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Colonization of the gastric epithelium by Helicobacter pyloriinduces the transcription factor nuclear factor
of kappa light polypeptide gene enhancer in B-cells (NF-kB) and the innate immune response. Virulent
strains of H. pylori carry a cag pathogenicity island (cagPAI), which encodes a type IV secretion system

Accepted 20 July 2013 (T4SS). Recent publications have shown controversial data regarding the role of the T4SS and the effector

protein cytotoxin associated gene A (CagA), which becomes translocated by the T4SS into the eukaryotic
Keywords: epith'elial _cell, in H. pylori-induced NF-«kB activa.tion. Tbus, thi§ s_tgdy anglysgs by usi.ng three different H.
cagPAl pa.thogenicity island pylori strains (P1, B128 and G27) whether CagA is required to initiate activation of different molecules of
IkBs inhibitors of kappa B (IkB) and the NF-kB transcription factor RelA. We provide experimental evidence
Inflammation that H. pylori induces phosphorylation of NF-«B inhibitors IkBa, IkBf3 and IkBe, and degradation of [kBo.

Further, H. pylori stimulates phosphorylation of RelA at amino acids S536, S468 and S276, promotes DNA
binding of RelA, and interleukin 8 (IL-8) gene expression in a T4SS-, but CagA-independent manner at

RelA phosphorylation

early time points.

© 2013 Elsevier GmbH. All rights reserved.

Introduction

The microaerophilic bacterium H. pylori induces gastric inflam-
mation which could promote peptic ulceration and progression to
gastric cancer (McLean and EI-Omar, 2011). Infection of the gastric
mucosa with H. pylori induces the release of chemotactic cytokines
including IL-8 (Gerhard et al., 2002). The IL-8 promoter is pre-
dominantly regulated by NF-kB. Regulation of NF-kB activity by
H. pylori is a fast process involving phosphorylation of the NF-kB
inhibitor IkBa at serine residues by IkB kinase 8 (IKK@) (Foryst-
Ludwig and Naumann, 2000; Hirata et al., 2006). Phosphorylation
creates a recognition signal for ubiquitinylating enzymes, thereby
marking IkBa for proteasomal degradation. This liberates the NF-
kB dimer, e.g. RelA/p50, which translocates to the nucleus and binds

* Corresponding author at: Institute of Experimental Internal Medicine, Otto von
Guericke University, Leipziger StraRe 44, 39120 Magdeburg, Germany;
Tel.: +49 391 67 13227; fax: +49 391 67 13312.

E-mail addresses: Olga.Sokolova@med.ovgu.de (O. Sokolova),
Borgmann@med.ovgu.de (M. Borgmann), rieke@med.ovgu.de (C. Rieke),
Schweitzer@med.ovgu.de (K. Schweitzer), Rothkoetter@med.ovgu.de
(H.-J. Rothkétter), Naumann@med.ovgu.de (M. Naumann).

1438-4221/$ - see front matter © 2013 Elsevier GmbH. All rights reserved.
http://dx.doi.org/10.1016/j.ijmm.2013.07.008

to the promoter of target genes, such as il-8 and ikba (Neish and
Naumann, 2011).

It has been shown that H. pylori-induced IL-8 release and NF-«kB
activity require a functionally active T4SS, but not CagA (Sharma
etal., 1998; Neu et al., 2002; Foryst-Ludwig et al., 2004; Hirata et al.,
2006; Schweitzer et al., 2010). The role of CagA in the regulation
of NF-kB activity and, therefore, in induction of the inflamma-
tory response, is still a subject of intense discussion (Backert and
Naumann, 2010). CagA-dependentrelease of IL-8 at late time points
has been shown previously (Brandt et al., 2005; Suzuki et al., 2009).
Further, it has been suggested that H. pylori CagA is required for
IkBa degradation and RelA activation (Lamb et al., 2009).

Our work shows, by studying in parallel different H. pylori strains
and their CagA-deficient mutants, that in contrast to the functional
T4SS, the CagA protein is dispensable for NF-kB activation at early
time points.

