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Clostridium difficile is the etiological agent of antibiotic-associated
diarrhea; the most common form of nosocomial infectious diarrhea.
The basis for the shock-like systemic symptoms observed in severe
cases of this infection are not known. It is hypothesized that the inva-
sion of C difficile toxins A and/or B from the gut mucosa may con-
tribute to these symptoms.

A polarized tissue culture model employing Caco-2 cells grown on
transwell inserts was established to study the translocation of purified
C difficile toxins A and B. C difficile toxins were 2] labelled and inoc-
ulated onto confluent polarized Caco-2 cell monolayers to study
translocation dynamics. Electrical resistance measurements were used
to monitor monolayer confluence and tight junction integrity.
Samples were taken from the apical and basal sides of the insert, as well
as the insert itself, and tested using the human foreskin fibroblasts cell
cytotoxicity assay to monitor partitioning of the radiolabelled toxins.
Toxin A produced a 50% reduction in electrical resistance in 3 h
whereas the same concentration of toxin B required at least 7 h to
achieve the same effect. Both toxins A and B were able to translocate
across confluent monolayers of Caco-2 cells. The combination of
toxin A and B together was synergistic with respect to promoting the
translocation of toxin B. Although the addition of toxin A resulted
in a 100% increase in the amount of toxin B able to translocate, no
increases in toxin A translocation were observed. These findings sug-
gest a model of pathogenesis in which C difficile toxin A facilitates
the translocation of toxin B from the gut into submucosal areas where
it may play a role in inflammatory damage.

Key Words: Clostridium difficile; Polarized-monolayers; Toxin A;
Toxin B; Translocation

La translocation de la toxine B du Clostridium
difficile dans les monocouches de cellules
Caco-2 polarisées est renforcée par la toxine A

Le Clostridium difficile est I'agent étiologique de la diarrhée consécutive a
une antibiothérapie, la forme la plus courante de diarrhée infectieuse
nosocomiale. On ne connait pas le fondement des symptdmes systémiques
rappelant Pétat de choc observés dans les graves cas d’infection. On
postule que P'invasion des toxines A ou B du C difficile en provenance de
la muqueuse intestinale contribue a ces symptdmes.

Un modele de culture polarisée de tissus faisant appel a des cellules Caco-2
cultivées sur des inserts transwell a été créé pour étudier la translocation
des toxines A et B purifiées de C difficile. Les toxines du C difficile étaient
étiquetées 121 et inoculées sur des monocouches de cellules Caco-2
polarisées confluentes, afin d’étudier la dynamique de translocation. Des
mesures de résistance électrique ont été utilisées pour évaluer la
confluence des monocouches et lintégrité des barres terminales. Des
échantillons ont été prélevés sur les faces apicales et basales de l'insert,
ainsi que sur linsert méme, et examinés au moyen dun titrage de
cytotoxicité de cellules fibroblastiques du prépuce humain pour surveiller
la séparation des toxines radiomarquées.

La toxine A entrainait une diminution de 50 % de la résistance électrique
au bout de trois heures, tandis qu'il fallait au moins sept heures pour que
la méme concentration de toxine B procure le méme effet. Tant la toxine A
que la toxine B pouvait se transloquer sur des monocouches confluentes
de cellules Caco-2. Lassociation de toxine A et de toxine B était
synergique pour ce qui est de la promotion de la translocation de la toxine B.
Bien que I'ajout de toxine A entraine une augmentation de 100 % de la
quantité de toxine B pouvant étre transloquée, aucune augmentation de
la translocation de la toxine A n’a été observée. Ces observations laissent
supposer I'existence d'un modele de pathogenese selon lequel la toxine A
du C difficile facilite la translocation de la toxine B de l'intestin dans les
zones sous-muqueuses, ol elle jouerait un role dans les lésions
inflammatoires.

