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Background: Circulating levels of endotoxin (or lipopolysaccharide (LPS)) and anti-endotoxin antibod-
ies are increased in patients with inflammatory bowel disease, supporting the hypothesis of a role for
endogenous bacterial products in the pathogenesis of these disorders.
Aim: The aim of this study was to analyse the direct effects of LPS on intestinal epithelial cell turnover.
Methods and Results: LPS significantly inhibited growth of the human non-transformed immature crypt
cell line (HIEC), whereas IEC-6 cell proliferation was stimulated by LPS. As LPS is a physiological
inducer of tumour necrosis factor α (TNFα) in various cell systems and this cytokine exerted similar anti-
proliferative (HIEC) or growth stimulatory (IEC-6 cells) effects, the study thus tested the hypothesis that
endogenously produced TNFα in response to LPS mediates this growth modulatory effect in an
autoparacrine/paracrine way. Therefore, during LPS stimulation, the biological activity of TNFα was
blocked using neutralising anti-TNFα antibodies, as well as inhibitory, antagonistic antibodies directed
against the p55 TNF receptor, signalling the antimitotic TNFα effect in HIEC. Both experimental
approaches completely abolished the growth modulatory effects of LPS in HIEC/IEC-6 cells. Production
and secretion of TNFα by HIEC/IEC-6 cells in response to LPS was confirmed on mRNA and protein
level by reverse transcription polymerase chain reaction (RT-PCR) and enzyme linked immunosorbent
assay. LPS signalling was independent of CD14 in HIEC, as these cells lack this receptor. However,
HIEC expressed TLR4 and MD2 resulting in a fully functional signalling complex as demonstrated by
RT-PCR, western blot, and immunofluorescence analyses.
Conclusion: These results support the hypothesis that LPS induced changes of intestinal epithelial cell
turnover may directly contribute to the pathogenesis of inflammatory epithelial cell lesions by
endogenous TNFα production by enterocytes.

The host’s endogenous bacterial flora is known to play an
important part as trigger in the pathogenesis of inflam-
matory bowel disorders (IBD), as shown in various

experimental models of genetically engineered “knockout”
animals. T cell receptor-αβ deficient mice fail to develop coli-
tis in the absence of a microbial environment.1 Similarly,
interleukin (IL) 2 or IL10 deficient mice do not react with
colitis, when kept in a germ free environment.2 3 The import-
ance of the enteric flora and its products in inducing and per-
petuating colitis is also well recognised in humans.4 Diversion
of the faecal stream can induce remission in Crohn’s colitis,
whereas ileocolonic anastomosis results in the rapid recur-
rence of colitis.5 Furthermore, systemically circulating endo-
toxin and increased titres of anti-endotoxin antibodies are
found in patients with Crohn’s disease (CD) or ulcerative coli-
tis (UC).6 These data as well as the beneficial effects of antibi-
otics in treating IBD patients support the hypothesis that bac-
terial compounds are implicated in the pathogenesis of IBD.

Endotoxin or lipopolysaccharide (LPS) refers to a glycolipid
present in the outer membrane of Gram negative bacteria. LPS
is a strong stimulator of the immune system, capable of acti-
vating neutrophils, lymphoytes, monocytes, and particularly
macrophages. Upon this interaction immune competent cells
release a great variety of immune mediators, such as cytokines
or nitrous oxide.7–9 Evidence was put forward showing that the
pathological uptake of such bacterial products not only
activates cells of the immune system, but may also directly
affect intestinal epithelial cell functions.10 11 Contact with bac-
terial products such as LPS, induces enterocytes to release
several proinflammatory cytokines and chemokines, such as

IL6 or IL8.12–14 This results in the recruitment of further
immune competent cells into the intestinal mucosa, increas-
ing the inflammatory cascade. LPS induced activation of
immune competent cells is mainly mediated through the
membrane receptor CD14.15 However, intestinal epithelial cells
lack this receptor. Recently, it was proposed that the family of
the newly discovered toll-like receptors (TLR) also serves as
membrane receptors for LPS.16 17

In this study, we aimed to determine whether LPS directly
changes normal enterocyte turnover, thereby contributing to
pathological epithelial cell functions seen in IBD. We therefore
studied the expression of CD14 and TLR as well as the effect of
LPS on non-transformed human intestinal crypt cell (HIEC)
and IEC-6 cell proliferation and apoptosis. In a second step, we
attempted to elucidate the mechanisms involved in LPS
induced changes in enterocyte turnover. We identified TNFα,
produced by intestinal epithelial cells (IEC) in response to
LPS, as the mediator responsible for these effects.

