
dehydrogenase, a four-fold increase in permeability to 
[3H] mannitol, and ultrastructural disruption of tight 
junctions, with rounding and lifting of cells off the 
filter membrane. Synthesis of interleukin (IL)-8 and 
prostaglandin E2 was increased with strains that invaded 
the monolayer but not with those that did not.
CONCLUSION: These data demonstrate two distinct 
effects of C. jejuni  on colonic epithelial cells and 
provide an informative model for further investigation 
of initial host cell responses to C. jejuni .

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Campylobacters are small (1.5-6.0 μm long and 0.2-0.5 
μm wide) Gram-negative spiral rods. Campylobacter  
jejuni (C. jejuni), a foodborne organism contracted from 
untreated water, milk and meat, especially chicken, is 
one of  the most important causes of  bacterial diarrhea 
worldwide[1-4]. The clinical spectrum ranges from non-
inflammatory watery diarrhea to an acute entero-colitis 
with neutrophilic invasion of  the mucosa and bloody 
diarrhea mimicking ulcerative colitis.

Much work has been conducted on laboratory strains 
such as NCT11168, which has been completely geno-
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Abstract
AIM: To study the mechanisms by which Campylobacter 
jejuni  (C. jejuni ) causes inflammation and diarrhea. In 
particular, direct interactions with intestinal epithelial 
cells and effects on barrier function are poorly under-
stood.
METHODS: To model the initial pathogenic effects of  
C. jejuni  on intestinal epithelium, polarized human 
colonic HCA-7 monolayers were grown on permeabilized 
filters and infected apically with clinical isolates of 
C. jejuni . Integrity of the monolayer was monitored 
by changes in monolayer resistance, release of 
lactate dehydrogenase, mannitol fluxes and electron 
microscopy. Invasion of HCA-7 cells was assessed by 
a modified gentamicin protection assay, translocation 
by counting colony forming units in the basal chamber, 
stimulation of mediator release by immunoassays 
and secretory responses in monolayers stimulated by 
bradykinin in an Ussing chamber.
RESULTS: All strains translocated across monolayers 
but only a minority invaded HCA-7 cells. Strains that 
invaded HCA-7 cells destroyed monolayer resistance 
over 6 h, accompanied by increased release of lactate 
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typed. This has allowed a number of  virulence factors 
to be identified, including a number of  flagellar proteins, 
which not only enable chemotaxis towards mucus and 
amino acids and epithelial cell invasion[5-7], but also fa-
cilitate secretion of  non-flagellar virulence proteins[6], 
O-linked glycosylation, which is required for optimal fla-
gella function[7], proteins secreted via flagella that result 
in epithelial cell invasion and apoptosis[8-10], a cytolethal 
distending toxin (CLDT)[11] with DNAse activity[12], as-
sociated with apoptosis[13] and secretion of  interleukin 
(IL)-8 and other chemokines[14,15] and a lipo-oligosaccha-
ride that resembles human neuronal gangliosides, which 
may pre-dispose to autoimmune phenomena such as 
Guillain-Barre syndrome[16].

Clinical isolates vary in the extent to which they ex-
press these virulence factors. C. jejuni display heterogene-
ity in its ability to invade cells of  the intestinal epithelial 
layer[17-21]. Estimates of  the proportion of  clinical isolates 
that are characterized by toxin production range from 
12% to 100%[22]. Cell death may occur by a variety of  
mechanisms, not all involving CLDT[23]. Release of  che-
mokines such as IL-8 seems to occur by CLDT-depen-
dent and independent mechanisms[14], and it is unclear 
how far inflammatory responses to C. jejuni infection, 
such as secretion of  chemokines, correlate with reported 
differences in the ability of  the bacteria to invade epithe-
lial cells, or how much this is due to responses of  cells in 
the lamina propria, such as macrophages. Similarly, the 
extent to which secretory responses by epithelial cells 
can maintain a secretory diarrhea, which is characteris-
tic particularly of  childhood infection, is also unclear. 
One possibility is that C. jejuni induces synthesis of  pro-
secretory compounds such as prostaglandins directly in 
epithelial cells[24-27]. An earlier study that failed to show 
this might have been flawed because it used CaCo2 cells, 
which do not readily express cyclo-oxygenases (COXs) 
or synthesize prostaglandins[28].

