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SUMMARY

Bacteroides fragilis toxin (BFT) has been shown to be capable of inducing intestinal mucosal

inflammation in animals. Such inflammation may be responsible for diarrhoea, which occurs in some,

but not all human carriers of enterotoxigenic strains of B. fragilis (ETBF). We have studied responses to

BFT by different human intestinal epithelial cell lines and subsequently investigated the expression of

IL-8 and TGF-b by T84 cells. The latter were selected because their responses to BFT, characterized by

morphological changes and cell death by apoptosis, were similar to those we have recently observed in

primary human colonocytes. We show that BFT dose-dependently increased the expression of transcripts

and protein of the polymorphonuclear cell chemoattractant IL-8. BFT also dose-dependently induced the

release of TGF-b , which has been shown to enhance the repair of the injured intestinal epithelium.

However, the secreted TGF-b was almost exclusively in the biologically inactive form, as determined by

Mv1Lu bioassay. Our studies therefore suggest that exposure of colonic epithelial cells in vivo to high

concentrations of BFT can initiate an inflammatory response via secreted IL-8. BFT-induced release of

latent TGF-b may facilitate the subsequent repair of the injured epithelium, following its activation by

proteases from neighbouring cells. Variation in cytokine responses by colonic epithelial cells in vivo

could be an important determinant in the development of mucosal disease and symptoms in response to

ETBF.
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INTRODUCTION

Enterotoxigenic strains of Bacteroides fragilis (ETBF) were first

isolated from the faeces of young farm animals with diarrhoea

[1±4]. The potential role of these strains in inducing diarrhoea in

humans has been of recent interest. In three epidemiological

studies carried out in three different geographical areas, faecal

isolation of ETBF has been associated with acute watery diarrhoea

in children [5±7]. The enterotoxin (BFT) produced by ETBF is a

metalloprotease [8] that induces rounding of cells of the human

carcinoma cell line HT29 [9±12]. Such BFT-specific enterotoxic

activity has been demonstrated in faecal samples of children with

diarrhoea in whom ETBF was also isolated [13,14]. We have

recently demonstrated the capacity of purified BFT to induce

cytotoxicity in primary adult human colonic epithelial cells in

organ culture [15]. Morphologically, the responses by the

epithelial cells were characterized by cell rounding, separation

from adjacent cells, and detachment from the basement mem-

brane. In many organ cultures, BFT-exposed detached epithelial

cells demonstrated characteristic features of cells undergoing

apoptosis. Such epithelial cell responses are similar to those seen

following exposure of primary colonocytes to Clostridium difficile

toxin A [16].

The mechanism by which BFT may induce diarrhoea in

animals and humans is unknown, but it is likely to be related to

mucosal inflammation. Exposure of intestinal loops to purified

BFT has been shown to induce mucosal inflammation character-

ized by the presence of a large number of polymorphonuclear cells

(PMN [17]). Such mucosal inflammation may be initiated

following BFT-induced epithelial cell injury, leading to the

release of IL-8 [16], which is a potent chemoattractant of PMN.

In addition to IL-8, epithelial cells are also capable of pro-

ducing TGF-b , which has been shown to enhance repair of

`wounded' epithelium by a process designated restitution [18,19].

TGF-b is also capable of enhancing barrier function [20,21],

which is largely mediated via epithelial tight junctions. Thus,

biological activity of TGF-b on the injured colonic epithelium

in vivo would limit exposure of underlying immune cells to

luminal bacteria and their products. The amount of bioactive

TGF-b released by epithelial cells may therefore determine the

extent of mucosal inflammation and damage. TGF-b is secreted
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as an inactive complex in which the bioactive dimer remains

associated with the cleaved N-terminal glycopeptide. The

bioactive dimer can be released from the inactive complex by

proteases and extremes of pH [22].

