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of cytokine genes in INT-407 cells
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Objectives: To examine the kinetic ability of embryonic
human epithelial INT-407 cells to express messenger
ribonucleic acid (mRNA) for various cytokines and
chemokines in response to Campylobacter jejuni (C.
Jjejuni) stimulation.
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Methods: In an experimental single-blind study, cultured
embryonic human epithelial INT-407 cells were treated
with different concentrations of viable C. jejuni, its
sonicated, and filtered supernatant. A modified non-
radioactive in situ hybridization using probe cocktails was
used to measure mRNA levels for the pro-inflammatory
cytokines interleukin (IL)-1f, IL-6, interferon-gamma
(IFN-y), tumour necrosis factor (TNF)-a,, transforming
growth factor (TGF)-f1, and IL-8, and the anti-
inflammatory cytokines, IL-4 and IL-10. The study
was carried out from September 2005 to March 2007
at the Department of Microbiology, Immunology, and
Infectious Diseases, College of Medicine, Arabian Gulf
University, Bahrain.

Results: Viable C. jejuni, sonicated bacteria and filtered
supernatant induced high mRNA expression for the
pro-inflammatory cytokines IL-1f, IL-6, IFN-y, TNE-
o, TGF-B1, and IL-8, which peaked at the 12 hours
post stimulation. Anti-inflammatory cytokines IL-4 and
IL-10 mRNA expression were induced maximally at 3
hours post stimulation mainly by sonicated bacteria and
filtrated supernatant, however, not with living bacteria.
Untreated embryonic human epithelial INT-407 cells
expressed low amount of mRNA for the various cytokines
and chemokines at all time points. For each cytokine, 4
samples were used per time hour.

Conclusion: This study demonstrated that embryonic
human epithelial INT-407 cells in response to viable
C. jejuni or its cytotoxins can alter cytokine and
chemokine mRNA expression patterns and kinetics
suggesting a potential role for theses mediators in
the immunopathogenesis of the infection caused by
this pathogen, which might be relevant for future
immunotherapeutic interventions during severe bacterial
infections.
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mpylobacter jejuni (C. jejuni) is considered as
one of major causes of pediatric diarrhea in
developing and well-developed countries."” The
pathophysiology of diarrheal diseases and the severe
long-term complications such as neurological damage
due to the immune response of the host caused by C.
Jjejuni is not fully understood,® although the adhesion,
invasion, production of enterotoxin and cytotoxin have
been reported to be the possible virulence factors.*’
Inflammation is a consequence of immune system
activation that might be triggered by bacterial infections.
While inflammation is an important element in the
defense against infection, it can also contribute some
complications such as Guillain-Barré syndrome, acute
transverse myelitis, and neuropathies.®® Therefore, the
control of the immune and the inflammatory response
of the gastrointestinal tract to bacteria is important in
determining disease progression. Cytokines are very
well known to play crucial roles in pathogenesis of
inflammatory’ and non-inflammatory disorders such
as changes in cognitive functions and progression of
the degenerative processes of aging.'® Also, cytokines
modify the functioning of epithelial cells. For instance,
tumor necrosis factor (TNF-a)) can modify intracellular
signal transduction and regulate ionic channel activities
in various epithelial cells."" Many epithelial cell lines can
be invaded by C. jejuni, which damage the epithelium
and act intracellularly.""> We previously showed by in
vitro experiments on INT-407 cells that C. jejuni can
induce secretion of interleukin (IL)-6, interferon-gamma
(IFN-y), TNF-a, IL-4, IL-10, and IL-8 proteins, and
mRNA expression for IL-8, and TNF-a." In view of
this, the current experiments were designed to study
the de novo synthesis of these potential mediators in a
kinetic manner to further explore their role during the
disease process.

Methods. The study was carried out from
September 2005 to March 2007 at the Department of
Microbiology, Immunology, and Infectious Diseases,
College of Medicine, Arabian Gulf University, Bahrain.
This study received ethical approval from the Research
and Ethics Committee of the College of Medicine and
Medical Sciences, Arabian Gulf University, Bahrain.