Materials and methods

Cell culture and bacteria

AGS (ATCC) cell line was maintained in RPMI 1640 medium (PAA
Laboratories) supplemented with 10% fetal bovine serum (FBS) and
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penicillin/streptomycin at 37° C in a humidified 5% CO, atmo-
sphere. Sixteen hours prior to stimulation, the cell medium was
replaced with antibiotics-free RPMI 1640 supplemented with 0.5%
FBS.

H. pylori strains P1 (wt, cagA, virB7) (Backert et al., 2000),
B128 (wt, cagA, virB10) (Rieder et al., 2005) and G27 (wt, cagA)
(Censini et al., 1996) were constructed as described previously and
plated onto GC agar supplemented with horse serum, vancomycin,
trimethoprim, nystatin and vitamins. The bacterial colonies grew
in standard microaerophilic conditions for 48-72 h, and then bac-
terial suspensions in PBS were prepared. H. pylori was added to AGS
cells at a multiplicity of infection of 100.

Recombinant human TNFa (R&D Systems) was used in a con-
centration of 10 ng/ml.

Immunoblots

Cell lysates were prepared with a modified RIPA buffer as
described previously (Sokolova et al.,2008). The lysates were boiled
with the Laemmli buffer for 5min, and equal amounts of protein
extracts were separated by SDS-PAGE and electrotransferred onto
Immobilon-P transfer polyvinylidene fluoride membranes (Milli-
pore). The blots were incubated with primary antibodies diluted
in 5% non-fat milk overnight at 4° C and subsequently with HRP-
conjugated anti-rabbit or anti-mouse secondary antibodies (Jack-
son ImmunoResearch Laboratories). Immunoblots were developed
using the enhanced chemiluminescence detection kit Amersham™
ECL™ (GE Healthcare). The following primary antibodies were
used: mouse anti-H. pylori flagellin (Acris GmbH), -CagA (Austral
Biologicals), -NF-kBp65 (BD Biosciences Pharmingen), -phospho-
IkBa (Ser32/36) (5A5) (Cell Signaling Technology Inc.), -GAPDH
(Millipore), and rabbit anti-IkBo: (44D4), -phospho-IkBB3(T19/S23),
-phospho-IkBe(S18/22), -phospho-NF-kB p65(S536), -phospho-
NF-kB p65(S276), -phospho-NF-kB p65(S468) (Cell Signaling
Technology Inc.).

Electrophoretic mobility shift assay (EMSA)

Nuclear extracts were prepared using a nonionic detergent
method as described (Naumann and Scheidereit, 1994). An
annealed oligonucleotide containing the Igk-binding site was
labeled using the T4 polynucleotide kinase in the presence of [y-
32p] dATP. The DNA-binding reaction was performed in 20 pl buffer
(2 pg poly(dI-dC), 1 wg BSA,5 mM DTT, 60 mM KCl, 10% glycerol and
20 mM HEPES, pH 8.4) for 20 min at 30° C. For the identification of
the proteins in the NF-kB heterodimer an anti-RelA antibody was
added to the lysate. The oligonucleotide/protein complexes were
separated by native electrophoresis using 5% polyacrylamide gel.
After drying, the gel was exposed to Amersham TM film (Amersham
Pharmacia Biotech) at —80 °C using an intensifying screen.

RNA isolation and RT-PCR

Total RNA was extracted with the RNeasy Plus Micro kit (Qia-
gen). cDNA was synthesized from 1 g of RNA using a random
hexamer primer and RevertAid™ First Strand cDNA Synthesis kit
(Fermentas). cDNA was amplified using SensiMix DNA kit (Quan-
tace) in the StepOne™ cycler (Applied Biosystems) as described
(Sokolova et al., 2008) using the following primers:

5'-AGATGTCAGTGCATAAAGACA-3’ (forward);

5'-TATGAATTCTCAGCCCTCTTCAAAAA.-3' (reverse) for IL-8; and
5'-TCCAAAATCAAGTGGGGCGATGCT-3' (forward);
5'-CCACCTGGTGCTCAGTGTGACCC-3' (reverse) for GAPDH.