The aims of our study were to (i) investigate responses to BFT

by different epithelial cell lines, and (ii) study BFT-induced

changes in the expression of IL-8 and TGF-b by an epithelial cell

line in which responses to BFT are similar to those seen in

primary colonocytes. Of the cell lines studied, we show that BFT-

induced responses by T84 cells most closely reflect those by

primary colonic epithelial cells. In the T84 cells, BFT dose-

dependently increased the expression of IL-8 transcripts and

protein. There was also induction of TGF-b release, which was

mainly in the biologically inactive form.

MATERIALS AND METHODS

Purification of B: fragilis enterotoxin

BFT was purified from a highly toxigenic strain of ETBF (NCTC

11295) as previously described [15,23]. Briefly, B. fragilis NCTC

11295 was grown anaerobically at 378C in prereduced brain heart

infusion broth for 16±18 h. BFT was purified from culture

supernatant by sequential ammonium sulphate precipitation, ion-

exchange chromatography on Q-Sepharose (Pharmacia Biotech,

Brussels, Belgium), hydrophobic interaction chromatography on

phenyl-agarose (Sigma Chemical Co., St Louis, MO) and high

resolution ion-exchange chromatography on a Mono-Q column

(Pharmacia Biotech).

Purification of the toxin was monitored by its cytotoxic effect

on HT29 cells (obtained from the European Collection of Animal

Cell Cultures (ECACC), Porton Down, UK) characterized by cell

rounding [9,10,12]. The cytotoxic titre of BFT was expressed as

the reciprocal of the highest dilution of the toxin that causes

rounding of .50% of HT29 cells after 4 h [10,24]. A cytotoxic

unit (CU) was defined as the lowest amount of the toxin that

elicited a positive response in HT29 cells (50% cell rounding at

4 h). The cytotoxic titre of our purified BFT ranged from 10 240

to 40 960 CU (protein concentration 1±5 mg/ml). BFT was frozen

(2208C) in aliquots immediately after purification.

Epithelial cell lines

The intestinal epithelial cell lines HT29, T84, Caco-2 and IEC-6

were obtained from the ECACC. They were grown to confluence

in 96-well plates (Nunc, Gibco BRL, Gaithersburg, MD) for MTT

assay or in 35-mm2 culture dishes (Costar, High Wycombe, UK)

for transmission electron microscopy (TEM; see below).

Caco-2 cells (passages 40±43) were grown to confluence in

Dulbecco's minimal essential medium (DMEM) containing 10%

fetal calf serum (FCS; Gibco BRL), 10 mg/ml transferrin (Sigma)

and 2 mmol/l glutamine (Sigma). T84 cells (passages 80±85)

were cultured in 50% DMEM 2 50% Ham's F-12 medium (Gibco

BRL) containing 10% FCS and 2 mmol/l glutamine. HT29 cells

(passages 185±190) were grown to confluence in DMEM contain-

ing 10% FCS and 2 mmol/l glutamine. IEC-6 cells (passages 27±

30) were grown in DMEM containing 5% FCS, insulin 5 mg/ml

(Sigma) and 2 mmol/l glutamine.

The following antibiotics were present in all the culture media:

100 U/ml penicillin G (Britannia Pharmaceuticals, Surrey, UK),

0´1 mg/ml streptomycin (Evans Medical, Surrey, UK) and

0´1 mg/ml gentamycin (Roussel Labs Ltd, Uxbridge, UK).

Upon reaching confluence, the epithelial cell monolayers were

washed and cultured in 1% FCS/DMEM, in the absence or

presence of different concentrations of BFT.

For studies of IL-8 and TGF-b expression, T84 cells were

grown in 12-well plates (see below). For IL-8 and TGF-b protein

and TGF-b bioactivity, confluent monolayers of T84 cells were

exposed to varying concentrations of BFT for 24 h before

collection of supernatants. The supernatants were centrifuged

(13 000 g for 5 min) and stored at 2808C before use in ELISA

and bioassay (see below).

Assay for mitochondrial dehydrogenase activity

This assay was performed to assess the viability of different

epithelial cell lines exposed to BFT. Metabolism by mitochondrial

dehydrogenase of the yellow tetrazolium salt, 3-(4,5-dimetyl-

thiozol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) to the

purple formazan reaction product can be quantified spectro-

photometrically [16].