In order to investigate the direct effects of  C. jejuni 
on colonic epithelial function in vitro, we therefore ex-
posed the well-differentiated colonocyte line HCA-7, 
clone 29 to a panel of  primary clinical isolates. Our data 
suggest two distinct patterns of  interaction between  
C. jejuni and colonic epithelium, with a minority of  
strains invading colonic epithelial cells, which causes bar-
rier destruction and induces elaboration of  potentially 
pro-inflammatory mediators.

MATERIALS AND METHODS
Bacterial strains
Nineteen consecutive C. jejuni clinical strains from 
community patients with acute bacterial enteritis were 
isolated and characterized by the Laboratory of  Public 
Health, University Hospital, Nottingham, UK. Of  these, 
three fresh clinical isolates (strains 2801055, 2102011 
and 1702030) were used for detailed studies along with 
the laboratory strain 12189 (a kind gift from Dr. J Ket-
ley), originally isolated from a patient with diarrhea and 
passaged several times in the laboratory[28]. Strains were 
grown microaerobically for 48 h on chocolate agar plates 

prior to inoculation into tissue culture flasks containing 
liquid medium (RPMI 1640 supplemented with 4% Iso-
sensitest broth and 5% FCS) (Sigma, UK). A stock of  
the original isolates was aliquoted and frozen at -80℃. 
For study of  bacterial-epithelial cell interactions, bacte-
ria were resuspended in 4% Isosensitest broth with 5% 
FCS. After static microaerobic incubation for 24 h, bac-
teria were pelleted, washed and resuspended in PBS.

The bacteria were diluted in Dulbecco’s modified 
Eagle’s medium (DMEM) (Sigma, UK) to different 
concentrations (105-108 bacteria/mL). Determination 
of  the number of  bacteria was standardized by optical 
density at a wavelength of  570 nm. Growth curves for 
the different strains and titration and culture of  serial 
dilutions was used to establish the number of  bacteria in 
culture. This was done by incubating the different strains 
grown on a chocolate agar plates in Isosensitest broth 
(5% FCS) overnight. After centrifugation (7000 r/min, 
5 min) and washing in PBS, bacteria were resuspended 
in 1 mL PBS, and serial diluted. Each dilution was mea-
sured in a spectrophotometer at a wavelength of  540 
nm. Each sample was then serially diluted in a 96-well 
plate and dilutions incubated on chocolate agar plates. 
After overnight growth, bacterial colonies were counted 
and plotted against absorbance. The results were used to 
establish bacterial numbers before incubating epithelial 
cells.

Cell culture
Tumor-derived colonic epithelial cells, HCA-7, colony 29 (a 
kind gift from Susan Kirkland) were cultured as described 
previously[29]. Briefly, cells were grown in DMEM with 
10% FCS, glutamine (0.29 mg/mL), ampicillin (8 μg/mL), 
penicillin (40 μg/mL), streptomycin (368 μg/mL) and 
non-essential amino acids in an atmosphere of  5% CO2 at 
37℃. For studies of  bacterial cell interactions, normal me-
dium was replaced with antibiotic-free medium for at least 
24 h. Tests for mycoplasma contamination were not per-
formed. For electrophysiological studies, cells (105 cells/
membrane) were seeded on Snapwell or Transwell filters 
(polycarbonate membrane, pore size 0.45 μm, surface area 
1 cm2; Costar UK Ltd) and formed confluent monolayers 
within 8-10 d, as assessed by an epithelial volt-ohmmeter 
(EVOM; World Precision Instruments, Stevenage, UK)[29].