Densitometric quantification

Quantification of proteins as fold changes of band intensities rel-
ative to non-stimulated cells (0 min control) was performed using
VersaDoc Imaging System and Quantity One software (Bio-Rad).
Local background subtraction was applied.

Statistical analysis

Statistical analysis of the results was performed using the Stu-
dent’s t-test. The data are expressed as the mean fold changes from a
triplicate + SEM with the value of the control arbitrarily normalized
to 1.

Results and discussion

In this study we investigated the impact of the T4SS and the
effector protein CagA from different H. pylori strains (P1, G27 and
B128) on NF-kB activation in AGS cells. A similar abundance of the
flagellin protein in lysates of infected cells indicated that bacte-
rial adherence of H. pylori P1 wt strain and its isogenic mutants
(cagA or virB7) to AGS cells was equal (Fig. 1A). The same num-
ber of bacteria of the isogenic strains exhibited similar amounts of
flagellin (Fig. 1B). Further, there was no difference in the amount
of CagA between the wt and VirB7-deficient bacteria (Fig. 1A and
B). The VirB7 protein is required for the assembly of the pilus-
like T4SS (Tanaka et al., 2003; Fischer, 2011). Infection with the
wt and cagA, but not with the virB7 strain led to transient phos-
phorylation of IkBa, IkB and IkBe. IkBa degradation was detected
within 15 min post infection (p.i.). De novo synthesized IkBa was
observed within 60 min p.i. Phosphorylation of IkBa was sustained
for the entire infection kinetics, whereas IkBf and IkBe phos-
phorylation was transient (Fig. 1A). Phosphorylation of IkBa on
two conserved residues S32 and S36 has been shown to promote
K48-linked ubiquitinylation of the protein at K21 and K22 by a
Skp1/Cull/F-box protein (SCF) cullin-RING ubiquitin-ligase (CRL)
leading to subsequent degradation of IkBa by the 26S proteasome
(Perkins, 2007). In many cells, nearly half of the cytosolic NF-kB
is sequestered by IkB3 and IkBe, which efficiently mask the NF-
kB nuclear localization sequence (Tam and Sen, 2001). We show
here for the first time that H. pylori induces phosphorylation of
IkBB and IkBe in AGS cells. Thus, phosphorylation of IkBf3 and
IkBe, which leads to their ubiquitinylation and degradation sim-
ilarly to IkBa, efficiently contributes to T4SS-dependent regulation
of NF-kB. Additionally, the wt and CagA-deficient H. pylori stim-
ulated multiple phosphorylations of RelA (S536, S468 and S276).
Phosphorylation of RelA at amino acids S536 and S468 was fast
(within 15 min), and phosphorylation at S276 was slightly delayed
(Fig. 1A). TNFaq, as a positive control, also induced phosphorylation
of RelA and IkBs (Fig. 1C). Nuclear translocation of NF-kB is accom-
panied by phosphorylation of RelA (Neumann and Naumann, 2007).
In H. pylori-infected cells, the phosphorylation of S276 and S468 in
RelA has not been previously described. Phosphorylation of RelA at
S$276,which enhances RelA binding to DNA and promotes transcrip-
tional activity by recruiting the co-activator CBP/p300, could be
directed by protein kinase A (PKA) and mitogen-activated protein
kinases (MAPK). PKA phosphorylates RelA most likely after its acti-
vation, which can explain a delayed phosphorylation at S276 upon
infection. Phosphorylation of S468 could be mediated by glycogen
synthase kinase 3 3 (GSK3), IKK[3 or IKKg, and the main activating
phosphorylation at S536 could be directed by a number of kinases
including IKKB (Neumann and Naumann, 2007).