Confluent monolayers of epithelial cells (HT29, T84, Caco-2,

IEC-6) were cultured in 96-well tissue culture plates (Nunc,

Gibco BRL) and the MTT assays were performed in triplicate.

After culture with BFT for varying time periods (24, 48, 72 and

96 h) MTT (Sigma) was added to the final concentration of

0´5 mg/ml to each well and incubation continued for 4 h before

addition of 100 ml of solubilization solution (5% SDS in 0´1 mm

HCl). Following overnight incubation, spectrophotometric absor-

bance of the samples was performed using an ELISA plate reader

(Labsystem iEMS Reader MF) equipped with a 570-nm filter.

Transmission electron microscopy

After culture in the presence or absence of BFT for 96 h, T84

monolayers were fixed in 2´5% glutaraldehyde (in 0´5 m

cacodylate buffer) for 4 h. Subsequently they were washed in

PBS and postfixed in 1% osmium tetroxide for 1 h before

dehydrating in ethanol and embedding in Epon resin, according to

standard procedures [25]. Suitable areas for TEM were selected

from 0´5 mm toluidine-stained sections. They were stained with

uranyl acetate and lead citrate, before being observed in a Jeol

1200 EX transmission electron microscope.

Reverse transcriptase-polymerase chain reaction

Confluent monolayers of T84 cells were incubated in the presence

of different concentrations of BFT for 24 h (at 378C). The cells

were then harvested for RNA extraction, as described below. The

culture supernatants were filtered by a 0´22 mm pore size filter

and stored at 2208C until use in ELISA or bioassay.

Reverse transcriptase-polymerase chain reaction (RT-PCR)

was carried out as described previously [26]. Briefly, total RNA

was obtained by cell lysis in RNAzol B (Biogenesis Ltd, Poole,

UK), extraction with chloroform, and precipitation with isopro-

panol. Reverse transcription was performed using random primers

and Moloney murine leukaemia virus reverse transcriptase

(Gibco).

The following primer pairs were used in PCR to amplify

cDNA: 5 0 TTG GCA GCC TTC CTG ATT TCT 3 0 and 5 0 TTT

CCT TGG GGT CCA GAC AGA 3 0 to amplify a 220-bp IL-8

product; 5 0 GGT GAA GTT CGG AGT CAA CGG A 3 0 and 5 0

GAG GGA TCT CGC TCC TGG AAG A 3 0 to amplify a 240-bp

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) product.

PCR cycles consisted of denaturation for 45 s at 958C, annealing

at 548C for 90 s and extension at 728C for 90 s. A total of 28

cycles were used to amplify IL-8 transcripts and 23 cycles for
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GAPDH. These cycles of amplification were optimized for the

linear range of the PCR reaction [26,27]. PCR was completed by

heating to 548C for 2 min and 728C for 3 min.

IL-8 and GAPDH PCR products were analysed by gel

electrophoresis to confirm their size. They were subsequently

applied to a nylon membrane and quantified using digoxigenin

(DIG)-labelled (R&D Systems, Minneapolis, MN) oligonucleotide

probes specific for each PCR product (5 0 TCA TTG AGA GTG

GAC C 3 0 for IL-8 product and 5 0 GCC TTG ACG GTG CCA 3 0

for GAPDH product) [26,27].

Following hybridization and incubation with alkaline

phosphatase-conjugated rabbit anti-DIG antibody (Boehringer

Mannheim, Lewes, UK), the membranes were incubated with

chemiluminescent substrate (CPS-Star; Boehringer Mannheim)

and the photons emitted were measured by microplate scintillation

spectrophotometer. The signal for the IL-8 product was recorded

as counts per second and expressed as a ratio of the counts per

second for the GAPDH product.

Control experiments to investigate for genomic DNA

contamination of the RNA samples were always incorporated

during the reverse transcription stage. An aliquot of each extracted

RNA sample was set up without any reverse transcriptase enzyme

and subsequently taken through the PCR amplification steps. No

PCR product was detected in any of these control samples,

confirming the lack of contamination by genomic DNA.