Bacterial cultures and dilutions. One human strain
was included in this study. It was isolated from a Bahraini
child with dysentery. It was designated as Salmaniya
Medical Complex 3915. The culture of the organism
was carried out using conventional methodology for the
isolation of Campylobacter.”” Campylobacter jejuni was
adjusted to 10° cells/ml (titration studies showed that
this concentration of bacteria is optimum to stimulate
cytokines and chemokines).

Preparation of sonicated C. jejuni. Campylobacter
Jjejuni cultures grown for 48 hours on 3x100mm diameter
plates were harvested into one ml of Eagle’s minimum
essential medium (EMEM). Campylobacter jejuni of 10®
cells/ml were disrupted by 6x30 second pulses on ice
with a VirSonic 50 Sonicator (Virtis, Gardiner, New
York). The sonicated bacteria were diluted in EMEM
and adjusted to 1:10 dilution.

Preparation of C. jejuni supernatant filtrates. Pure
C. jejuni cultures grown for 48 hours were harvested
into one ml of phosphate buffer solution (PBS) to a
suspension of 10® cells/ml and centrifuged at 14,000 x
g at 4°C for 20 minutes. The supernatant was removed
and filtered through 0.45 wm Nalgene filter. The filtrate,
which was free of bacterial cells, was diluted with PBS
to 1:10.

Cell cultures. The human embryonic intestinal
epithelial cell line INT-407 was used in this study (Hyper
Cell Line Data Base, Public Health, United Kingdom).
Morphology and mucin secretion were tested, and
these cells were found to retain the normal phenotype.
The cells were fed with EMEM supplemented with
5% fetal bovine serum and 0.5% L-glutamine (Gibco,
Gaithersburg, Maryland, USA). The cells were grown to
a polarized monolayer in an 80 cm flask, washed, and
released with trypsin-ethylenediaminetetra acetic acid
and plated onto Lab-Teck 4 chambers slides (NUNC
brand, Rochester, New York). After the polarized INT-
407 cells were formed, they were infected with 10°
viable bacterial cells (approximately 41.6 bacteria/cell),
or treated with crude extract after sonication or culture
filtrates in dilution of 1:10. Cytokines messenger
ribonucleic acid (mRNAs) were detected at 1, 3, 12,
and 24 hours following treatment using the in situ
hybridization, leaving some wells without stimulation
as negative controls. For each cytokine, 4 samples were
used per time hour (Figures 2 & 3).

Preparation of INT-407 polarized monolayers for
in situ hybridization. For detection of IL-1f, IL-6,
[FN-y, TNF-a, IL-4, IL-10, transforming growth
factor (TGF)-B1, and IL-8 mRNA after the previously
mentioned treatment times, INT-407 cells were
washed with diethylpyrocarbonate solution/PBS. After
pre-treatment with 0.4 ug/ml Proteinase K+Tris, cell
structures were preserved with 0.4% paraformaldehyde
in 1x PBS, INT-407 cells were hybridized (Research
and Dignostic Systems, South Africa) with Biotin
labeled antisense RNA probe cocktail (200 ng/ml,
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R&D, SA). Hybridization was performed overnight
at 37°C. After hybridization, the polarized monolayers
were washed with DEPC/PBS and fixed with methanol.
The monolayers were washed with decreasing grades of
sodium chloride/sodium citrate bufferand permeabilized
with 1x PBS/Triton.

Biotin labelled mRNA detection. The monolayers
were stained using the Vectastain ABC kit (Vector
Laboratories, Burlingame, CA, USA), and slides were
counterstained with hematoxylin.

Digoxigenin labelled mRNA detection. The de novo
expressed mRNAs were fixed with the DAKO Rabbit F
(ab’) Anti-digoxigenin/horse redish peroxide in dilution
of 1:100, and then liquid 3,3’-Diaminobenzidine-Nitro
Blue Tetrazolium-Chloride-Chromogen solution was
added (DAKO corp., Carpinteria, CA, USA), and
slides were counterstained with hematoxylin. The in
situ hybridized cells were examined in a Leica RXM
microscope (Leica, Wetzlar, Germany) equipped with a
3DD color camera (Sony, Tokyo, Japan). Enumeration
of cytokine mRNA expressing cells was performed
manually at X 630 original magnification.