H. pylori-induced IkB phosphorylation and IkBa degradation
allowed nuclear translocation and binding of NF-kB to promoter
elements. The wt and cagA strains induced strong binding of
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Fig. 1. H. pylori P1 regulates NF-kB/RelA and IkBs in a T4SS-dependent manner. Cells were infected with H. pylori P1 wt strain, the cagA or virB7 mutants, or were stimulated
as positive control with TNFa for the indicated periods of time. Immediately after inoculation of the bacteria, cell culture plates were centrifuged for 3 min to achieve an
equal settling of the wt and the mutants to the eukaryotic cells. (A and C) AGS cell lysates were analyzed by immunoblotting using antibodies against the indicated proteins.
Immunostaining of RelA and GAPDH were performed to show equal protein loading. As expected, CagA was detected only in lysates of the wt- and virB7-infected cells, but
not in lysates of the cagA-infected cells. Densitometric quantification is shown for RelA(S468) phosphorylation. (B) An equal number of bacteria of the P1 wt strain, the cagA or
virB7 mutants were lysed and analyzed by immunoblotting using antibodies against flagellin and CagA. (D) Nuclear extracts of H. pylori-infected AGS cells were prepared and
subjected to EMSA as described in Materials and methods. (E) Total RNA was isolated and IL-8 expression was analyzed by qRT-PCR. *P<0.01, compared with non-stimulated

cells, #¥P<0.01 compared with wt-stimulated cells.

NF-kB to an oligonucleotide containing the Igk-binding site
(Fig. 1D). We detected also weak NF-kB DNA binding by the virB7
strain at 180 min (Fig. 1D), which was consistent with the phos-
phorylation of IkBa and RelA(S276) at 180 min (Fig. 1A). A further
increase of NF-kB activity after 180 min was not observed (data not
shown). We think that unknown cellular processes induced by H.
pylori in a T4SS-independent manner could lead to a weak activa-
tion of NF-kB. It would be interesting to investigate this issue in
future work. H. pylori-induced NF-kB binding to DNA was reduced
when nuclear extracts were incubated with an anti-RelA antibody,
whereas a preimmune serum (IgG) did not show the reduction,
indicating that the nuclear NF-kB heterodimer contained RelA

(Fig. 1D). Further, stimulation of AGS cells with TNF« or infection
with H. pylori wt or the cagA, but not with the virB7 mutant led to
a strong accumulation of IL-8 mRNA following the NF-kB-driven
induction of the IL-8 gene promoter with a maximal effect within
90 min (Fig. 1E). Thus, a functionally intact T4SS, but not CagA is
required for H. pylori-induced IL-8 mRNA production at early time
points.

A CagA-deficient mutant of the B128 strain was as potent as
the wt B128 strain in inducing phosphorylation and degradation of
IkBa, and phosphorylation of RelA (S276 and S536) in AGS cells. In
contrast to the cagA strain, the mutant virB10 strain deficient in the
T4SS core protein VirB10 did not influence IkBa stability and RelA
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Fig. 2. T4SS-dependent regulation of NF-kB/RelA and IkBs by H. pylori B128 and G27 strains. (A and B) AGS cells were infected with different H. pylori wt strains and mutants
as indicated, and cell lysates were prepared at the indicated periods of time. Cell lysates were analyzed by immunoblotting using the antibodies against the indicated proteins.
Immunostainings of RelA and GAPDH were performed to show equal protein loading. (C) Nuclear extracts of H. pylori G27-infected AGS cells were prepared and subjected

to EMSA as described in Materials and methods.

phosphorylation (Fig. 2A), indicating that the integrity of the T4SS
is required for activation of NF-kB. In addition, heat-inactivated
bacteria were not capable to induce IkBa phosphorylation (data
not shown) indicating that the viability of H. pylori is a prerequisite
for NF-kB activation in epithelial cells.

