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Abstract
Background—Enterotoxigenic strains of
Bacteroides fragilis (ETBF) have been
implicated in diarrhoeal illness in live-
stock and children, but their role in adult
human colonic disease is unknown.
Aims—To investigate responses by pri-
mary adult human colonic epithelial cells
to purified B fragilis toxin (BFT).
Methods—BFT was purified from culture
supernatant of a highly toxigenic strain of
ETBF. Morphological changes to primary
colonic epithelial cells, in response to
purified BFT, were studied in organ
culture of colonic biopsy specimens from
15 adults.
Results—BFT induced epithelial cell cyto-
toxicity in colonic biopsy specimens from
12/15 subjects. The BFT induced morpho-
logical changes were characterised by epi-
thelial cell rounding, separation from
adjacent cells, and detachment from the
basement membrane. In severely aVected
specimens, almost all the epithelial cells
were aVected. There was heterogeneity
between subjects in the rate at which BFT
induced epithelial cell cytotoxicity oc-
curred. Furthermore, in colonic biopsy
specimens from three subjects, exposure
to BFT did not induce any significant
morphological changes to epithelial cells.
Conclusion—BFT is capable of inducing
cytotoxicity in primary adult human co-
lonic epithelial cells. Such an eVect of
ETBF derived BFT on epithelial cells in
the colon in vivo would be expected to lead
to mucosal inflammation and diarrhoea.
Heterogeneity in responses by primary
colonocytes probably reflects the outcome
of host-BFT interactions. Such interac-
tions in vivo could determine the occur-
rence of colonic disease in some
individuals but not others.
(Gut 1998;43:651–655)
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Bacteroides fragilis is a Gram negative bacillus
which is normally resident in the colonic lumen
of humans and animals.1 2 In the 1980s,
enterotoxin producing strains of B fragilis
(ETBF) were isolated from the faeces of young
farm animals.3–6 Enterotoxigenic activity of
these strains was shown by their ability to elicit
fluid accumulation in lamb ligated intestinal
loops.3 In subsequent studies, the enterotoxin

was shown to induce rounding of cells of the
human carcinoma cell line HT29 and based on
this characteristic, an in vitro assay for the
detection of ETBF has been developed.7–9 The
ETBF enterotoxin has recently been purified
and shown to be a 20 kDa protein with metal-
loprotease activity.10 11 When injected into
intestinal loops, purified B fragilis toxin (BFT)
induces fluid accumulation and inflammation12

and induces a cytotoxic response on HT29
cells.10

In three studies, ETBF has been associated
with diarrhoeal illness in children over one year
old.13–15 Although ETBF has been isolated from
stool samples of adult humans,16 17 its capacity
to induce intestinal disease in these individuals
is unknown. As ETBF has been detected in
stool samples of normal adults as well as those
with diarrhoea, it is possible that the bacterium
may be able to induce colonic disease, via
secreted BFT, in some individuals but not in
others. To cause disease, the first host cells that
BFT would have to interact with in the colon
are epithelial cells. We have investigated
epithelial cell responses to BFT in organ
cultures of colonic biopsy specimens obtained
from adults undergoing colonoscopy.

Materials and methods
PURIFICATION OF BFT

BFT was purified from a highly toxigenic strain
of ETBF (NCTC 11295) as previously de-
scribed by Van Tassel et al.10 Briefly, B fragilis
NCTC 11295 was grown anaerobically at
37°C in prereduced brain heart infusion broth
for 16–18 hours. BFT was purified from
culture supernatant by sequential ammonium
sulphate precipitation, ion exchange chroma-
tography on Q-Sepharose (Pharmacia Biotech,
Brussels, Belgium), hydrophobic interaction
chromatography on phenyl agarose (Sigma
Chemical Co. Ltd, St Louis, Missouri, USA),
and high resolution ion exchange chromatogra-
phy on a Mono-Q column (Pharmacia Bio-
tech, Brussels, Belgium).

Purification of the toxin was monitored by its
cytotoxic eVect on HT29 cells (obtained from
European Collection of Animal Cell Cultures,
Porton Down, UK) characterised by cell
rounding.7–9 The cytotoxic titre of BFT was
expressed as the reciprocal of the highest dilu-
tion of the toxin that causes rounding of more
than 50% of HT29 cells after four hours.8 18 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
four hours). The cytotoxic titre of our purified

Gut 1998;43:651–655 651

Division of
Gastroenterology
L Sanfilippo
Y R Mahida

Institute of Infections
and Immunity,
University of
Nottingham, UK
T J Baldwin
S P Borriello

Istituto di
Microbiologia,
University of Parma,
Italy
M G Menozzi

Correspondence to:
Dr Y R Mahida,
Division of Gastroenterology,
University Hospital,
Queen’s Medical Centre,
Nottingham NG7 2UH, UK.