METHODS
Cell culture and reagents
HIEC, human small intestinal crypt cells of fetal origin18 were
cultured at 37°C in a humidified atmosphere of 10% carbon
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dioxide in Dulbeco’s modified Eagle medium (DMEM)
supplemented with 5% heat inactivated fetal calf serum (FCS)
(Gibco, Karlsruhe, Germany), 1 mM sodium pyruvate and 1%
penicillin/streptomycin. In addition, 1% glutamine and
glutamax (Gibco) were added for HIEC, as previously
described.19 IEC-6 cells (ATCC) were cultured under standard
conditions.20 Protein free LPS, highly purified by chromatogra-
phy, (from E coli 026:B6, Sigma, Munich, Germany) was used
at concentrations between 0.1–100 µg/ml in DMEM contain-
ing FCS. Recombinant human TNFα was obtained from Gen-
zyme (Russelsheim, Germany), the antihuman p55-TNF
receptor antagonistic antibodies from R+D (Wiesbaden, Ger-
many). Neutralising rabbit antihuman TNFα (50 µg/ml) was
purchased from Peprotech (London, UK).

Proliferation assays
Proliferation of HIEC and IEC-6 cells was monitored by
3H-thymidine incorporation into DNA, as previously
described.19 Briefly, cells were allowed to attach over night in
24 multiwell plates (Costar, Germany). After a 24 hour stabili-
sation period without FCS addition, the cells were incubated
with 0.1–10 µg/ml LPS in complete medium
(DMEM+1%FCS) alone or in combination with anti-TNFα or
anti-p55 TNF receptor antibodies for 22 hours. The last two to
four hours, 3H-thymidine was added. In parallel, similar
experiments with recombinant human IL6 (0.1–500 ng/ml,
Genzyme), IL8 (0.1–500 ng/ml, Genzyme), and TNFα (0.01–10
ng/ml) were performed. In addition, proliferation of HIEC or
IEC-6 cells was quantified by cell counts over a 48 hour stimu-
lation period in the presence of LPS, TNFα alone, or in combi-
nation with anti-TNFα or antihuman p55 TNF receptor
antibodies.

Apoptosis assay
Subconfluent HIEC or IEC-6 cells were cultured as above, after
various time intervals (6–72 hours) of LPS or TNFα
stimulation cells were harvested and stained with propidium
iodide (PI, 10 µg/ml) and annexinV. Apoptosis was monitored
by flow cytometry (FACScan, Becton Dickinson, Heidelberg,
Germany), as previously described.19 1×104 cells were analysed
and the apoptosis rate calculated as percentage of total cells.
Immunofluorescence studies after staining of the nuclei with
the DNA-dye HOECHST 33342 were performed using a Leica
immunofluorescence microscope (Leica, Bernstein, Ger-
many).

RNA preparation and reverse transcription polymerase
chain reaction (RT-PCR)
mRNA was isolated from HIEC and IEC-6 cells at different
time points (one to nine hours) after LPS stimulation using a
Quickprep mRNA micro purification kit (Amersham Pharma-
cia Biotech, Freiburg, Germany). Integrity and purity of
isolated RNA were assessed by electrophoresis on a 1.2% aga-
rose gel before generation of cDNA using reverse transcrip-
tion. PCR amplification was performed with Taq polymerase
(Perkin Elmer) for 38 cycles at 95°C for 45 seconds, at 54°C for
one minute, and at 72°C for one minute (for TLR2 and TLR4),
for 38 cycles at 94°C for 45 seconds, at 55°C for one minute,
and at 72°C for one minute (for MD2), for 33 and 30 cycles at
94°C for one minute, at 57°C for one minute, and at 72°C for
one minute (for human and rat TNFα, respectively). As
housekeeping gene glyceraldehyde 3-phosphate dehydroge-
nase (G3PDH) was used in both human and rat intestinal epi-
thelial cells. The oligonucleotide primers used for RT-PCR
were: human TNFα sense 5’-GAG TGA CAA GCC TGT AGC
CCA TGT TGT AGCA-3’ and antisense 5’-GCA ATG ATC CCA
AAG TAG ACC TGC CCA GACT-3’, yielding a 441 base product,
rat TNFα, sense: 5’-AAA GAC AAC CAA CTG GTG GTA CCA-3’
and antisense 5’-GAC TCC GTG ATG TCT AAG TAC TTG-3’,
yielding a 308 base product. The sequences used for human

