membranes were probed with
antibodies to phospho-ERK1/2 (1:5,000), phospho-JNK
(1:3,000), and phospho-p38MAPK (1:5,000) for 2 h at
37°C. After extensive washing, the blots were incubated
with the respective HRP-conjugated secondary antibody
(1:3,500) for 1 h at 37°C followed by detection with ECL
Plus Western Blotting Detection System (Amersham, UK).
In order to distinguish total cellular ERK1/2, JNK, and
p38MAPK from their activated (phosphorylated) forms,
respective blots were stripped and re-probed with anti-
bodies to total ERK1/2 (1:6,000), JNK (1:4,000), and
p38MAPK (1:5,000), respectively.

Statistical analysis

Data were presented as mean + SD. Differences were
analyzed by one-way analysis of variance (ANOVA) with
subsequent Dunnett r-test. ** P < 0.01 was taken as
significant.

Results

Characterization of bacterial strains

The agarose gel electrophoretic profile of EAEC-TS8 [wild
type and plasmid cured] and EAEC-O42 (prototype strain)
revealed the presence of mega plasmid in both T8 and 042

strains, but not in the —pT8 strain. The T8 (wild type and
plasmid cured) and 042 strains were also assessed for
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Fig. 1 Aggregative adherence pattern of EAEC-TS strain (wild type
and plasmid cured) with a HEP-2 cells and b INT-407 cells after 3 h
of infection. The cells were stained with Giemsa stain. Wild type T8
strain showed the characteristic stacked brick type of adherence
pattern, whereas it was absent in case of —pT8 (plasmid-cured strain)

EAEC-specific PCR. The amplified PCR product of 630 bp
confirmed the T8 strain to be enteroaggregative in nature,
and the size of the amplified band was comparable to that
of the prototype EAEC-042 [14]. The EAEC-specific gene
from which the primers have been designed, are known to
be present on the 60-65 MDa plasmid of EAEC [18].
Hence, in the case of the —pT8 strain, no band of 630 bp
was detected in EAEC-specific PCR. Moreover, charac-
teristic stacked-brick pattern of adherence of EAEC-T8
strain was observed with HEp-2 cells as well as with INT-
407 cells (Fig. 1). However, no adherence of the —pT8
strain was observed with both the cell lines.

EAEC infection increases IL-8 release by INT-407 cells

It has been reported that EAEC-042 could induce IL-8
secretion from intestinal epithelial cells [4]. This observa-
tion prompted us to assess the extent of IL-8 secretion from
EAEC-TS8 [wild type and plasmid cured]-infected INT-407
cells. The cells infected with EAEC-042 were taken as
positive control, and the uninfected cells were used as
negative control. As shown in Fig. 2a, the wild-type T8
strain and the prototype 042 strain induced significant
(P < 0.01) extent of IL-8 secretion (344.5 & 9.22 pg/ml
and 277.5 £ 8.6 pg/ml, respectively vs. 69.5 = 0.9 pg/ml
from uninfected cells) after 3 h. The —pT8 strain could
also induce IL-8 (191.88 & 4.3 pg/ml) release but to a
much lesser extent than its wild-type counterpart.
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Detection of IL-8 mRNA in EAEC-infected INT-407
cells

Reverse transcriptase PCR analysis of RNA isolated from
INT-407 cells showed 18.89, 3.49, and 9.2-fold increase in
IL-8 mRNA expression after 3 h of infection with the wild-
type T8 strain, —pT8 strain, and prototype EAEC-042
strain, respectively, as compared to that in the uninfected
cells (Fig. 2b, c).