Accepted for publication
4 June 1998

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.43.5.651 on 1 N

ovem
ber 1998. D

ow
nloaded from

 

http://gut.bmj.com/


(stock) BFT ranged from 10 240 to 40 960
CU, with protein concentration of 1–5 µg/ml.
BFT was frozen (−20°C) in aliquots immedi-
ately after purification and its titre was retested
before and after application to colonic biopsy
specimens in organ culture.

Neutralisation of the cytotoxicity of the
purified BFT was studied using goat anti-BFT
antiserum (gift from Dr TD Wilkins, Virginia
Polytechnic Institute and State University,
Blacksburg, Virginia, USA).19

ORGAN CULTURE STUDIES

Colonic biopsy specimens were obtained from
patients undergoing colonoscopy for clinical
indications (surveillance for polyps, investiga-
tion for occult bleeding, and change in bowel
habit). In addition to biopsy specimens for
routine examination (which were all confirmed
to be normal), additional samples were taken
from the sigmoid colon for organ culture stud-
ies. These studies were approved by the ethics
committee of Queen’s Medical Centre and the
additional samples were only obtained after
informed consent.

Organ culture studies were performed in
pairs using separate biopsy specimens obtained
from the same area of the sigmoid colon. Organ
culture was carried out as previously
described,20 except that the specimens were
cultured in the absence of serum (in RPMI
only). In brief, colonic biopsy specimens were
placed immediately in RPMI (Gibco BRL,
Gaithersburg, Maryland, USA), and within
five minutes of removal, placed on a stainless
steel mesh over a culture dish (Falcon, Becton
Dickinson, Lincoln, New Jersey, USA) con-
taining prewarmed (37°C) RPMI and BFT (at
final concentration of 256–2048 CU/ml) or the
same volume of control buVer. The culture
dishes were placed in a sealed chamber, equili-
brated with 95% O2/5% CO2, and incubated at
37°C. After varying time intervals (two, four,
and 18 hours), biopsy specimens were placed
in either 0.9% NaCl containing 10% formalin
(for routine histological processing) or in fixa-
tive for electron microscopy. Samples were
processed for electron microscopy as described
previously.21

Results
PURIFICATION OF BFT

Purification of BFT was confirmed by sodium
dodecyl sulphate polyacrylamide gel electro-
phoresis (SDS-PAGE) analysis followed by sil-
ver staining, which showed the presence of a
single band of protein of 20 kDa. Immunoreac-
tivity of purified BFT was also confirmed by
western blot analysis (not shown). Cytotoxicity
of BFT on HT29 cells was abolished by prein-
cubation with anti-BFT neutralising antibody
(data not shown).

ORGAN CULTURE STUDIES

Morphological changes to epithelial cells were
studied by light and transmission electron
microscopy of tissue sections of colonic biopsy
specimens cultured in the presence or absence
of BFT. The eVect of BFT was only studied
when there was preservation of epithelial integ-
rity in the paired control specimen. In organ
culture studies of specimens from a total of 20
subjects, two were excluded from analysis
because sections of the control specimens were
unsatisfactory.

In preliminary studies, exposure of colonic
biopsy specimens from three adult subjects to
unfractionated supernatant of ETBF (16–32
CU/ml) did not cause any morphological
changes to epithelial cells. All subsequent
organ culture studies were performed using
purified BFT.