Effect of C. jejuni on barrier function
Bacteria were grown and added to the apical side of  
monolayers grown on Transwell or Snapwell filters at 
a concentration of  104-108 bacteria/monolayer. Tran-
sepithelial resistance was measured with an EVOM at 
various timepoints up to 24 h after inoculation with 
different concentrations of  bacteria. These data were 
supported by detailed studies of  filter-grown monolayers 
voltage-clamped in Ussing chambers (World Precision 
Instruments) and by assessment of  [3H] mannitol flux[26].

Ussing chamber studies
Confluent HCA-7 cell monolayers were inoculated 
on the apical side with varying amounts of  strains of   
C. jejuni. After different time periods, filters were 
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placed in an Ussing chamber and voltage-clamped by 
continuous application of  a short circuit current (SCC)[30]. 
Resistance (Ω cm2) was measured under basal conditions 
and the change in short circuit current (∆SCC μA/cm2) 
after basolateral stimulation by bradykinin (10-6 mol/L), 
and finally after similar stimulation by carbachol (10-4 
mol/L).

Invasion assay
Invasion of  epithelial cells was investigated using a 
gentamicin invasion assay[18]. Bacteria were grown in 4% 
Isosensitest broth and 5% FCS. After static microaerobic 
incubation for 24 h, bacteria were pelleted, washed and 
resuspended in PBS. Bacterial number was assessed 
spectrophotometrically and 106 organisms added to the 
cell monolayer. Infected monolayers were incubated 
for up to 6 h at 37℃, washed and covered with tissue 
culture medium containing gentamicin (100 μg/mL). 
After 90 min, the integrity of  the monolayer was checked 
microscopically, then washed in PBS and flooded with 
1 mL 10 mL/L Triton X-100 for 5 min, to release 
intracellular bacteria. Dilutions and viable counts were 
made of  the bacteria within the lysed monolayer. Positive 
control was a Yersinia enterocolitica invasive strain 8081c, 
and the negative control was Escherichia coli non-invasive 
strain HB101. When it became clear that monolayer 
destruction occurred with some bacteria, we modified 
the assay to correct for the number of  remaining cells per 
monolayer. We calculated the number of  cells remaining 
per monolayer by using a hemocytometer, before lysing to 
obtain counts of  intracellular protected bacteria. 

Lactate dehydrogenase (LDH) release 
HCA-7 cells were incubated with C. jejuni for 4 h. Me-
dia from the apical reservoir of  bacterium-exposed and 
control monolayers were then collected and analyzed for 
spontaneous LDH using a colometric assay (Sigma)[31]. 
In addition, total intracellular LDH concentration from 
HCA-7 cells was determined by addition of  1 mL 0.1% 
Triton X-100 to wells of  bacterium-exposed and control 
monolayers. After vigorous pipetting to ensure lysis of  
all cells, the homogenate was then collected from each 
well and was also assayed for LDH.

[3H] mannitol flux
Mannitol flux studies were performed in an Ussing 
chamber[32]. Mannitol (final concentration 5 mmol/L) 
was added to both sides of  the monolayer in Krebs solu-
tion. After equilibration of  the epithelial monolayer, [3H] 
mannitol (1 μCi/mL) was added to the apical side. Ra-
dioactivity was counted on samples from the basolateral 
compartment at 15-min intervals for 60 min. Basolateral 
chamber volume was maintained by replacing the sample 
aliquot with an equal volume of  fresh Krebs buffer. 
Apical to basolateral flux, expressed as mol·h/cm2, was 
calculated by relating the accumulation of  tritium in the 
basolateral chamber compared to the apical.

Electron microscopy (EM)
Filters with HCA-7 cells inoculated with 107 bacteria for 

6 h where fixed by immersion in 2.5% glutaraldehyde (in 
0.1 mol/L cacodylate buffer, pH 7.4). Subsequent pro-
cessing was performed as described previously[25].