Further, H. pylori strain G27 wt and its isogenic CagA-deficient
mutant induced degradation and phosphorylation of IkBa, as well
as a strong transient increase of RelA phosphorylation (S276 and
S$536) in AGS cells (Fig. 2B). The wt and cagA G27 strains stimu-
lated formation of RelA-DNA complexes in the nucleus (Fig. 2C),
which has been shown previously by Neu et al. (2002). In contrast
to these data, Lamb et al. (2009) have suggested that NF-kB is not
activated by the CagA-deficient mutant of the G27 strain. Based on
the data by Neu et al. (2002) and our data using three different
cagA-deficient H. pylori mutants (including the G27 strain), which
rapidly activate NF-«kB similar to the wt strains favor that the T4SS,
but not CagA is required for H. pylori-induced NF-kB activation at
early time points. Additional work regarding the identification of
regulatory factors further upstream in NF-«kB signaling may help to
resolve the discrepancy in published data.

Acknowledgements

We thank K. Guillemin for G27 and R. Haas for B128 strains of
H. pylori. The work was supported in part by the German Research
Foundation (SFB854 TP4 and GRK1167) by grants to M.N.

References

Backert, S., Ziska, E., Brinkmann, V., Zimny-Arndt, U., Fauconnier, A., Jungblut, P.R,,
Naumann, M., Meyer, T.F., 2000. Translocation of the Helicobacter pylori CagA
protein in gastric epithelial cells by a type IV secretion apparatus. Cell. Microbiol.
2,155-164.

Backert, S., Naumann, M., 2010. What a disorder: pro-inflammatory signaling path-
ways induced by Helicobacter pylori. Trends Microbiol. 18, 479-486.

Brandt, S., Kwok, T., Hartig, R., Kénig, W., Backert, S., 2005. NF-kappaB activation
and potentiation of proinflammatory responses by the Helicobacter pylori CagA
protein. Proc. Natl. Acad. Sci. USA 102, 9300-9305.

Censini, S., Lange, C., Xiang, Z., Crabtree, J.E., Ghiara, P., Borodovsky, M., Rappuoli, R.,
Covacci, A., 1996. cag, a pathogenicity island of Helicobacter pylori, encodes type
I-specific and disease-associated virulence factors. Proc. Natl. Acad. Sci. USA 93,
14648-14653.

Fischer, W., 2011. Assembly and molecular mode of action of the Helicobacter pylori
Cag type IV secretion apparatus. FASEB J. 278, 1203-2112.

Foryst-Ludwig, A., Naumann, M., 2000. p21-activated kinase 1 activates the
nuclear factor kB (NF-kB)-inducing kinase-IkB kinases NF-kB pathway and
proinflammatory cytokines in Helicobacter pylori infection. J. Biol. Chem. 275,
39779-39785.

Foryst-Ludwig, A., Neumann, M., Schneider-Brachert, W., Naumann, M., 2004. Cur-
cumin blocks NF-kB and the motogenic response in Helicobacter pylori-infected
epithelial cells. Biochem. Biophys. Res. Commun. 316, 1065-1072.

Gerhard, M., Rad, R,, Prinz, C., Naumann, M., 2002. Pathogenesis of Helicobacter pylori
infection. Helicobacter 7 (Suppl. 1), 17-23.

Hirata, Y., Maeda, S., Ohmae, T., Shibata, W., Yanai, A., Ogura, K., Yoshida, H., Kawabe,
T., Omata, M., 2006. Helicobacter pylori induces I(B kinase « nuclear transloca-
tion and chemokine production in gastric epithelial cells. Infect. Immun. 74,
1452-1461.