G3PDH were: sense: 5’-TGA AGG TCG GAG TCA ACG GAT TTG
GT-3’ and antisense: 5’-CAT GTG GGC CAT GAG GTC CAC
CAC-3’, yielding a 983 base product and for rat G3PDH: sense:
5’-CCA TGG AGA AGG CTG GGG-3’ and antisense: 5’-GAG
CCC TTC CAC GAT GCC-3’, yielding a 753 base product. The
primer sequences for TLR2 and TLR4 yielding in 347 and 548
base products, respectively, were recently published by Faure et
al.21 The primers sequences for MD2 were recently published
by Abreu et al.22 Samples without cDNA were included to con-
trol external contamination during preparation for PCR. After
RT-PCR, the TLR2, TLR4, and MD2 amplicons were purified
and subsequently sequenced using an automated DNA
sequencer (ABI Prism 3100 Genetic Analyzer, Applied Biosys-
tems, France) to confirm the identity of the fragments.

Western blotting
The expression of the TLR2 and TLR4 was determined by
western blotting. HIEC lysates were prepared using an ice cold
lysis buffer (50 mM TRIS, 150 mM NaCl, 10 mM EDTA, 1%
Triton) supplemented with a mixture of protease inhibitors
(Boehringer, Mannheim, Germany). Equivalent protein sam-
ples were resolved on 10% SDS-polyacrylamide gels and
transferred to nitrocellulose membranes (Bio-Rad). For
immunodetection, the membranes were incubated overnight
with anti-TLR2 (1:500), or TLR4 antibody (1:500, all Biocarta,
Hamburg, Germany) in TRIS buffered saline/Tween 20-1%
milk powder, followed by incubation with the hoseradish per-
oxidase conjugated antimouse-IgG (1:5000, Biosource). To
confirm the presence of both receptors and the specificity of
the anti-TLR2 and TLR4 mouse IgG antibodies, a second set of
anti-TLR2 and TLR4 antibodies (polyclonal goat IgG, Santa
Cruz) was used. In addition, control experiments with highly
specific blocking peptides were performed. The bands were
read by enhanced chemiluminescence (ECL-kit, Amersham).
Caco-2 cell lysates were used as positive control.

CD14 and TLR expression
Unstimulated and LPS or TNF stimulated HIEC as well as nor-
mal human macrophages (from a healthy donor) were stained
with an anti-CD14-FITC labelled antibody (DAKO, Hamburg,
Germany) for 30 minutes at 37°C. Monocytes, serving as posi-
tive control, were isolated from PBL by isotonic density
gradient centrifugation (Ficoll, Becton Dickinson) followed by
subsequent cultivation on plastic dishes permitting the sepa-
ration of attached cells (monocyte/macrophage fraction) from
the non-attached leucocytes. After intensive washing, the sur-
face expression of CD14 was analysed by flow cytometry. In
parallel, immunostaining for TLR2 and TLR4 was performed.
Therefore, HIEC were incubated with highly specific antibod-
ies directed against TLR2 or TLR4 (1:1000 each, all Biocarta)
for 60 minutes at room temperature. Thereafter, a secondary
FITC labelled antimouse antibody was used (30 minutes at
room temperature) to permit visualisation and subsequent
quantification of the receptor expression by immunofluores-
cence and flow cytometry. The effect of LPS (0.1–10 µg/ml,
24–48 hours) on TLR2 and TLR4 expression was quantified by
flow cytometry, as described above.

Statistical analysis
Results are reported as the mean (SEM) of triplicate samples.
Significance was established at 95%, and determined by Stu-
dent’s t test for non-paired values, and the Mann-Whitney U
test for non-parametric values.