Bacterial translocation
Translocation was measured by inoculating the apical 
side of  monolayers with 107 bacteria/0.5 mL. Medium 
from the basolateral compartment was collected after 2, 
4, 6 and 8 h inoculation, diluted 10-fold and cultured on 
agar plates[33,34]. After each collection, membranes were 
transferred to fresh wells to establish the number of  
bacteria translocating over each 2-h period. The number 
of  bacteria was established by counting colony-forming 
units at each time interval to establish the total number 
of  bacteria translocated. Colony forming units where 
counted after microaerophilic incubation for 24 h to as-
sess the time course of  bacterial translocation.

IL-8 measurement
Level of  IL-8 in the basolateral supernatant after 6 h 
incubation with different strains of  C. jejuni and of  
control monolayers was measured using a quantitative 
ELISA[14] (Amersham, UK). Samples were pipetted into 
wells coated with specific antibody for IL-8, followed 
by incubation with a biotinilated antibody reagent. After 
extensive washing, a streptavidin-horseradish peroxidase 
conjugate was added and developed with 3,3',5,5'- 
tetramethylbenzidine substrate. After terminating the 
reaction, the optical density was read at 450 nm. Detection 
level was 25-1000 pg/mL.

PGE2 measurement
Aliquots of  supernatant were prepared in the same 
way as for IL-8 release. PGE2 levels were measured by 
ELISA (Amersham), based on competition between 
unlabeled PGE2 and a fixed quantity of  peroxidase-
labeled PGE2 for a limited amount of  PGE2-specific 
antibody[35].

Statistical analysis
Analysis of  variance was used in experiments where time 
or dose was varied, to investigate the influence of  cellu-
lar invasive and non-invasive bacteria and the interaction 
with time. For simple comparisons, unpaired t tests were 
used. P < 0.05 was considered statistically significant. 
Statistical analysis was performed using PRISM (Graph-
pad, San Diego, CA, USA) or Statistical Package for the 
Social Sciences (SPSS, Chicago, IL, USA).

RESULTS
Transepithelial resistance
Fourteen of  the 19 clinical strains tested, as well as the 
laboratory isolate 12189 had no effect on transepithelial 
resistance up to 24 h. In contrast, the other five fresh clini-
cal isolates abrogated monolayer resistance entirely by 6 h.  
These differences did not correlate with rates of  translo-
cation. Detailed studies, with strain 2801055 which abro-
gated transepithelial resistance, showed that decrease in 
transepithelial resistance varied with bacterial load and was 
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time dependent, starting after 2 h of  inoculation with 108 
bacteria/0.5 mL (Figure 1). With strains 12189 or 2102011, 
no changes were seen at any time with any of  the bacterial 
loads inoculated (Figure 1). Measurements in Ussing cham-
bers mirrored those obtained with the EVOM with the 
different strain types. There was no significant difference in 
electrical resistance in monolayers infected with the strains 
12189 and 2102011 at 4 and 8 h. However, strain 2801055 
showed a time-dependent decrease in transepithelial resis-
tance, with resistance falling to 71.3% and 17.7% of  con-
trol at 4 and 8 h respectively (P < 0.05 vs control at 8 h).

Invasion of epithelial cells by C. jejuni
The standard gentamicin protection assay showed 
that 1.15% ± 0.05% of  the positive control strain Y. 
enterocolitica invaded HCA-7 cells vs 0.0005% with the 
negative control strain E. coli HB101. Overall, C. jejuni 
showed levels of  HCA-7 invasion that were intermediate 
between these values. Analysis of  variance showed that 
the total number of  C. jejuni per monolayer was higher for 
those that abrogated monolayer resistance compared to 
those that did not (P = 0.033), and that this increased with 

time (P = 0.02). When the number of  bacteria was related 
to the number of  HCA7 cells remaining in the monolayer 
at the time of  assessment, there was a substantial and 
highly significant difference between strains that destroyed 
and did not destroy the monolayer (Figure 2).