Sandwich ELISA for IL-8 and TGF-b1

Levels of IL-8 and TGF-b1 protein in culture supernatants of

BFT-treated T84 cells were measured by ELISA. For IL-8, plates

were coated with MoAb 208 (capture antibody; R&D Systems)

and bound IL-8 was detected by biotinylated antibody (BAF 208;

R&D Systems). Recombinant human IL-8 (208-IL-010; R&D

Systems) was used as standard cytokine and sensitivity of the

assay was 32 pg/ml, with inter- and intra-assay coefficient of

variation ,5%.

The amount of TGF-b1 secreted into the culture supernatant

was determined using a human TGF-b1 quantikine kit from R&D

Systems. This assay employs the quantitative sandwich enzyme

immunoassay technique, using plates precoated with TGF-b
soluble receptor type II. Samples were activated by acidification

with 1 m HCl (to pH 2´0) for 10 min followed by neutralization

(to pH 7´2±7´6) to transform latent TGF-b1 to the immuno-

reactive form (therefore total TGF-b1 in sample assayed). The

sensitivity of the ELISA was 7 pg/ml, with inter- and intra-assay

coefficient of variation ,7´5%.

TGF-b bioassay

TGF-b bioactivity in culture supernatants of T84 cells exposed to

BFT or control medium was assessed using the mink lung cell line

Mv1Lu (ECACC) [28,29]. Cells (105/well) were seeded in 0´2%

FCS/DMEM using 24-well plates (Costar). After 3 h, recombinant

TGF-b1 (R&D Systems) or culture supernatants were added and

culture continued for 24 h. Incorporation of 3H-thymidine over the

last 3 h of culture was determined. Total content of TGF-b in

culture supernatants was determined following acidification to

pH 2´0 (by addition of HCl) for 1 h followed by neutralization

using NaOH and HEPES (to a final concentration of 16 mmol/l).

Statistical analysis

The results were analysed by one-way analysis of variance and

Student's t-test.

RESULTS

Assessment of viability of intestinal epithelial cell lines exposed to

BFT

Confluent monolayers of different epithelial cell lines (HT29,

T84, Caco-2 and IEC-6) were exposed to different concentrations

of BFT (4000±4 CU/ml) for 24, 48, 72 and 96 h. After each 24-h

interval, viability was assessed by measurement of cellular

mitochondrial dehydrogenase activity (MTT assay).

BFT exposure induced a dose- and time-dependent decrease in

mitochondrial dehydrogenase activity in T84 cells (Fig. 1). After

96 h incubation at 4000 CU/ml and 400 CU/ml of the toxin, the

mitochondrial dehydrogenase activity was virtually abolished.

In T84, Caco-2 and HT29 monolayers cell rounding was seen

within 24 h of application of BFT. However, unlike T84 cells,

there was no significant change in mitochondrial dehydrogenase

activity in Caco-2 and HT29 monolayers despite exposure to

4000 CU/ml of BFT for 96 h (data not shown). In IEC-6 (non-

transformed rat intestinal epithelial cell line) no morphological

changes were observed by light microscopy despite exposure to

high concentrations (4000 CU/ml) of BFT for 96 h (data not

shown). In these cultures there was also no significant change in

mitochondrial dehydrogenase activity (data not shown).

Electron microscopy

TEM of T84 cells exposed to 4000 CU/ml of BFT for 96 h

showed an increase in space between intercellular tight junctions

and cell rounding. Cells also became detached from the culture
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Fig. 1. MTT assays on T84 monolayers exposed to Bacteroides fragilis

toxin (BFT). Confluent monolayers of T84 cells were grown in 96-well

plates in medium only or in medium containing 4 (B), 40 (O), 400 (X) or

4000 (P) cytotoxic units (CU)/ml of BFT. After culture for varying time

periods, MTT assays (which reflect cellular mitochondrial dehydrogenase

activity) were performed. Assays were performed in triplicate and data

points represent means (^ s.e.m.). The figure shows one of three

representative experiments. D, Control cells. *Statistically significant

compared with control cells (P , 0´05).
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dish and from each other, and some of them showed characteristic

morphological features of apoptosis (Fig. 2a,b).