RESULTS
Effect of LPS on IEC growth
LPS proved to be a potent inhibitor of HIEC growth in a dose
dependent manner. After a 22 hour stimulation period, HIEC
proliferation rate was maximally reduced to 62 (7)% in
comparision with control wells at 10 µg/ml LPS, with a plateau
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effect at higher concentrations (fig 1A). Cell count analyses
confirmed the anti-proliferative effect of LPS in HIEC (fig 1B
and C). In contrast with this growth inhibitory effect on the
HIEC line, the same LPS preparation significantly stimulated
proliferation in the rat cell line IEC-6 (fig 1B and D). This
effect was dose dependent with a maximal proliferation rate of
256 (12)% compared with unstimulated control cells.

TNFα as mediator of LPS growth modulation
LPS is known to be a strong inducer of proinflammatory cyto-
kines and chemokines, which can interfere with the regula-
tion of intestinal epithelial cell growth. Therefore, we tested
the hypothesis that the growth modulatory effects of LPS in
HIEC and IEC-6 cells was mediated by one of these cytokines
induced by LPS. In previous studies,23 we observed a potent
growth stimulatory effect of TNFα in IEC-6 cells. In contrast,
HIEC growth was significantly inhibited by TNFα even at con-
centrations as low as 0.01 ng/ml (fig 1). Receptor analyses
with blocking antibodies revealed that this growth inhibitory
effect on HIEC was mediated by the p55-TNF receptor (fig 1).
Given the similarities of the effects of LPS and TNFα on HIEC
(anti-proliferative) and IEC-6 cells (growth stimulatory), it is
very probable that these growth modulatory effects of LPS
were mediated by LPS inducible TNFα in an autoparacrine/
parcrine manner. To confirm this hypothesis, the biological
activity of TNFα was neutralised with highly specific antibod-

ies. As shown in figure 1, in the presence of a neutralising
anti-TNFα antibody the growth inhibitory effect of LPS on
HIEC was completely abolished. Using rat specific anti-TNFα
antibodies, similar results were obtained with IEC-6 cells (fig
1). As complementary approach, the p55-TNF receptor was
selectively blocked, using an antagonistic antibody before the
stimulation with LPS. As shown in figure1 (A) and (B), the
antiproliferative LPS effect in HIEC was completely blocked
after inhibition of this TNF receptor.

In the next step, to further confirm these findings, we
wanted to know if IEC really produce TNFα in response to LPS
stimulation. No TNF transcripts were detectable in unstimu-
lated HIEC or IEC-6 cells. However, LPS rapidly induced
mRNA expression of TNFα, achieving highest levels within
three hours of its addition to HIEC (fig 2). Similarly, TNFα
mRNA was inducible in IEC-6 cells, and it remained
upregulated up to six hours after LPS stimulation. Subse-
quently, after translation into its protein product, TNFα was
secreted in the cell culture medium and it became detectable
by ELISA (fig 2B). No production of TNFα was observed in
response to LPS when HIEC were treated with low doses (1–10
mg/ml) of the protein synthesis inhibitor cycloheximide
(CHX). Therefore, we used this experimental setting to further
confirm the role of TNF as mediator of LPS in the growth
modulation of IEC. The proliferation rate of HIEC was
analysed after stimulation with low doses of CHX and LPS.

Figure 1 Effect of LPS and TNFα on HIEC and IEC-6 cell proliferation, analysed by 3H-thymidine incorporation (A) and (B) and cell counts (C)
and (D). LPS significantly inhibited HIEC growth in a dose dependent manner, similar to TNFα. Blockade of the p55-TNF receptor with an
antagonistic antibody completely reversed the antiproliferative effect of TNFα as well as LPS. In addition, neutralisation of biological active
TNFα with a specific anti-TNFα antibody totally inhibited the antiproliferative effect of LPS. In contrast, IEC-6 cell growth was significantly
stimulated by LPS, similar to TNFα. Neutralisation of the biological active TNFα with a highly specific rat anti-TNFα antibody completely
reversed this growth stimulation by LPS, similar to the effect in HIEC. These data clearly demonstrate that TNFα is an important mediator of IEC
growth modulation by LPS. Basal proliferation rate in HIEC were 1214 (49) cpm (=100 (4)% control), in IEC-6 cells: 6873 (344) cpm (=100
(5)% control). Experiments are mean of four similar experiments in triplicates. Cell counts experiments were repeated twice and the means are
shown.