lostridium difficile is the leading cause of nosocomial antibiotic-

associated diarrhea and colitis. It is reported to be respon-
sible for 10% to 25% of all cases of antibiotic-associated
diarrhea, for 60% of antibiotic-associated colitis and for almost
all cases of pseudomembranous colitis (1,2). C difficile is able to
overgrow in the intestine of patients whose normal microflora
has been disrupted by antimicrobial or antineoplastic drugs
(3,4). Despite the proliferation in the bowel, studies have
shown that the organism is noninvasive, and systemic spread
of the organism has not been reported. In severe cases of infec-
tion, patients with pseudomembranous colitis may experience
systemic complications resulting in death (5). Presently, the

basis for these systemic symptoms are not known. Studies have
shown that only strains capable of producing both toxins A and
B have been associated with clinical disease (6). Toxin A is a
308 kDa enterotoxin responsible for promoting intestinal fluid
secretion and inflammation. It is cytotoxic and can cause
rounding of many mammalian cells (7-10). Toxin B is a 270 kDa
protein. Although not enterotoxic, it has a 1000-fold greater
cytotoxicity than toxin A (6,8,9,11). Despite extensive
research on the two toxins using animal and biological models,
the model of pathogenesis is still incomplete. Both toxins A
and B are required for intestinal damage in animal studies,
however, the exact role of toxin B in the disease progression is
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unclear. Some animal studies have shown that systemic injec-
tion of minute amounts of toxin B are fatal (12-14).

Despite having large molecular sizes, both toxins are inter-
nalized and act intracellularly (15,16). Once internalized, the
toxins glycosylate small GTP-binding glycosylate proteins of
the Rho subfamily at residue threonine 37 (17). The glycosy-
late process leads to an inactivation of the signalling molecules
and results in a breakdown of the actin filament network, an
integral network for maintaining the cytoskeletal structure of
cells. The resultant depolymerization of F actin to G actin also
leads to a compromise in the gastrointestinal tight junctions
(18,19). Because gastrointestinal tight junctions play key roles
in regulating cellular trafficking and maintenance of bowel
integrity, disruption of their function could potentially lead to
unregulated passage of foreign molecules into the submucosa
from the gut lumen.

To our knowledge, there are no published data to demon-
strate whether toxins A and/or B can cross the intestinal
epithelium to gain access to the submucosa. It is plausible that
systemic symptoms seen in severe cases of disease may be
caused by the translocation of C difficile toxins from the gut
into the submucosa. Once access is made into the submcosa,
the toxins would be free to induce inflammatory mediated sub-
mucosal damage and/or to act systemically.

The aim of the present study was to use a polarized tissue
culture model employing Caco-2 cells grown on transwell
inserts to determine if either toxin A or B of C difficile can
alone or in combination translocate across an intact monolayer.

MATERIALS AND METHODS

Cell culture

Caco-2 cells (ATCC HTB 37), a human colon adenocarcinoma
cell line, was maintained in RPMI 1640 medium (ICN
Biomedicals Inc, USA) supplemented with 20% fetal bovine
serum (Gibco BRL, USA), ImM sodium pyruvate (ICN
Biomedicals Inc, USA) and 2 mM L-glutamine (ICN Biomedicals
Inc, USA). Human foreskin fibroblasts (HFF), a nontransformed
cell line derived from pooled foreskins from children, was main-
tained in RPMI 1640 medium supplemented with 10% fetal
bovine serum, 1 mM sodium pyruvate and 2 mM L-glutamine.
The tissue culture cells were incubated at 35°C in 5% (vol/vol)
CQO, in a water-saturated incubator. Cells were passaged biweekly
using a 0.05% trypsin solution in 0.53 mM EDTA-4Na (1x) to dis-
perse the monolayer followed by a 1:2 split into fresh medium.