Expression of IL-8 and TGF-b
Of the epithelial cell lines studied, responses to BFT by T84 cells

most closely resembled those by primary colonocytes exposed to

the toxin [30], as shown by morphological changes and cell death

by apoptosis. The T84 cell line was therefore chosen to investigate

BFT-induced changes in expression of IL-8 and TGF-b .

Semiquantitative RT-PCR showed that exposure to BFT, at a

concentration of 4000 CU/ml, significantly enhanced the expres-

sion of IL-8 transcripts (Fig. 3).

Studies by ELISA showed that BFT induced the release of

IL-8 by T84 cells in a dose-dependent fashion (Fig. 4).

BFT also dose-dependently induced the release of TGF-b1 by

T84 cells, when assessed by ELISA (Fig. 5). The ELISA is able to

detect only the bioactive form of TGF-b , and the assay was

therefore performed following acid treatment (and subsequent

neutralization) of supernatants of control and BFT-exposed T84

cells. In order to determine whether the untreated supernatants

contained TGF-b in the biologically active and/or inactive forms,

Fig. 2. Transmission electron micrographs (TEM) of T84 cells exposed to Bacteroides fragilis toxin (BFT). Confluent monolayers of T84

cells were exposed to 4000 cytotoxic units (CU)/ml of BFT for 96 h before examination by TEM. In both (a) and (b), detached rounded

epithelial cells are seen and some of these show characteristic morphological features of cells undergoing apoptosis (large arrows) and also

apoptotic bodies (small arrows).
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studies were performed using a specific bioassay. No TGF-b
bioactivity was detected in untreated supernatants of BFT-exposed

T84 cells (Table 1). However, following acidification (and

subsequent neutralization) specific TGF-b bioactivity was

detected in these supernatants. These studies suggest that the

TGF-b released by BFT-exposed T84 cells is present almost

exclusively in the biologically inactive (latent) form.

DISCUSSION

Injection of rabbit intestinal loops with BFT induces epithelial cell

injury and inflammation characterized by infiltration of the

mucosa by polymorphonuclear cells [17]. The mechanisms by

which BFT induces mucosal inflammation are unknown.

Although BFT has been implicated in diarrhoeal disease in

children [5±7], its capacity to induce mucosal inflammation in

humans remains to be demonstrated. We have recently shown that

purified BFT induces injury to primary human colonic epithelial

cells [15]. This injury was characterized by cell rounding,

separation from adjacent cells and detachment from the basement

membrane. Many of the detached cells demonstrated character-

istic features of cells undergoing apoptosis. It is of interest that the

rate of BFT-induced colonic epithelial cell injury varied between

individuals and in some no morphological changes to epithelial
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Fig. 3. Expression of IL-8 transcripts by T84 cells exposed to Bacteroides

fragilis toxin (BFT). Monolayers of T84 cells were exposed for 24 h to

medium only or medium containing different concentrations of the toxin

(4, 40, 400 or 4000 cytotoxic units (CU)/ml). Total RNA extracted from

each sample was used for semiquantitative reverse transcriptase-polymer-

ase chain reaction (RT-PCR) and enzyme-linked oligonucleotide chemi-

luminescent assay, as explained in Materials and Methods. The expression

of IL-8 transcripts in each sample, relative to that of the constitutive

marker glyceraldehyde-3-phosphate dehydrogenase (GAPDH), was calcu-

lated by dividing the quantified IL-8 PCR products by the corresponding

value for GAPDH products. The data represent mean (^ s.e.m.) of four

separate experiments. *Statistically significant compared with cells grown

in control medium (P , 0´05).
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Fig. 4. IL-8 production by T84 monolayers exposed to Bacteroides

fragilis toxin (BFT). Monolayers of T84 cells were grown to confluence in

12-well plates and exposed to different concentrations of BFT (4, 40, 400

or 4000 cytotoxic units (CU)/ml) or control medium. After 24 h, culture

supernatants were collected and assayed for IL-8 levels by ELISA. The

data represent mean (^ s.e.m.) of six separate experiments. *P , 0´05;