844 Ruemmele, Beaulieu, Dionne, et al

www.gutjnl.com



CHX alone moderately inhibited HIEC growth (81 (7)% com-
pared with 100 (6)% in control wells). However, LPS did not
further down-regulate HIEC proliferation in the presence of
CHX, whereas addition of recombinant TNFα inhibited HIEC
growth for an additional 43% (fig 2C). Experiments with CHX
were not performed in IEC-6 cells, as they rapidly died, even in
the presence of low doses of CHX. Additional experiments
with recombinant IL6 or IL8, also produced by IEC-6 and
HIEC after stimulation with LPS, showed in both models that
none of these two cytokines was able to modulate intestinal
epithelial cell growth (data not shown).

Effect of LPS on HIEC/IEC-6 cell apoptosis
At all concentrations tested, LPS failed to induced HIEC or
IEC-6 cell apoptosis or necrosis. Morphological analysis
revealed a normal nuclear and cellular morphology in LPS
treated cells even after prolonged incubation intervals for 48
hours. No expression of phosphatidylserine on the outer leaf-
let of the membrane was detectable, a sign of early apoptosis.
In contrast, TNFα was a weak inducer of HIEC or IEC-6 cell
apoptosis, at concentrations of 10 ng/ml and higher, as we
recently showed.19 20 After TNF treatment, typical morphologi-
cal signs of apoptosis, such as nuclear condensation, fragmen-
tation, and the formation of apoptotic bodies as well as the
expression of phosphatidylserine were detectable.

HIEC express no CD14, but TLR2, TLR4 and MD2
Immunofluorescence studies revealed that in contrast with
immune competent cells, HIEC do not express the LPS recep-
tor CD14 (fig 3). No induction or upregulation of this
membrane receptor by LPS or TNFα was observed under all

experimental conditions. Recently, with the discovery of the
TLR family, a new class of receptors for LPS was proposed.24 In
particular, the receptor TLR4 (and less convincingly TLR2) is
believed to bind LPS and activate the intracellular signalling
cascade.16 17 24 RT-PCR (fig 4A) clearly showed TLR2 and TLR4

Figure 2 Stimulation of HIEC/IEC-6 cells with LPS induced TNFα, as demonstrated by RT-PCR (A). Already after a stimulation period of three
hours TNFα mRNA transcripts were observed in both IEC models. The expression of G3PDH was used as house keeping gene. The translation
into the protein product and subsequent secretion of TNFα into the culture medium was analysed in HIEC using a high sensitivity ELISA (B).
TNFα was produced in a dose dependent manner after stimulation with LPS. CHX treatment completely suppressed the secretion of TNFα. In
keeping, functional experiments with CHX showed in HIEC that the proliferation rate after LPS stimulation remained unchanged once TNFα
production was suppressed (C). On the other hand, addition of TNFα in the presence of CHX was still able to suppress HIEC proliferation.
Concentrations (x axis) for CHX or LPS in µg/ml, for TNFα in ng/ml. The concentrations of CHX used together with LPS or TNFα were 1 µg/ml.

Figure 3 Flow cytometric analysis revealed no surface expression
of CD 14 on HIEC in contrast with normal human macrophages.
One of three representative experiments is shown. The x axis is an
arbitrary log scale of CD14 fluorescence.
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expression in HIEC. Similarly, in the human intestinal cancer
cell lines Caco-2 and HT-29, mRNA transcripts for both recep-
tors were detected. In HIEC, both PCR products were
completely sequenced confirming that sequences were identi-
cal to TLR2 and TLR4, respectively. In the next step, the trans-
lation into the corresponding protein product was analysed
using western blot analysis. HIEC, as well as Caco-2 cells
clearly expressed TLR2 and TLR4 (fig 4B). In addition, surface
expression of TLR2 and TLR4 on HIEC was confirmed by
immunofluorescence (fig 4C). Constitutive expression of TLR4
was higher compared with TLR2 in HIEC. Analysis of the
receptor expression revealed, that LPS stimulation did not
change TLR2 expression in HIEC. However, a significant

downregulation of TLR4 occurred to 71 (3)% compared with
100 (4) in control cells (fig 4D). Activation of TLR4 by LPS
requires the presence of additional molecules: MD2, a recently
described secretory protein, seems to play an important part to
obtain a functional TLR4 signalling complex.24 As shown in
figure 4A HIEC clearly expressed MD2, indicating a potentially
fully functional TLR4 signalling complex in IEC.