LDH release
LDH release from monolayers inoculated with the cell-
invasive strain 2801055 was significantly increased after 
24 h compared to inoculation with the non-invasive 
strains 12189 and 210211 (n = 4 per experiment, P < 
0.05). LDH release with these strains did not differ from 
that seen with uninfected monolayers (Figure 3A). 

Transepithelial mannitol flux
Cumulative flux data show that strains 12189 and 210211 
did not change the flux of  [3H] mannitol, which indicat-
ed an intact paracellular resistance, whilst strain 2801055 
increased the flux significantly (Figure 3B).

EM studies
In keeping with electrophysiological results, strains 12189 
and 2102011 did not affect cellular morphology (Figure 
4A and B). Monolayers infected with these strains showed 
close cell-to-cell contact, but bacteria were occasionally 
located in the pores of  the filter membrane (Figure 4C). 
In contrast, strain 2801055 showed marked cellular and 
tight junction destruction at 6 h (Figure 4D). There was 
cell rounding and condensation of  the plasma membrane 
(Figure 4E). In addition, cells were lifted off  the filter 
membrane and multiple bacteria were seen between epi-
thelial cells and the filter (Figure 4E and F). 

Bacterial translocation
All strains tested translocated across the monolayer to 
become detectable after 2 h, with no obvious inter-strain 
differences. 
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Figure 1  Time course and dose-response of changes in transepithelial 
resistance after inoculation of T84 cells with three different strains of C 
jejuni. A: Strain 2801055 reduced resistance to baseline over 6 h in a time- 
and dose-dependent manner [data are mean ± SE, n = 3 for each bacterial 
concentration; P < 0.05 compared with controls (uninfected monolayers)]. 
Baseline resistance across the filter membrane was 100 Ω.cm2; B: Strain 12189 
had no effect on resistance across the monolayer; C: Strain 2102011 had no 
effect on resistance across the monolayer.

3.23

121 89/2102011

2801055

0.3

0.2

0.1

0.0

Ba
ct

er
ia

 p
er

 c
el

l

         1	        2	      3	    4	   6

	                      t /h

Figure 2  Invasion of monolayers of HCA-7 cells determined by a gentamicin 
protection assay, corrected for the number of cells remaining per 
monolayer. C. jejuni strain 2801055 invaded the cells of the monolayer in a time-
dependent manner, while strains 12189 and 2102011 showed no cellular invasion. 
Data are mean ± SE, n = 4. Analysis of variance showed that the total number of 
C. jejuni per monolayer was higher for those strains that abrogated transepithelial 
resistance compared to those that did not (P = 0.033), and that this increased with 
time (P = 0.02).
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IL-8 production
IL-8 release from HCA-7 monolayers increased in 
response to inoculation with the invasive strain 2801055, 
whereas IL-8 release with the non-invasive strains 12189 
and 210211 was not significantly different from that seen 
in uninfected monolayers (Figure 3C).

PGE2 release 
There was a two-fold rise in PGE2 released after inocu-
lation with the invasive strain 2801055 (n = 4, P < 0.05). 
By contrast, PGE2 levels for strains 12189 and 2102011 
were similar to spontaneous PGE2 production in con-
trol monolayers (Figure 3D). 

Bradykinin- and carbachol-induced secretion
Bradykinin 10-6 mol/L administered basolaterally in-

duced a ∆SCC of  19.83 ± 3.25 μAmp/cm2. ∆SCC 
responses to bradykinin were significantly enhanced by 
30% compared with control (uninfected) monolayers at 
4 h (n = 4, P < 0.05 for all 3 strains Figure 5A), but were 
lost at later time points, when there was a significant re-
duction with strain 2801055. The early increase was not 
seen in response to carbachol (Figure 5B), and at 8 h was 
significantly decreased with strains 2801055 and 2102011 
(n = 4, P < 0.05).