**P , 0´001, versus cells grown in control medium.
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Fig. 5. TGF-b1 production by T84 cells exposed to Bacteroides fragilis

toxin (BFT). Monolayers of T84 cells were grown to confluence in 12-well

plates and exposed to different concentrations of BFT (4, 40, 400 or

4000 cytotoxic units (CU)/ml) or control medium. After 24 h, culture

supernatants were collected and acid-treated to activate latent TGF-b .

Following neutralization, the supernatant samples were assayed for TGF-

b1 levels by ELISA. The data represent mean (^ s.e.m.) of six separate

experiments. *P , 0´05; **P , 0´001, versus cells grown in control

medium.
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cells were seen despite exposure to high concentrations of the

toxin [15]. ETBF and BFT have also been detected in stool

samples of healthy individuals [14,31].

The aim of this study was to investigate cytokine responses to

epithelial cells exposed to BFT. Of the two cytokines studied, IL-8

is a potent chemoattractant of polymorphonuclear cells [32],

whereas TGF-b has been shown to enhance repair of the

`wounded' epithelium [18,19] and also to enhance epithelial

barrier function [20,21]. Thus, the biological actions of these two

cytokines could be important in not only the induction of mucosal

inflammation but also the subsequent recovery of the epithelium.

Because of difficulties in maintaining cultures of isolated primary

colonic epithelial cells, initial studies were performed on four

intestinal cell lines with the aim of identifying one that showed

BFT-induced responses similar to those seen in our recent studies

of primary colonocytes in organ culture [15]. Of the cell lines

studied, T84 cells showed similarities (in response to BFT) most

closely resembling those of primary colonocytes. These include

morphological changes and evidence of cell death by apoptosis.

Although Caco-2 and HT29 cells showed morphological changes

characterized by cell rounding, cell death did not occur. The likely

explanation for this is the presence of chromosomal abnormalities

that regulate the capacity of the carcinoma-derived cells to

undergo apoptosis. Similar, but less severe abnormalities may

explain the delay in cell death in T84 cells, compared with

primary colonocytes [15]. Lack of any BFT-induced morpho-

logical and cell viability changes in IEC-6 cells was surprising, as

this is a non-transformed cell line [33]. The cause of this lack of

an effect of BFT on IEC-6 is currently unknown.

Our studies do however suggest that in addition to hetero-

geneity in responses by primary colonocytes, there is also

heterogeneity in responses by intestinal epithelial cell lines. Such

heterogeneity in responses by different epithelial cell lines has

also been reported previously [12,34]. Our recent studies have

shown that BFT does not have any morphological effects on

primary intestinal subepithelial myofibroblasts (unpublished

observations), which are normally resident below the basement

membrane [35]. MTT assays did not show loss of viability in

response to BFT in these cells, nor in lymphocyte preparations

(unpublished observations). This is in contrast to C. difficile toxin

A, which induces cell death by apoptosis in T cells [30] as well as

epithelial cells [16]. Such differences are likely to be related to the

sites and mechanisms of action of the two toxins. Toxin A is

internalized [36], whereas BFT appears to mediate its activity by

proteolytic action on proteins involved in cell±cell [23,34,37] and

matrix±cell interactions [8]. Indeed, recent studies have shown

that BFT cleaves the zonula adherens protein, E-cadherin, in

epithelial cells [38].

In view of the similarity of their response to primary

colonocytes, T84 cells were chosen for studies to investigate

BFT-induced changes in expression of IL-8 and TGF-b .

Following exposure to the toxin, there was a dose-dependent

increase in the expression of IL-8 mRNA and protein in T84 cells.