Polarized Caco-2 cell monolayers

Caco-2 cells were seeded onto 0.4 um pore transwell inserts
(Corning Costar, USA) by adding 0.5 mL of a cell suspension con-
taining 1.0x10° cells/mL. Tissue culture medium consisting of
RPMI 1640 supplemented with 20% fetal bovine serum, 1 mM
sodium pyruvate and 2 mM L-glutamine was added (1.5 mL) to
the basal side of the insert in each cluster plate. After 24 h, non-
adherent cells were removed from the apical side of the insert and
replaced with fresh tissue culture medium. Electrical resistance
measurements were determined using MILLICELL-ERS probes
(Millipore, USA). Experiments were carried out on confluent
monolayers of Caco-2 cells as determined by incubating until high
stable resistance readings (400 ohm cm? or greater) were estab-
lished. This usually required four to seven days of incubation post-
inoculation. Each test condition was assayed by taking triplicate
readings at each time interval. Three transwell inserts were used
for each test case giving a total of nine replicate readings.
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Purified C difficile toxin A and toxin B

Highly purified C difficile toxin A (Lot: 0197005, Cat #T3001)
and toxin B (Lot: 0197010, Cat #T3002) were generously provided
by Dr David Lyerly (TechLab Inc, USA). Each toxin was purified
to homogeneity at a concentration of 0.46 mg/mL for toxin A and
0.21 mg/mL for toxin B. The toxin preparations were stored at

4°C until used.

Cytotoxin assay

HFF cells (100 pL) were seeded onto 96 cell wells (Corning glass
works, USA) at a concentration of 1.0x10° cells/mL and allowed
to grow to confluence. Test samples consisting of tissue culture
medium sampled (50 pL) from the basal side of the transwell at
various time intervals was inoculated onto the HFF monolayers.
The HFF monolayers were then incubated for 48 h and examined
for cytopathic effect (CPE). Wells with 50% or more cells exhibiting
CPE were scored as positive. Specificity of the CPE produced by
the purified toxin preparations was confirmed by neutralizing the
toxic effect using polyvalent anti-C difficile toxin B serum (Bartels
Inc, USA). Negative and positive controls were included for each
HFF CPE assay performed.

Radiolabelling

Purified test protein (50 ug) was radiolabelled with carrier free
in a reaction vessel containing 100 pL of phosphate buffered saline
using [IODO-BEADS (Pierce chemical co, USA) according to the
manufacturers directions. The radiolabelling reaction was allowed
to occur for 5 min at room temperature. Radiolabelled proteins were
separated from free 125] using a 30 cm x 3.5 mm column packed with
Sephadex G100 (Pharmacia, Sweden). Biological activity of the
radiolabelled proteins was determined by using a HFF cytotoxin
assay and by measuring electrical resistance changes in Caco-2 cells.
The titre of biological activity of the radiolabelled versus nonradio-
labelled proteins was essentially unchanged.

125]

Translocation experiments

Medium from transwells showing high stable resistance measure-
ments was removed and replaced with tissue culture medium con-
taining unlabelled and/or radiolabelled proteins in various
combinations. Resistance measurements were recorded at various
intervals. The distribution of labelled proteins during the time
course of the experiment was assessed by sampling tissue culture
media from apical and basal sides of the insert, as well as, deter-
mining the counts per minute (cpm)/uL. The tissue culture mono-
layer was also assessed by washing the monolayer on the insert
three times with fresh tissue culture medium and then cutting the
rigid insert (with the monolayer attached) out of the transwell
apparatus. All samples were counted for 1 min using a Gamma
5500 (Fullerton, USA). The efficiency of this gamma counter
was 75%.

RESULTS
Transport of compounds across the mucosal barrier of the
intestine is a difficult parameter to study because the organ
exhibits considerable cellular heterogeneity and geometric
structure. Compounding this problem is the lack of easy access
to the serosal side of the epithelium due to the presence of sub-
adjacent tissues (20). With the recent use of cultured intestinal
cells, this problem has been alleviated. The human colonic
carcinoma cell line, Caco-2, is known to show signs of sponta-
neous in vitro enterocytic differentiation characterized by tight
junction and brush border microvilli formation (21). In the
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Figure 1) Translocation of 2I-bovine serum albumen (BSA) in the
presence of toxin A and toxin B. Confluent Caco-2 monolayers on
transwell inserts were inoculated with 250 uL of both toxin A and toxin B
(both toxins at 0.250 ug/mL) and 100 ul. 1251-BSA (0.250 ug/mlL).
Samples from apical, basal and insert were tested for per cent of the
total input counts per minute (cpm). The figure represents the average
of three separate experiments. The electrical resistance measurements
indicate the level of tight junction integrity. The total amount of
radioactivity inoculated onto the insert in the form of radiolabelled BSA
was 2.8x10% cpm