DISCUSSION
In this study, we showed two distinct patterns of  interac-
tion between clinical isolates of  C. jejuni and a colonic 
epithelial cell line. Strains that invaded epithelial cells were 
shown to destroy them, as demonstrated by a fall in tran-
sepithelial resistance and release of  LDH. These processes 
were accompanied by release of  IL-8 and PGE2. Strains 
that did not invade epithelial cells did not affect barrier 
properties or increase mediator production. 

Translocation to the lamina propria[2,33] and a conse-
quent interaction between bacterial antigens and antigen 
presenting cells, immunocytes and macrophages in the 
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other two strains, which were similar to control values; D: Strain 2801055 showed 
a significantly higher PGE2 release after 4 h (aP < 0.05) incubation compared to 
the other two strains, which were similar to control values. 

Figure 4  Comparison of the effects of strains 12189 and 2801055 on 
transmission electron micrograph appearance of monolayers of HCA-7 
cells. A: Following inoculation of strain 12189, 107 bacteria/0.5 mL, on the 
apical side for 6 h, there was no disruption of monolayer integrity; B: There were 
normal tight junctions and normal apical microvilli; C: Close cell-to-cell contact 
is seen with occasional bacteria located in the pores of the filter membrane; D: 
Following inoculation of strain 12189, 107 bacteria/0.5 mL, on the apical side 
for 6 h, monolayer integrity was compromised with disruption of tight junctions; 
E: Monolayers showed condensation of the plasma membrane with lifting and 
rounding of cells off the supporting membrane. C. jejuni are also seen beneath 
a cell which is lifting off the membrane; F: Changes are seen at higher power. 
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lamina propria[36], is likely also to result in production of  
cytokines and chemokines. However our data show that 
epithelial cells can themselves be a source of  mediators 
that could influence inflammatory and secretory pro-
cesses in the case of  strains that invade epithelial cells.

Although a paracellular route has been invoked to 
explain the ability of  C. jejuni to invade the mucosa and 
achieve systemic infection, intracellular bacteria have been 
reported and a paracellular route of  invasion inferred[37]. 
Using a modified gentamicin protection assay that allows 
for cell death, we were able to confirm cellular invasion by 
C. jejuni, and showed that this was associated with cytotox-
icity and elaboration of  pro-inflammatory and pro-secre-
tory molecules. As yet it is uncertain whether intracellular 
invasion directly causes the associated release of  IL-8 
and PGE2, or whether this is a secondary consequence 
of  cell death. A direct specific effect is possible since we 
have reported that IL-8 synthesis and PGE2 release from 
epithelial monolayers also occur in response to treatment 
with a boiled cell-free extract of  C. jejuni[38], with induction 
of  COX-2[39] and activation of   nuclear factor-κB (NF-κB) 
and other relevant signaling pathways[40]. 

Enhanced release of  IL-8 and other chemokines 
would play an important role in chemoattraction of  neu-
trophils that characterizes some clinical infections with 
C. jejuni. Whether the increased prostaglandin synthesis 
that we observed with cellular invasion is sufficient un-

der some circumstances to induce secretory diarrhea is 
more difficult to evaluate. We showed an early increase 
in bradykinin-induced secretion, as indicated by changes 
in SCC, with all strains tested, including non-invasive 
strains that did not stimulate prostaglandin synthesis. 
This increase in bradykinin-induced chloride secre-
tion may therefore occur by prostaglandin-independent 
mechanisms. Direct epithelial action, via cAMP, cGMP, 
calcium mobilization, or induction of  galanin or induc-
ible nitric oxide are alternative mechanisms that are ac-
tivated directly by bacterial enterotoxins or via signaling 
mechanisms that include NF-κB, which we and others 
have shown are upregulated by components of  C. jeju-
ni[24-27,40-43]. Destruction of  the monolayer by strains that 
did invade epithelial cells and stimulate prostaglandin 
synthesis makes it difficult to evaluate whether enhanced 
prostaglandin synthesis by epithelial cells contributed to 
secretory diarrhea in these cases. 