EAEC-induced activation of AP-1 and NF-xkB
in INT-407 cells

Since NF-xB and AP-1 are prime regulatory elements for
IL-8 gene expression [8], EMSA was performed to inves-
tigate the ability of EAEC-T8 (wild type and plasmid
cured) as well as EAEC-042 to activate AP-1 and NF-xB
in INT-407 cells. As shown in Fig. 3, the control lanes
(0 h) corresponding to uninfected INT-407 cells revealed
no AP-1 and NF-xB DNA-binding activity. However, both
the transcription factors were found to be induced after 3 h
in INT-407 cells infected with T8 and 042 strains of EAEC.
The —pT8 strain also activated both the transcription fac-
tors but to a much lesser extent than that of wild-type
EAEC-TS. In order to confirm the specificity of this signal,
competition studies were performed in the presence of 50-
fold excess of unlabeled AP-1 as well as NF-xB-binding
oligonucleotides. Both AP-1 and NF-xB bindings to the
respective biotinylated oligonucleotide probes were found
to be inhibited.

EAEC-induced activation of MAPK (ERK-1/2, p38,
and JNK) in INT-407 cells

Regulation of NF-xB and AP-1 activities depends on the
activation of the MAPK [9, 10]. Thus, in order to gain
insight into the signaling mechanisms induced by EAEC,
which led to AP-1 and NF-xB activation, we assessed the
kinetics of activation of various MAPK modules in EAEC-
infected INT-407 cells by Western blotting using anti-
bodies that specifically recognize the phosphorylated forms
of ERK-1/2, INK, and p38MAPK. As depicted in Fig. 4, in
the case of EAEC-T8 as well as EAEC-042-infected INT-
407 cells, the activated ERK-1/2 (phosphorylated at Tyr
204 residue), activated p38MAPK (phosphorylated at
Tyr182), and activated JNK (phosphorylated at Thr183 and
Tyrl85) were found to be expressed after 1 and 2 h of
infection, respectively, and the extent of activation was
found to be increased after 3 h. In the case of the —pT8
strain, the phosphorylated form of both ERK-1/2 and JNK
was barely detectable after 1 h of infection of INT-407
cells. The activated p38MAPK was not detectable even
after 2 h of infection. However, the activated form of all
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Fig. 2 a EAEC infection-induced IL-8 release by INT-407 cells. IL-8
content was estimated in the supernatant of INT-407 cells by ELISA
after 3 h of infection with EAEC-T8 [wild-type and plasmid cured
(—pT8)] and EAEC-042 separately. Errors bars indicate standard
deviations. The asterisk indicates that the value is significantly
different from the value of uninfected control cells (P < 0.01), as
determined by one-way ANOVA with subsequent Dunnett #-test. b
Agarose gel electrophoretic profile of IL-8 mRNA in EAEC-infected

the three kinases was expressed appreciably after 3 h of
infection of these cells. Moreover, the levels of expression
of all the three MAPK in the —pT8 strain-infected cells
were much less than that of the cells infected with EAEC-
T8 under the same conditions. Our results also revealed
that activation of the MAPK occurred at the same time as
AP-1 and NF-kB activation in the EAEC-infected cells.

Prevention of EAEC-induced IL-8 secretion
from INT-407 by inhibition of MAPK pathways

In order to determine the direct implication of MAPK
pathways in EAEC-T8 (wild type and plasmid cured)-
induced IL-8 secretion, we used a pharmacologic approach
to block these pathways. For this purpose, INT-407 cells
were pretreated with specific inhibitors of MEK, JNK, and
P38MAPK separately before infection with EAEC. In order
to rule out the effect of the vehicle (DMSO) of the inhib-
itors on IL-8 secretion, EAEC-induced IL-8 secretions
were also assessed in presence of DMSO. As depicted in
Figs. 2a and 5, the presence of DMSO could not signifi-
cantly modify the extent of IL-8 secretion by EAEC-
infected INT-407 cells. However, in presence of each
inhibitor separately or in combination, IL-8 secretion was
found to be reduced significantly (P < 0.01) by the EAEC-
infected cells (Fig. 5). Our observations revealed that the
activation of all the three MAPK was required for the
production of IL-8.