present study, the authors have employed a polarized tissue cul-
ture insert model using Caco-2 cells to study the translocation
of C difficile toxins A and B. This model allows access to both
apical (top) and basolateral (bottom) sides of epithelial cells, a
feat possible using conventional tissue culture cells grown on
plastic surfaces. The ability to assess the cell monolayers from
both apical and basolateral domains allows for the study of the
transport across the cell monolayer; permeability of the cell
monolayer; and electrophysiology of the cell monolayers
including transepithelial resistance.

Preliminary results from experiments which treated Caco-2
monolayers with C difficile toxins indicated that toxin A was
much more efficient at eliciting tight-junction changes com-
pared with the same concentration of toxin B (resistance
dropped to less than 200 ohms 4 h postexposure for toxin A
compared with 24 h for toxin B). Samples of tissue culture
media from the basal side of these transwell inserts were inoc-
ulated onto confluent HFF cells to examine for translocation of
a toxic component using a conventional HFF cell CPE assay.
Translocation of a CPE-causing component was not detected
when only toxin A was tested, but was detected when toxin B
alone was tested. The time required for translocation of a
CPE-causing component was shortened when both toxin A
and toxin B were combined (24 h for toxin B alone compared
with 8 h when both toxin A and B were combined). Although
toxin B is 1000-fold more effective as a cytotoxin than toxin A,
it was not possible to conclude that only toxin B had enhanced
translocation when both toxins were inoculated together onto
the apical side of the transwell insert. Attempts at using mon-
oclonal and polyclonal antibodies targeted against toxin A and
toxin B were unsuccessful in identifying which toxin(s) had
translocated.

To investigate further, a more sensitive method involving
1251 radiolabelling of toxin A and toxin B was employed.

Can J Infect Dis Vol 15 No 2 March/April 2004

Figure 2) Translocation of 12I-toxin A. Confluent Caco-2 monolayers
on transwell inserts were inoculated with 500 uL of ®l-toxin A
(0.250 ug/ml) . Samples from apical, basal, and insert were tested for per
cent of the total input counts per minute (cpm). Each data point repre-
sents the average of three separate experiments. The electrical resistance
measurements indicate the level of tight junction integrity. The total
amount of radioactivity inoculated onto the insert in the form of
1257 toxin A was 9.2x10° cpm

Radiolabelled bovine serum albumen (BSA) served as the con-
trol protein in translocation experiments. The monolayer con-
fluence and tight junction integrity of Caco-2 cells grown on
transwell inserts was tested by inoculating inserts with
1Z51.BSA. Confluent epithelial cell monolayers have defined
tight junctions and regulated cellular trafficking. Under such
conditions, cells will not allow unregulated passage of large
molecular weight proteins. Treatment of inserts with 12°I-BSA
resulted in no change in transepithelial resistance at 10 h or 24 h
(data not shown). There was also only a minimal change in the
distribution of 12°I-BSA (apical side inoculated with 1.37x10% cpm)
in the transwell insert over a 24 h period (1.7% of radioactivity
found on basal side after 10 h and 7.3% of radioactivity found
on basal side after 24 h incubation). These results suggest that
monolayer integrity was maintained and that over the 24 h test
period, proteins such as BSA (66,430 molecular weight) are
unable to translocate efficiently. Figure 1 shows treatment of
inserts with unlabelled toxins A and B in conjunction with
1251.BSA. In contrast to treatment with 12°I-BSA alone, there
was a significant drop in the transepithelial resistance meas-
urements of the Caco-2 cells when toxin A and toxin B were
included (Figure 1). The time required for a drop in transep-
ithelial resistance to 50% of the original value (RDs,) was only
three hours. Analysis of the distribution of 12°I-BSA in the
insert model shows a gradual increase in the amount of radio-
labelled BSA appearing on the basal side over the 10 h test
period. The results indicate a compromise in the integrity of
the Caco-2 cell monolayer elicited by toxin A and B, followed
by nonspecific passage of labelled BSA from the apical to the
basal side of the insert. In the next series of experiments,
inserts were also treated with !2°I-toxin A (Figure 2) and
examined for translocation and/or binding of the radiolabelled
toxin A to epithelial cells. Similar to unlabelled preparations,
125]_toxin A alone was sufficient to cause an RDs, after only 3 h.
Analysis of the distribution of 12°I-toxin A showed a marked
increase in the amount of labelled toxin A appearing on the