Statistical analysis. Analysis of variance (ANOVA)
was used for multiple comparisons. Student’s unpaired
t-test was used to measure statistical significance between
selected 2 groups (experimental versus non-stimulated

control). The significance of cytokine expression on
normal INT-407 was compared with those infected
with live C. jejuni. Thereafter, cytokine expressions
on INT-407 cells infected with sonicated as well as
supernatant derivatives of the organism were compared.
Stars indicate level of significance (*p<0.01, **»<0.001,
***p<0.0001). We used INSTAT?2 for our statistical

analysis.

Results. A qualitative difference in mRNA signal
(staining) was noted depending on the period of
stimulation. All cells expressing mRNA, regardless
of strength of signal were considered positive. Viable
C. jejuni, sonicated bacteria and filtered supernatant
induced high mRNA expression for the pro-
inflammatory cytokines IL-1f, IL-6, IFN-y, TNF-a,
TGEF-B1, and IL-8, which peaked at 12 hours post
stimulation. Anti-inflammatory cytokines IL-4 and
IL-10 mRNA expression were induced maximally at
3 hours post stimulation mainly by sonicated bacteria
and filtrated supernatant, however, not with living
bacteria. Untreated embryonic human epithelial INT-
407 cells expressed low amounts of mRNA for the
various cytokines and chemokines at all time points. To
illustrate these differences, photomicrographs of IL-1b

Figure 1 -Interleukin (IL)-1f messenger ribonucleic acid (mRNA) expression as an example for cytokine/chemokine gene
expression as detected by in situ hybridization in INT-407 cells infected with 10 Campylobacter jejuni at: a) 0 hour
(negative control), b) 3 hours, ¢) 12 hours, and d) 24 hours. The arrow on c) shows maximum intracellular staining
indicating peak of IL-13 mRNA expression at 12 hours. Pictures were taken in bright field microscopy (x 200).
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Figure 2 - The figure demonstrates numbers of cytokine messenger ribonucleic acid (mRNA) expression by INT-407 cells for the pro-inflammatory
cytokines interleukin (IL)-1f, IL-6, tumor necrosis factor (TNF-a), and interferon-gamma (IFN-y). The human embryonic intestinal epithelial
cell line INT-407 was used in this study. For each cytokine 4 samples were used per time hour. The study was repeated 3 times with similar results

(n=8). Means + standard deviation are shown, (***»<0.0001).
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Figure 3 - The figure demonstrates cytokine messenger ribonucleic acid (mRNA) expression by INT-407 cells for the anti-inflammatory cytokines
interleukin (IL)-4, IL-10, transforming growth factor (TGF-f) and the chemokine IL-8. The human embryonic intestinal epithelial cell line
INT-407 was used in this study. For each cytokine 4 samples were used per time hour. The study was repeated 3 times with similar results (n=8).

Means + SD are shown, (*p<0.01, **»<0.0001).
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mRNA expression (as an example of pro-inflammatory
cytokines) by human intestinal epithelial INT-407 cells
stimulated by infection with C. jejuni for 0, 3, 12, and
24 hours are shown in Figure 1.

Each cytokine showed different kinetics after
stimulation with viable C. jejuni, sonicated C. jejuni,
or C. jejuni filtered supernatants. The pro-inflammatory
cytokines IFN-y, IL-6, IL-13, TGF-f1, TNF-a, and
a potential chemokine IL-8 showed the maximum
mRNA expression when the INT-407 cell were infected
with 10¢ viable C. jejuni, peaking at 12 hours post
stimulation. For IL-1f, IL-6, IFN-y, TNF-a, TGF-1
and IL8, more than 10° cells per 10* expressed mRNA
for these cytokines after stimulation with viable C. jejuni,
sonicated C. jejuni, or C. jejuni filtered supernatants
(except TNF-au stimulated with viable bacteria where
approximately 800 cells per 10* expressed the mRNA
without affecting the level of significance) (Figures 2 &
3). The anti-inflammatory cytokines IL-4 and IL-10
showed the maximum mRNA expression when the INT-
407 cell were treated with a 1:10 dilution of sonicated C.
jejuniaswell as C. jejuni filtered supernatants, peaking at
3 hours following treatment. Those anti-inflammatory
cytokines were highly induced by sonicated bacteria and
filtrated supernatant where more than 10° cells per 10*
expressed mRNA for these cytokines, however, not with
living bacteria since only 200 cells per 10% expressed
the mRNA for IL-4 and IL-10 (Figure 3). Untreated
INT-407 cells expressed pro-inflammatory and anti-
inflammatory cytokines and chemokines at very low
levels as shown in Figures 2 & 3.