Lamb, A, Yang, X.D., Tsang, Y.H., Li, J.D., Higashi, H., Hatakeyama, M., Peek, R.M.,
Blanke, S.R., Chen, L.F., 2009. Helicobacter pylori CagA activates NF-kappaB
by targeting TAK1 for TRAF6-mediated Lys 63 ubiquitination. EMBO Rep. 10,
1242-1249.


http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0005
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0010
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0015
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0020
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0025
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0030
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0035
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0040
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0040
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0040
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0040
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0040
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0040
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0040
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0040
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0040
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0040
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0040
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0040
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0045
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0050

552 0. Sokolova et al. / International Journal of Medical Microbiology 303 (2013) 548-552

McLean, M.H., EI-Omar, E.M., 2011. Genetics of inflammation in the gastrointestinal
tract and how it can cause cancer. Recent Results Cancer Res. 185, 173-183.
Naumann, M., Scheidereit, C., 1994. Activation of NF-kB/rel-proteins in vivo is reg-

ulated by multiple phosphorylations. EMBO ]. 13, 4597-4607.

Neish, A., Naumann, M., 2011. Microbial-induced immunomodulation by targeting
the NF-Kb system. Trends Microbiol. 19, 596-605.

Neu, B., Randlkofer, P., Neuhofer, M., Voland, P., Maerhofer, P., Gerhard, M., Schepp,
W., Prinz, C., 2002. Helicobacter pylori induces apoptosis of rat gastric parietal
cells. Physiol. Gastrointest. Liver Physiol. 283, G309-G318.

Neumann, M., Naumann, M., 2007. Beyond IkBs: alternative regulation of NF-kB
activity. FASEB J. 21, 2642-2654.

Perkins, N.D., 2007. Integrating cell-signalling pathways with NF-kappaB and IKK
function. Nat. Rev. Mol. Cell Biol. 8, 49-62.

Rieder, G., Merchant, J.L., Haas, R., 2005. H. pylori cag-Type IV secretion system
facilitates corpus colonization to induce precancerous conditions in Mongolian
Gerbil. Gastroenterology 128, 1229-1242.

Schweitzer, K., Sokolova, O., Bozko, P.M., Naumann, M., 2010. Helicobacter pylori
induces NF-«kB independent of CagA. EMBO Rep. 11, 10-11.

Sharma, S.A., Tummuru, M.K.,, Blaser, M.]., Kerr, L.D., 1998. Activation of IL-8 gene
expression by Helicobacter pylori is regulated by transcription factor nuclear
factor-kappa B in gastric epithelial cells. J. Immunol. 160, 2401-2407.

Sokolova, O., Bozko, P.M., Naumann, M., 2008. Helicobacter pylori suppresses GSK3[3;
to promote b-catenin activity. J. Biol. Chem. 283, 29367-29374.

Suzuki, M., Mimuro, H., Kiga, K., Fukumatsu, M., Ishijima, N., Morikawa, H., Nagai, S.,
Koyasu, S., Gilman, R.H., Kersulyte, D., Berg, D.E., Sasakawa, C., 2009. Helicobac-
ter pylori CagA phosphorylation-independent function in epithelial proliferation
and inflammation. Cell Host Microbe 5, 23-34.

Tam, W.F., Sen, R., 2001. [kappaB family members function by different mechanisms.
J. Biol. Chem. 276, 7701-7704.

Tanaka, J., Suzuki, T., Mimuro, H., Sasakawa, C., 2003. Structural definition on the
surface of Helicobacter pylori type IV secretion apparatus. Cell. Microbiol. 5,
395-404.


http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0055
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0060
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0065
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0065
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0065
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0065
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0065
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0065
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0065
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0065
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0065
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0065
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0065
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0065
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0065
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0070
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0075
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0080
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0085
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0090
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0095
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0100
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0105
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0110
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0110
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0110
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0110
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0110
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0110
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0110
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0110
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0110
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0110
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0110
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0110
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0110
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0110
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115
http://refhub.elsevier.com/S1438-4221(13)00104-5/sbref0115

	Helicobacter pylori induces type 4 secretion system-dependent, but CagA-independent activation of IκBs and NF-κB/RelA at e...
	Introduction
	Materials and methods
	Cell culture and bacteria
	Immunoblots
	Electrophoretic mobility shift assay (EMSA)
	RNA isolation and RT-PCR
	Densitometric quantification
	Statistical analysis

	Results and discussion
	Acknowledgements
	References