85



Du and Alfa

Wl Apical [@Insert [1Basal
100
100 98.4
o——~a0
82.1 - 500
80 74.8
72.3
s o 400
o
o 60 Q
-
'<£ <
Q
E © 300 £
B ~
ES
250 274
20 \ 17.7 I 200
s ]
134 O u}
0 T T T T T T T T T T - 100
0 1 2 3 4 5 6 7 8 9 10
HOURS

Figure 3) Radioactive count distribution for inserts treated with 12°T
labelled toxin A and unlabeled toxin B. Inserts were inoculated with
250 uL of 1251 labelled toxin A (0.250 ug/mL) and 250 uL of unla-
belled toxin B (0.250 ug/mL). Samples from apical, basal and insert
were tested for percent of the total input counts per minute (cpm).
The figure represents the average of three separate experiments. The
electrical resistance measurements indicate the level of tight junction
integrity. The total amount of radioactivity inoculated onto the insert
in the form of radiolabelled toxin A was 4.6x10% cpm

basal side of the insert at each time point tested when com-
pared with treatment with 2°I-BSA alone. The amount of
125] toxin A appearing on the basal side of the insert was
approximately 100% greater than that of 2°I-BSA at each
time point tested. The results suggest that the translocation of
toxin A may occur by a specific mechanism, and that the
process may be directly regulated by eukaryotic cells. There are
at least two plausible mechanisms by which toxin A transloca-
tion across an intact Caco-2 monolayer may occur: when
toxin A is internalized, transported through the cell, and then
expelled from the basal side of the monolayer; or when toxin A
is able to pass through tight junction openings of Caco-2 cells
created by C difficile toxins. Binding of toxin A to receptors on
Caco-2 cell monolayers grown on transwell inserts was also
assessed by cutting the insert out and performing counts.
Results indicated that the amount of toxin A bound to Caco-2
cell monolayers was at background levels. Finding no apprecia-
ble amounts of radiolabelled toxin A associated with Caco-2
cells was unexpected because previously published data (15)
indicated that toxin A was internalized by eukaryotic cells.

To determine if the addition of toxin B would have a syner-
gistic effect on the translocation of toxin A, inserts were treated
with unlabelled toxin B and '#°I-toxin A (Figure 3). The addi-
tion of toxin B did not appear to increase the rate at which
transepithelial resistance drops occurred. These findings sug-
gest that toxin A plays the main role in the disruption of
epithelial tight junctions, and that the limiting factor for tight
junction modulation may be the amount of toxin A present.
The distribution of radiolabelled toxin A in this test condition
also paralleled that of treatment of inserts with toxin A alone.
The addition of toxin B did not seem to influence or augment
the amount of toxin A capable of translocating across an intact
Caco-2 monolayer (Figure 3).