Exposure to purified BFT (256–2048 CU/
ml) induced epithelial cell cytotoxicity in
specimens from 12/15 subjects (table 1). In
general, the sequence of changes in the affected
specimens was characterised by initial focal
areas of epithelial cell rounding, separation
from neighbouring cells, and detachment from
the basement membrane (fig 1A). These early
changes were often initially confined to the
surface epithelial cells (fig 1A) with subsequent
involvement of crypt epithelial cells after
prolonged culture. In the severely aVected
specimens, the majority of cells were detached
from the basement membrane (fig 1B). In
addition to vacuolation, a number of the
detached, separated colonocytes showed mor-

Table 1 Responses to Bacteroides fragilis toxin (BFT) by epithelial cells in organ cultures of colonic biopsy samples from
diVerent subjects

Duration of exposure (hours)

Subject Age (years) Sex BFT applied (CUs) 2 4 18

1 81 M 256 NC C (patchy surface) NT
2 75 F 512 C (patchy surface) C (surface) NT
3 40 M 2048 C (patchy surface) NT C (surface and crypt)
4 32 F 2048 C (patchy surface) C (surface and crypt) NT
5 61 F 2048 C (patchy surface) NT C (surface and crypt)
6 60 M 2048 C (patchy surface) C (surface and crypt) NT
7 83 M 2048 NT C (surface and crypt) NT
8 50 F 2048 NT NC C (surface and crypt)
9 52 F 2048 NT C (surface and crypt) NT
10 53 F 2048 NT C (patchy surface) C (surface and crypt)
11 32 F 2048 NT C (patchy surface) C (surface and crypt)
12 26 M 2048 NT C (patchy surface) C (surface and crypt)
13 59 F 512 NC NT NC
14 50 F 2048 NT NC NT
15 77 M 2048 NT NC NT

Responses by epithelial cells were characterised, sequentially over time, by involvement of focal areas of surface epithelium (“patchy
surface”), whole (or most) of the surface epithelium (“surface”), and crypt epithelial cells (“crypt”). The final concentration of BFT
protein in the the organ cultures ranged from 100 to 300 ng/ml.
C, cytotoxicity observed; NC, no cytotoxicity observed; NT, not tested.
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phological features of cells undergoing apopto-
sis (figs 1C, 2B,C).

There was heterogeneity between subjects in
the rate at which BFT induced epithelial cell
changes occurred. Thus in one subject (no 8 in
table 1), no epithelial cell changes were seen at
four hours but mild to moderate BFT induced
epithelial cell cytotoxicity was seen after
culture for 18 hours. Colonic biopsy specimens
from this subject were exposed to the highest
concentration of BFT (2048 CU/ml) used in
this study. In another subject (no 1 in table 1),
no changes were seen after culture with BFT
for two hours, but focal epithelial cytotoxicity
was observed after four hours. In colonic
biopsy specimens from three subjects (nos
13–15 in table 1), exposure to BFT (for 2–18
hours) did not induce any significant morpho-
logical changes in the epithelial cells. Cytotoxic
activity of BFT was reconfirmed at the end of
all organ culture studies, by applying the
culture supernatant to HT29 cells.

Discussion
Although ETBF has been associated with diar-
rhoeal illness in children,13–15 its role in causing
intestinal disease in adults is unknown. BFT
has been detected in stool samples of adults
with diarrhoea, with titres ranging from 80 to
5120 CU.17 Thus, the enterotoxin is present in
the colonic lumen in vivo in concentrations
used in this study. We believe that unfraction-
ated supernatant of ETBF did not induce any
morphological changes to the epithelial cells
because only low concentrations of BFT
(16–32 CU) were present. Our study shows

that in the presence of high concentrations of
BFT, cytotoxicity is seen in primary human
colonic epithelial cells of adults. The BFT
induced morphological changes to the colonic
epithelial cells are similar to those described in
the intestinal tissue of animals naturally
infected with ETBF22 or following intraluminal
inoculation of either ETBF or purified
BFT.12 23–25 These changes include areas of focal
involvement of the epithelium with cell round-
ing, vacuolation, separation from neighbouring
cells, and detachment from the basement
membrane. BFT induced morphological
changes in our study are also similar to those
observed following exposure of primary human
colonocytes to purified Clostridium diYcile
toxin A.20 C diYcile is the aetiological agent of
antibiotic associated pseudomembranous coli-
tis and the disease is mediated via secreted
toxins.26 C diYcile toxin A also induces epithe-
lial cell production of the potent polymorpho-
nuclear cell chemoattractant, interleukin 8
(IL-8),20 27 which may play an important role in
initiating colonic inflammation in humans.28

Physical detachment of primary human colonic
epithelial cells, from each other and from the
basement membrane, also induces IL-8 pro-
duction and release (and subsequent colono-
cyte death by apoptosis).20 As shown in our
present study, and reported in a recent prelimi-
nary communication,29 BFT also induces
detachment of primary human colonic epithe-
lial cells. We therefore postulate that BFT
would be capable of initiating colonic inflam-
mation in vivo by injuring colonocytes and
inducing IL-8 release. Indeed, injection of