Campylobacter, like Salmonella, Yersinia, Shigella and Lis-
teria, is an organism capable of  translocation, as demon-
strated by the current and previous monolayer studies 
and clinical features that include septicemia, Guillain-
Barre syndrome and meningitis[16,33,34,41]. Previous studies 
have left unclear whether the main route is transcellular or 
paracellular. Both have been described. Our data suggest 
the translocation across the monolayer is common since 
all of  the 19 clinical strains isolated from patients and 
one laboratory strain showed this property, regardless of  
whether they invaded epithelial cells and/or destroyed the 
monolayer. This suggests a dominant paracellular route 
of  translocation, which is supported by our EM observa-
tions, which showed bacteria in the paracellular space. 
This appeared to occur efficiently, as judged by the rate 
of  accumulation of  bacteria on the basolateral side, and 
without gross disruption of  tight or adherence junctions, 
as judged by the unchanged transepithelial resistance and 
mannitol permeability, seen with strains that translocated 
without epithelial cell invasion. 

In the case of  bacteria that invaded and destroyed 
the epithelial monolayer, translocation could be a crude 
consequence of  its destruction, although bacteria that 
destroyed the monolayer did not appear to translocate 
faster than those that did not. Translocation results 
may differ according to the cell type used for epithelial 
monolayers. In previous studies that used differentiated 
CaCo2 cells, cellular invasion was not accompanied by 
the complete abrogation of  monolayer resistance seen 
in our study and not all strains translocated[34]. We chose 
to use HCA7 cells in preference to CaCo2 cells because 
they have a differentiated large rather than small bowel 
phenotype and because they are capable of  expressing 
COX-2 under induction conditions. Our data suggest 
that this is an informative model and cell line to study 
disease pathogenesis and signaling mechanisms[40].

COMMENTS
Background
Campylobacter jejuni (C. jejuni) is the commonest cause of bacterial diarrhea 
worldwide but its mode of pathogenesis is not clear.
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Figure 5  ΔSCC after stimulation with bradykinin (10-6 mol/L) and carbachol 
(10-4 mol/L) in monolayers inoculated with different strains of C. jejuni. 
Data are mean ± SE (n = 4) and are shown as percentage of control. A: 
Reduced chloride secretory response (represented by SCC) to bradykinin after 
8 h inoculation with strain 2801055. aP < 0.05; B: Reduced chloride secretory 
response to carbachol after 8 h inoculation with strains 2801055 and 2102011. aP 
< 0.05.
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Research frontiers
Since this work was done, the Campylobacter genome has been sequenced. 
Work following from the current study has investigated gene expression and 
has shown that chemokines play a central role.
Innovations and breakthroughs
The paper underlines the importance of allowing for cell destruction when do-
ing gentamicin assays. Unlike many previous studies, this one used clinical 
isolates, which showed that there were two distinct patterns for the effect of C. 
jejuni on colonic epithelial cells. The cells themselves have the capacity to gen-
erate chemoattractant molecules, without necessary involvement of immune 
and other cells in the lamina propria. 
Applications
Showing that Campylobacter spp. are cell invasive and stimulate production of 
chemoattractant mediators points to possible targets for treatment.
Terminology
Ussing chamber: Monolayers are grown on a permeable filter. When cells form 
tight junctions they cause resistance to an electrical current passed through the 
monolayer.
Peer review
The majority of previous studies regarding C. jejuni have been performed using 
a laboratory strain NCT11168. This manuscript is considered to contain attrac-
tive information for enhancing the understanding the mechanism of C. jejuni 
infection. It’s an interesting paper.
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