Toxin B is a potent cytotoxin capable of causing rearrange-
ments in cytoskeletal structure. To examine whether toxin B is
able to modulate tight junctions and translocate across an intact
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Figure 4) Radioactive count distribution for inserts treated with 12°]
labelled toxin B. Inserts were inoculated with 500 uL of 12°1 labelled
toxin B (0.250 ug/mL). Samples from apical, basal and insert were
tested for per cent of the total input counts per minute (cpm). The
figure represents the average of three separate experiments. The elec-
trical resistance measurements indicate the level of tight junction
integrity. The total amount of radioactivity inoculated onto the insert
in the form of radiolabelled toxin B was 7.0 x 10° cpm

Caco-2 cell monolayer, inserts were inoculated with 12°I-toxin B
(Figure 4). In contrast to treatment with toxin A alone, the RDs,
for toxin B was 7 h. This corresponded to a two-fold increase in
the time required to elicit the same tight junction effects when
compared with toxin A. When analyzing the distributions of
1L toxin B and 1?°I-toxin A in experiments which tested the
toxins individually, it was found that toxin B translocation was
approximately 5% lower at each time frame. This may be attrib-
uted to the decreased ability of toxin B to affect tight junctions,
thereby limiting the amount of toxin B capable of translocating
through holes created in the tight junctions. To determine if the
addition of toxin A would have a synergistic effect on the translo-
cation of toxin B, inserts were treated with unlabelled toxin A
and ®I-toxin B (Figure 5). The addition of toxin A had a dra-
matic impact on the ability of I-toxin B to translocate across
intact Caco-2 cell monolayers. The amount of toxin B capable of
translocating the monolayer was increased by approximately
100% at each of the time intervals tested. The addition of toxin
A also reduced the RDs of the monolayer to 3 h.

Based on these data, which indicate that toxin B is prefer-
entially translocated, a model of pathogenesis (Figure 6) which
illustrates the synergistic roles of both C difficile toxins is pro-
posed. In contrast to Sears and Kaper’s (22) model for toxin A
translocation, it is suggested that toxin B is the predominant
toxin breaching the submucosal barrier to elicit the inflamma-
tory responses.

DISCUSSION
C difficile has been referred to as “a pathogen of the nineties”
(23). It is the most common cause of infectious nosocomial
diarrhea in hospital and long term care facilities. The disease has
significant implications for costs associated with hospitalization,
as well as patient morbidity and mortality (23,24). Despite the
significance of this infection, the model of pathogenesis is still
incomplete. The relative contributions of toxin A and toxin B
to human intestinal mucosal damage continue to be investi-
gated. It was speculated that toxin A was the most important

Can J Infect Dis Vol 15 No 2 March/April 2004
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Figure 5) Radioactive count distribution for inserts treated with
1251 labelled toxin B and unlabelled toxin A. Inserts were inoculated
with 250 ul of 12°1 labelled toxin B (0.250 ug/mL) and 250 ul of
unlabelled toxin A. Samples from apical, basal and insert were tested
for per cent of the total input counts per minute (cpm). The figure rep-
resents the average of three separate experiments. The electrical resist-
ance measurements indicate the level of tight junction integrity. The
total amount of radioactivity inoculated onto the insert in the form of
radiolabelled toxin B was 7.0x10% cpm

component in disease production because it elicited extensive
tissue damage and fluid accumulation (6,25). Indeed, Sears
and Kaper (22) hypothesized that translocation of toxin A into
the submucosa may be responsible for the submucosal inflam-
matory response seen in histological sections of damaged bowel
from patients with C difficile associated diarrhea. However, it is
now clear that both toxins A and B are important for eliciting
these disease symptoms. Two studies (13,26) support the
shared role of toxin A and toxin B, reporting that it was nec-
essary to vaccinate hamsters against both toxin A and toxin B
in order to confer immunity .