Figure 1 Photomicrographs of haematoxylin and eosin stained sections of colonic biopsy specimens (subject 3 in table 1)
exposed to BFT for two hours (A) and 18 hours (B,C). BFT was used at a final concentration of 2048 CU/ml. The paired
control specimen (D) was cultured in RPMI (+ control buVer) for 18 hours. There is preservation of epithelial integrity in
the control biopsy sample. In the specimen exposed to the toxin for two hours there is focal detachment of surface epithelial
cells (patchy eVect). After 18 hours exposure to BFT both the surface and crypt epithelial cells are severely aVected: they are
rounded and most have become detached from the basement membrane and from each other. As shown in (C), there is
epithelial cell rounding, detachment from the basement membrane, and vacuolation. Some cells show morphological features
of apoptosis (arrowed).
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purified BFT into ligated intestinal loops of
animals has been shown to induce acute
inflammation.12

In vitro studies using confluent monolayers
of the carcinoma derived HT29 colonic
epithelial cell line have shown that BFT
disrupts barrier function.30 BFT induced sepa-
ration and rounding of HT29 cells has also
been reported to be associated with augmented
internalisation of selected strains of enteric
bacteria via the exposed lateral membranes.18

Such eVects of BFT in vivo would expose the

underlying lamina propria lymphocytes and
macrophages to luminal bacteria and their
products via pores in the basement
membrane,31 with the potential for further
exacerbation of mucosal inflammation.

It is of interest that in our organ culture
studies, there was heterogeneity in responses to
BFT by colonic epithelial cells from diVerent
individuals. On the one hand, no changes to
colonocytes were seen in biopsy specimens
from one individual, despite exposure to BFT
for 18 hours. In contrast, severe cytotoxicity
was seen in the surface and crypt epithelial cells
of colonic mucosal samples from many indi-
viduals, within four hours of exposure to BFT.
In two subjects, epithelial cell cytotoxicity was
not observed initially but occurred at later time
points (four and 18 hours).

Separate biopsy specimens from the same
region of the sigmoid colon were used for test
and control organ cultures, over diVerent time
periods. It is possible therefore that our results
also reflect heterogeneity in responses to BFT
within biopsy specimens from the same indi-
vidual. However, we believe that this is highly
unlikely as a cytotoxic response in the epithelial
cells (to BFT) always occurred at later time
points if one was seen at an early time point
(subjects 2, 3, 4, 5, 6, 10, 11, and 12, in table
1).

Reasons for the heterogeneity between indi-
viduals in responses by colonic epithelial cells
are likely to include the amount of toxin reach-
ing the surface of epithelial cells and the subse-
quent outcome of the BFT-host cell interac-
tion. Similarly, the outcome of host-BFT
interactions in the colon in vivo could deter-
mine the occurrence of colonic disease in some
individuals but not others. The concentration
of BFT reaching the colonocytes would
depend on its production by ETBF and the
extent to which components of the surface
mucus layer are able to inhibit its penetration
to the surface of the epithelial cells. Such com-
ponents of host defence include mucin glyco-
protein and secretory IgA antibodies.32

In addition to the toxin induced morphologi-
cal changes outlined above, there may be other
similarities between ETBF and toxigenic C dif-
ficile. Unresponsiveness to high concentrations
of C diYcile toxin A by primary human colonic
epithelial cells has been reported.20 Further-
more, a significant proportion of hospitalised
adults are asymptomatic carriers of toxigenic C
diYcile.33 34

Further studies should allow characterisa-
tion of the role of ETBF in the induction of
diarrhoea and colonic disease in adults. Such
studies include investigation of stool samples of
healthy adults and those with diarrhoea for the
presence of ETBF and BFT. We postulate that
in susceptible individuals, diarrhoea due to
ETBF would be associated with BFT induced
inflammation. Histological examination of co-
lonic biopsy specimens of patients with diar-
rhoea, in whom free BFT is detected in the
stool sample, should allow this postulate to be
tested.

Figure 2 Transmission electron micrographs of control (A)
and BFT exposed (B,C) colonic biopsy specimens cultured
for four hours. In micrographs of BFT exposed biopsy
specimens there is notable vacuolation (B). Apoptotic
epithelial cells are also seen (arrowed). Bar=1 µm.
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