This expression was most prominent in response to the highest

concentration of BFT. Since IL-8 is a potent chemoattractant for

polymorphonuclear cells, these studies suggest that BFT is

capable of initiating an inflammatory response by interaction

with epithelial cells. Previous in vitro studies on human intestinal

epithelial cell lines have demonstrated the capacity of pathogenic

microorganisms [39±42] or their toxic products [16] to induce the

release of IL-8.

The mechanism by which BFT induces IL-8 production by

epithelial cells remains to be determined. Since BFT is not

internalized but appears to affect predominantly the cell±cell

[34,37] and probably cell±matrix interactions, we postulate that

the BFT-induced IL-8 production by epithelial cells occurs as a

consequence of this specific type of cell injury. Our previous

studies have shown that similar injury to primary colonic

epithelial cells, by EDTA, which leads to detachment of cells

from the basement membrane and neighbouring cells, induces the

synthesis of IL-8 and subsequent cell death by apoptosis [16].

Exposure to BFT also induced the expression of TGF-b by

T84 cells. Studies by ELISA and bioassay, following acidification

to activate latent TGF-b , showed that the total amount of the

peptide factor secreted by the epithelial cells increased in a dose-

dependent fashion in response to BFT. TGF-b is usually secreted

by cells in a biologically inactive latent form in which the

bioactive dimer remains associated with the cleaved N-terminal

glycopeptide [22]. Proteases and extremes of pH can release the

bioactive TGF-b dimer from the inactive complex [22]. In our

studies, no TGF-b bioactivity (by Mv1Lu assay) was detected in

acid untreated supernatants of T84 cells exposed to BFT. This

suggests that BFT induces the release of the latent form of TGF-b
by T84 cells. BFT is a metalloprotease and was present in the

supernatants studied for TGF-b bioactivity. Our study therefore

suggests that BFT itself is not capable of activating the latent form

of TGF-b and also that it does not induce T84 cells to release

proteases capable of such activation. In vivo, activation of the

released latent form of TGF-b may occur via proteases secreted

by neighbouring cells such as myofibroblasts [43] and/or recruited

inflammatory cells such as polymorphonuclear cells and macro-

phages. Such activation of latent TGF-b by a cell type other than

the one secreting it has been demonstrated before [44].

Our studies therefore suggest that exposure of colonic

epithelial cells in vivo to high concentrations of BFT can initiate

an inflammatory response via secreted IL-8. BFT-induced release

of latent TGF-b would be expected to facilitate the subsequent

Table 1. TGF-b bioactivity in culture supernatants of T84

cells exposed to Bacteroides fragilis toxin (BFT)²

TGF-b (pg/ml)³

BFT concentration

(CU/ml) UTS ATS

None UD 198´0 (^72´7)

400 UD 284´0 (^14´0)

4000 UD 478´0 (^51´4)*

² Confluent monolayers of T84 cells were exposed to

BFT or control medium for 24 h. The culture supernatants

were collected and TGF-b bioactivity was determined

using Mv1Lu cells before (UTS) and after acid treatment

(ATS).

³ The data represent mean (^s.e.m.) of three separate

experiments. In each experiment, the supernatant samples

were studied in triplicate. ATS, Acid-treated supernatants;

UTS, untreated supernatants; UD, undetectable.

* P , 0´05 versus cells grown in control medium.
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repair of the denuded epithelium, following its activation by

proteases from neighbouring cells. Continual exposure of colonic

epithelial cells to high concentrations of BFT (and consequent

persistence of IL-8 release) would be postulated to lead to

diarrhoea secondary to mucosal inflammation. Exposure of

epithelial cells to low concentrations of BFT may not be enough

to induce and/or sustain an inflammatory response. Thus luminal

concentrations of BFT could explain the occurrence of mucosal

inflammation (and diarrhoea) in some carriers of ETBF but not

others. Variation in IL-8- and TGF-b -producing capacity of

epithelial cells of different individuals could also be important

determinants in the development of mucosal disease and

symptoms.
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