Discussion. The INT-407 cells were used in
this study as an in vitro model system for intestinal
epithelium to measure the endogenous expression of
cytokine/chemokine by the colonic epithelial cells.
After treating the cells with viable C. jejuni, the mRNA
levels for the pro-inflammatory cytokines (IL-1f3, IL-6,
IFN-y, and TNF-a) and the chemokine (IL-8) peaked
at 12 hours post infection. While treating the same
cells with sonicated C. jejuni or filtrated supernatant,
the anti-inflammatory cytokines (IL-4, IL-10, and
TGEF-B) peaked at 3 hours post stimulation. However,
living bacteria induced low levels of cytokine mRNA
for IL-4 and IL-10 and high level for TGF-f. These
results suggest that the intestinal epithelial cells can
modify their own cytokine and chemokine expression
after bacterial challenge at the mRNA level to deal
with infection. Previous work has shown that cytokine
mRNA expression peaked at 4-8 hours and protein
production to peak at 24-48 hours'®'®* and coupled
with this work, suggesting that the production of these
cytokines is under transcriptional control. The protein
production of these cytokines and chemokine along
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with the precise nature of the interaction between C.
jejuni and cell surface receptors warrant further study.

In this study, viable C. jejuni stimulated the mRNA
expression for the anti-inflammatory cytokine TGF-1
at a high level suggesting that this cytokine is present
in active form,* and mRNA for TGF-B1 is expressed
by the regulatory T helper (Th) cells in vivo and it acts
upon Th1 and Th2 cells.”® This suggests the association
between the presence of cytolethal distending toxin
(CDT) and other cytotoxins in the sonicated C.
jejuni and its filtered supernatant, which need the
cooperation of both Th1 and Th2 cells responses.” Our
data showed that the INT-407 cells stimulated with
sonicated C. jejuni, or its filtered supernatant expressed
anti-inflammatory cytokine mRNA suggesting that the
5 cytotoxines® influenced the expression of cytokines
needed for B-cell activation and hence antibody
secretion. Antibodies play a role in neutralization of
soluble bacterial toxins.”

Also, the data of this study showed a balance between
Th1 and Th2 cell responses represents a sort of switch,
which can be used to bias immune response in one
or another direction. The result of this differentiation
switch is to activate 2 different pathways of immunity,
which is associated with different immune responses.
The Th1 pathway is essentially cell- mediated immunity
necessary to eliminate intracellular antigens, which
was the case when stimulating with viable cytolethal
destending toxin producing C. jejuni. The protective
immune response to soluble cytotoxins present in the
sonicated C. jejuni or its filtered supernatant would be
dominated by an antibody response, which fits with a
Th2 response.

Detection of mRNA is essential to depict de novo
synthesis of protein. Therefore, mRNA expression
with protein production should be very well correlated
for the normal function of the cell.l” The mRNA
expression results are almost certainly only correlative,
instead of causative,”®? in the end it is, most probably,
the concentration of proteins and their interactions
that are the true causative forces in the cell, and it’s the
corresponding protein quantities that we should be
looking at.

In conclusion, the present data are useful for defining
the expression of mRNA and related kinetics for key
cytokines in response to INT-407 C. jejuni stimuli.
Large-scale mRNA expression measurements raise the
possibility of extracting information on the underlying
genetic regulatory interactions directly from the data.
This suggests a mechanism whereby human intestinal
epithelial cells in vivo may mediate colon secretory
function, inflammation, and diseases in an autocrine/
paracrine fashion by expressing, producing, and secreting
cytokines and chemokines during gastroenteritis.
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