Despite their large molecular sizes, both toxins A and B
appear to have a more efficient mode of translocation across
confluent Caco-2 monolayers compared with BSA. These
findings suggest that the translocation process for the two
toxins is not passive, and that an active transport mechanism
may be involved. Several lines of evidence support this
hypothesis. Although the cellular receptors for toxin B are
unknown, researchers have already identified the putative
receptor for toxin A: a 163 kDa glycoprotein found on the sur-
face of brush border membranes (27). This receptor is believed
to be involved in the attachment process which leads to the
internalization of part or all of toxin A. Using biochemical and
electron microscopy studies, investigators have also revealed
endocytic pathways for both toxins A and B (15,28). Indeed,
evidence supports an active transport model for C difficile toxin
internalization and translocation. The results of our experi-
ments are also in agreement with these findings becuase data
indicated an increased amount of translocation of toxin A and
toxin B in comparison with BSA. Furthermore, our data sug-
gest that the intra- or transcellular trafficking of toxin A is
likely different from that of toxin B, because our data show
that the translocation of toxin B across Caco-2 monolayers is
enhanced compared with toxin A.

Can J Infect Dis Vol 15 No 2 March/April 2004
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Figure 6) Proposed model for synergistic translocation of
Clostridium difficile toxins A and B. Toxin A binds to epithelial
cells and disrupts epithelial tight junctions. This allows both toxins to
gain access to submucosal tissue to elicit an inflammatory response.
Toxin B has enhanced ability to translocate compared with toxin A

When Caco-2 cell monolayers were exposed to toxins A
and B, a synergistic effect was measured for the amount of
toxin B that translocated. A molecular basis for the differen-
tial trafficking of toxin B compared with toxin A cannot be
provided from the data presented; however, several explana-
tions may be proposed. C difficile toxins A and B belong to the
large clostridial cytotoxin family (29). These toxins have
clostridial repetitive oligopeptide (CROP) sequences at their
carboxyl termini which are believed to be involved in cellular
attachment. Each CROP segment consists of either 20 amino
acids or 50 amino acids repeated 14 to 30 times (7,30,31).
Competition assays have shown the ability of CROPs to
inhibit binding of toxin A to cell surfaces (32). There are
30 CROPs in toxin A and 19 CROPs in toxin B (16).
Neutralization experiments using monoclonal antibodies have
revealed a putative hexapeptide sequence (TIDGKK)
believed to be involved in interaction between the toxin and
its cellular receptor (32,33). This hexapeptide sequence was
found in six copies in the CROP region of toxin A, however,
no copies were found in toxin B. These findings suggest that
cellular attachment specificity for the two toxins are different
and may explain why toxin B does not bind to brush border
membranes. Because toxin B cannot bind to cellular recep-
tors, it would have an increased ability to pass through gaps
created in the tight junctions, resulting in greater transloca-
tion efficiencies. The results of our experiments are in agree-
ment with these findings because our data indicated an
increase in translocation for 2°I-toxin B when tested in con-
junction with unlabelled toxin A. Research (16,17) has also
shown that toxin A and toxin B have different sites of local-
ization within endosomal compartments. Because precise cel-
lular trafficking mechanisms for translocation are unknown, it
is possible for the two toxins to use different mechanisms of
translocation (15). In tests which used radiolabelled toxin A
or toxin B alone, the amount of radiolabelled toxin translocating
at each time point remained at similar levels. Because
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toxin A is more efficient at modulating tight junctions, we
would have expected an increased amount of toxin A translo-
cating as a result of passage through holes in tight junctions.
However, this was not observed and may be attributable in
part to the binding of toxin A to cellular receptors in a manner
that does not allow it to translocate.

The results of our experiments suggest a synergistic role
for C difficile toxins in promoting disease symptoms. If cor-
rect, our model would predict that C difficile isolates capable
of producing both toxins would be more virulent because
translocation of toxins would be more efficient. Indeed, most
clinically significant infections have been caused by strains
capable of producing both toxins. Strains deficient in toxin A
production have been reported (34). One such strain,
Serogroup F lacks toxin A and is found only in neonates
(35). Although cytotoxic activity has been detected in stool
samples, the strain has not been associated with clinically
significant disease and most carriers are asymptomatic.
Futhermore, axenic mice inoculated with this strain do not
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