Discussion

In this study, we have provided evidences that EAEC
infection of cultured human intestinal epithelial cells

pT8 042
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INT-407 cells. Total cellular RNA (2 pg) was reverse transcribed
using cDNA synthesis kit. Reverse transcription products were
amplified by PCR using Taq polymerase and primers for IL-8 and
f-actin separately. PCR products were analyzed by electrophoresis in
agarose gel. Bands of different intensity were observed in INT-407
cells infected with different strains of EAEC. ¢ Level of expression of
IL-8 transcripts after densitometric analysis followed by normaliza-
tion with the values of f-actin

induced activation of MAPK leading to nuclear responses
and IL-8 production. Study on the EAEC-induced infection
was mostly carried out on epithelial cells of human colonic
origin [6, 19]. However, EAEC has been found to colonize
human small intestinal as well as colonic epithelium [20].
Thus, in the present investigation, human embryonic small
intestinal epithelial cell line (INT-407) was used to study
the mechanism of EAEC-induced IL-8 release. In this
study. we have used wild-type and plasmid-cured T8 strain
of EAEC and the prototype EAEC-042 strain. The wild-
type EAEC-T8 was cured of its plasmid using acriflavine
[13]. Acriflavine intercalates between adjacent base-pairs
in the double helix [21]. Such interaction is believed to
account for the observed decrease in superhelix density of
covalently closed circular DNA [22] and for the production
of the frameshift mutations [23]. However, in this study,
sub-lethal concentrations of acriflavine were used which is
enough for curing of the plasmid but is not known to cause
any chromosomal mutations [13]. The curing of plasmid
was confirmed by the absence of the plasmid as well as
amplified 630 bp EAEC-specific PCR product in agarose
gel electrophoresis (data not shown).

Studies have demonstrated the association of EAEC
infection and inflammatory responses in intestinal epithe-
lial cells. Steiner et al. [5] have shown the release of IL-8
by Caco-2 cells infected with EAEC-042. Further, it was
demonstrated that IL-8 releasing activity of this strain was
due to flagellin, a chromosome-encoded protein [12]. Many
of the EAEC virulence factors have been found to be
localized within the 60-65 MDa plasmid, which include
the aggregative adherence fimbrial adhesins, several other
adhesins, enterotoxins, the transcriptional activator AggR,
and dispersin [1]. A study by Jiang et al. [24] implicated an
association between the possession of plasmid borne
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virulence factors of EAEC strains isolated from patients
with diarrhea and the resultant fecal cytokine profile.
Harrington et al. [6] suggested the involvement of Aaf B
protein (the component of AAF fimbriae encoded by the
genes present on AA plasmid) in the non-flagellar IL-8
response of polarized T84 cells infected with EAEC-042. It
was also shown that EAEC strains harbouring aggR, aggA,
and aap genes, were more likely to cause IL-8 secretion
from non-polarized human colonic epithelial cell line,
HCT-8 [25]. Recently, we have reported the galactose-
specific adhesin (encoded by the plasmid-borne gene) of
EAEC-T7 as another contributor of IL-8 secretion from
human intestinal epithelial cells infected with the organ-
isms [7]. All these evidences clearly indicated the
involvement of both plasmid and chromosome-encoded
factors of EAEC in the release of IL-8 from intestinal