DISCUSSION
There is increasing evidence that bacterial toxins and antigens
such as LPS (or endotoxin) play an important role in the
pathogenesis of IBD. Previous studies have concentrated on
the effects of bacterial products on immune cells. In this study,

Figure 4 TLR expression in HIEC: RT-PCR analysis clearly showed TLR2 and TLR4 mRNA transcripts in unstimulated HIEC as well as Caco-2
and HT29 cells (A). Subsequent isolation and sequencing confirmed the identity of TLR2 and TLR4. In addition, all cell lines expressed MD2, a
costimulatory molecule associated with TLR4. Western blot analysis (B) confirmed that HIEC express TLR2 (86 kDa) as well as TLR4 (88 kDa).
Caco-2 cells served as positive control. In addition, immunofluorescence analysis (C) revealed a clear signal of membrane expressed TLR2 and
TLR4 on native HIEC. The regulation of the expression of TLR2 and TLR4 by LPS was analysed by flow cytometry (D). TLR4 expression was
higher in unstimulated HIEC compared with TLR2. LPS (10 µg/ml, 48 hours) significantly reduced TLR4 expression without changing TLR2
expression in HIEC. One of three representative experiments is shown.
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we show for the first time that LPS is a direct modulator of
intestinal epithelial cell turnover. LPS significantly inhibited
HIEC proliferation without inducing apoptosis or necrosis.
However, the effect on the rat intestinal cell line IEC-6 cells,
was in clear contrast with a marked growth stimulation in
response to LPS. As demonstrated by functional assays, on
RNA and protein levels, endogenously produced TNFα is an
autopanacrine/paracrine mediator of this LPS action. This is in
concert with our previous observation that TNFα stimulates
IEC-6 cell proliferation,23 whereas HIEC growth is inhibited by
TNF. The different growth pattern observed between the
human HIEC and the rat IEC-6 crypt cells may reflect, besides
the species difference, a differing degree of maturation of
either cell line. This indicates that depending on the position
along the crypt to villus axis, the same cytokine can exert dif-
ferent biological effects on IEC, potentially resulting in a more
growth stimulatory effect on immature cells. This could be one
of the mechanisms leading to crypt hyperplasia seen in IBD.25

In enterocytes, LPS induces a whole array of signalling
events leading to the production of various cytokines and
chemokines.12–14 However, in contrast with TNFα we did not
observe any changes of enterocyte turnover by IL6 or IL8
despite the fact that HIEC produce up to 1000-fold higher
concentrations of either factor compared with TNFα. All three
factors are potent proinflammatory immune regulators in the
intestinal mucosa. They help to recruit immune competent
cells to the site of mucosal inflammation, greatly increasing
the primary inflammatory reaction through chemoattractant
effects. In the past, proinflammatory factors secreted from
these newly recruited, activated immune competent cells were
believed to cause the pathological intestinal epithelial cell
turnover.25 In this study, we confirmed and extended this view,
providing evidence that bacterial products such as LPS directly
affect the intestinal epithelium further contributing to an
impaired turnover state through autopancrine/paracrine
effects.

Recently, Kim et al26 observed that infection of IEC with
invasive bacteria induced apoptosis. This effect shown in
HT-29 and Caco-2 tumour cells, was also—at least partially—
mediated via endogenously produced TNFα, confirming the
importance of this cytokine as mediator of LPS in other
experimental models of inflammation. TNFα is known to
induce apoptosis in many cell models, also in HIEC or IEC-6
cells, as we recently demonstrated.19 20 However, relatively high
concentrations of TNFα (10–100 ng/ml) were required to
induce IEC apoptosis. In this study, we did not observe any
apoptosis in HIEC or IEC-6 cells after stimulation with LPS.
This might be attributable to rather low levels of endogenously
produced TNFα, (about 10pg/ml in our model compared with
110 pg/ml in the study of Kim et al26) insufficient to stimulate
the apoptotic machinery, but high enough to change IEC
growth. TNFα production and secretion of IEC in response to
bacterial products seem to depend on the experimental condi-
tions as well as the specific stimuli used. For instance, Panja et
al27 did not observe any TNFα production in response to LPS in
freshly isolated intestinal epithelial cells.