@ Springer

epithelial cells. This is well correlated with our observation
in this study, which revealed a significant increase in IL-8
secretion by INT-407 cells after 3 h of infection with
EAEC-T8 and an appreciable reduction in IL-8 release in
case of plasmid-cured T8 strain. This finding was further
substantiated by the level of expression of IL-8 mRNA in
INT-407 cells infected with the wild-type and plasmid-
cured strain of EAEC-T8. The variation in the extent of IL-
8 release induced by EAEC-T8 and prototype EAEC-042
(used as positive control for IL-8 secretion) might be due to
the difference in the virulence potential of these strains.
The DNA-binding sites of AP-1 and NF-«B are known
to be present in the promoter region of IL-8 gene, and, thus,
both these transcription factors participate in its expression.
Studies have reported that infection of intestinal epithelial
cells by different enteric organisms could lead to the
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Fig. 5 EAEC infection-induced IL-8 secretion is related to MAPK
signaling. INT-407 cells were pre-incubated with PD098059 (inhib-
itor of MEK)/SB203580 (inhibitor of p38MAPK)/SP 600125 (inhib-
itor of JNK) separately or in combination for 90 min prior to infection
with EAEC for 3 h, and maintained throughout the infection period.
IL-8 content was estimated by ELISA in the culture supernatant of
INT-407 cells. In order to rule out the effect of the vehicle (DMSO) of
the inhibitors on IL-8 secretion, EAEC-induced IL-8 secretions were
also assessed in presence of DMSO. Error bars indicate standard
deviation. The asterisk indicates that a value is significantly different
from the value for EAEC-infected cells (P < 0.01), as determined by
one way ANOVA followed by Students ¢ test

activation of NF-xkB and AP-1, which were responsible for
the secretion of IL-8 from these cells [9, 10]. Our findings
regarding EAEC-induced activation of NF-xB and AP-1 in
INT-407 cells as well as IL-8 secretion from these cells, are
in good agreement with the previous articles. It is likely
that the inflammatory response induced by EAEC infection
might be due to the induction of signal transduction path-
ways leading to the activation of both these transcription
factors with subsequent stimulation of IL-8 gene expres-
sion. Further our observation regarding the decrease in the

1 2 3 0 1 2 3 Tme(h)
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level of activation of NF-xB and AP-1 in the cells infected
with the plasmid-cured T-8 strain are well correlated with
the reduced level of IL-8 secretion induced by this strain.
Our findings have clearly implicated the role of plasmid in
the enhanced IL-8 secretion by the INT-407 cells infected
with wild-type T-8 strain of EAEC.

The involvement of MAPK pathways in the activation
of AP-1 and NF-xB has been well documented [9, 26, 27].
Previous studies have suggested that the release of IL-8
following infection of cultured epithelial cells with dif-
ferent enteric organisms [Salmonella enterica serovar
Salmonella typhimurium, Helicobacter pylori, Enterohem-
orrhagic Escherichia coli (EHEC), and Enteropathogenic
Escherichia coli (EPEC)] was dependent on the activation
of MAPK pathways [9, 28-30]. In our study, an increased
expression of activated ERK1/2, p38MAPK, and JNK was
found in the EAEC-stimulated INT-407 cells. Further, the
reduced level of the EAEC-induced IL-8 secretion in the
presence of PD098059 (the specific inhibitor of MEK),
SB203580 (the specific inhibitor of p38MAPK), and
SP600125 (the specific inhibitor of INK) separately and in
combination, clearly indicated the involvement of all the
three MAPK in the regulation of IL-8 release by these
cells. It has been demonstrated that TLR-5-mediated acti-
vation of p38MAPK was required for IL-8 production in
intestinal epithelial cells triggered by flagellin, the chro-
mosomal gene-encoded protein of EAEC [12]. In our
study, a reduction in MAPK activation in INT-407 cells
infected by the plasmid-cured T8 strain as compared to the
wild-type strain clearly indicated the involvement of the
plasmid-borne factors of EAEC in the induction of IL-8
secretion involving the MAPK-mediated signal transduc-
tion pathways.

In this study, we have established the importance of the
plasmid of EAEC-TS in the activation of MAPK-mediated

@ Springer



24

Mol Cell Biochem (2010) 337:17-24

signal transduction pathways in INT-407 cells leading to
IL-8 secretion. Based on our results, we propose that
activation of both AP-1 and NF-xB essential in the syn-
thesis of IL-8 must occur in concert with the activation of
all the three MAPK in human intestinal epithelial cells.
Thus, our contribution regarding the EAEC-mediated sig-
naling undoubtedly leads to an improved understanding of
the pathogenesis caused by this important enteric pathogen.
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