LPS is a very potent inducer of monocyte and mast cell
TNFα production via CD 14, the receptor for LPS.15 In this
study, we observed that immature IEC react in a very similar
way to LPS as do immune competent cells with increased
TNFα and other cytokine production. However, under basal
conditions, IEC do not express CD14. Furthermore, we were
not able to induce CD14 expression on HIEC after stimulation
with LPS or TNFα. However, LPS exerted potent biological
effects on enterocytes, as shown in this and other studies.26–28

These data are in concert with the previous observation of
Pugin et al28 showing that soluble CD14 along with LPS bind-
ing protein, both present in serum, permit binding and uptake
of LPS to CD14 negative cells, such as IEC. Recently, several
TLR based on the homology to the Drosophila proteins, were
described as membrane receptors to LPS.24 Cario et al29 reported

that intestinal epithelial cells express the TLR2, TLR3, and
TLR4 in a varying degree. After stimulation of the tumorous
transformed IEC lines T84 and HT-29 activation of stress path-
ways MAPkinases, JNK, and p38 occurred in response to LPS.
In addition a clear activation of the signalling pathway NFκB
was observed, leading to an upregulation of various inflamma-
tory genes such as IL6, IL8, or TNFα. In this study we were able
to show that non-transformed IEC constitutively express
TLR2 and TLR4. Whereas TLR2 is more likely to serve as
receptor for mycobacterial antigens or peptidoglycans and
lipoproteins present on Gram positive bacteria, there is
increasing evidence that TLR4 is the sole LPS receptor.24 30 31

Besides CD14 and LPS binding protein, a fully functional TLR4
signalling complex requires the presence of an additional,
novel protein, called MD2.32 MD2 is a secreted protein that
binds to the extracellular domain of TLR4, thereby potentially
stabilising the formation of TLR4 dimers. In addition, MD2
seems to facilitate LPS responsiveness. In contrast with the
recent report of Abreu et al22using tumoral transformed IEC,
we clearly observed MD2 expression in HIEC, indicating that
this signalling pathway is fully functional in normal IEC. It is
important to note that LPS downregulated its receptor TLR4 in
HIEC. This observation is in keeping with the recent report of
Nomura and coworkers33 who showed that the molecular
mechanism of endotoxin tolerance in macrophages is via LPS
induced downregulation of TLR4. Therefore, in vivo, because
of a chronic exposure to LPS, TLR4 might be downregulated
on enterocytes avoiding a pathological stimulation and
inflammatory reaction. However, under specific pathological
conditions, TLR4 might be upregulated (as we recently
observed in human enterocytes stimulated with IL1β, unpub-
lished data), leading to a markedly increased responsiveness
of enterocytes to LPS and an activation of the inflammatory
cascade.

TNFα is considered to be a key mediator in the pathogenesis
of IBD. This hypothesis is based on several in vitro models as
well as increased TNFα mRNA and protein levels in the intes-
tinal mucosa of IBD patients as well as in their stool compared
with non-IBD and healthy controls.20 34–36 The encouraging
positive results of two recent clinical trials with anti-TNF
antibodies to treat relapsing CD patients further support the
importance of this cytokine.37 38 However, the exact mecha-
nisms by which TNFα participates in mucosal injury remain
unclear.

The findings of this study add a novel aspect to the complex
picture of immune cell-epithelial cell interactions in the intes-
tinal mucosa. Enterocytes are known to react upon contact
with bacterial products by secreting chemoattractant cyto-
kines that may start and perpetuate the inflammatory
response. Here, we demonstrate they are also capable of
producing inflammatory cytokines, such as TNFα, which is
attributed to immune competent cells. The data of this study
led us to the hypothesis that the interaction of LPS with TLR4/
MD2 contributes to the perpetuation of the inflammatory epi-
thelial cell injury via TNFα induced alterations of enterocyte
turnover in an autoparacrine/paracrine manner.
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