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ANTIBODY TO CYTOLETHAL DISTENDING TOXIN
OF CAMPYLOBACTER JEJUNI

FIELD OF INVENTION
This invention relates to the diagnosis, treatment and prevention of irritable

bowel syndrome.

BACKGROUND

The following description includes
information that may be useful in understanding the present invention. It is not an
admission that any of the information provided herein is prior art or relevant to the
presently claimed invention, or that any publication specifically or implicitly
referenced is prior art. )

Cytolethal distending toxin (CDT) is a bacterial protein toxin produced by
several pathogenic bacteria. CDT is composed of three subunits, CdtA, CdtB and
CdtC, which together form a ternary complex. CdtB is the active component, and
CdtA and CdtC are involved in delivering CdtB into the cells. CDT controls host cells
by CdtB-mediated limited DNA damage of the host cell chromosome, which triggers
the response of the cell cycle checkpoint and results in G2 arrest in the celis. CDT
also induces apoptotic cell death of lymphocytes, which may be relevant to onset or
persistence of chronic infection by the producing bacteria. (Ohara et al., J. Biochem,
2004, Vol. 136, No. 4 409-413.) Additionally, the presence of CdtB is universal
among bacteria that cause food poisoning (e.g., Campylobacter (e.g., C. jejuni, C.
coli), Escherichia coli (e.g., enterotoxigenic E. coli (ETEC), enterohaemorrhagic E.
coli (EHEC), enteropathogenic E. coli (EPEC)), Salmonella, Shigella, and
Clostridium difficile).

Irritable bowel syndrome (“IBS”) is a disorder characterized by, inter alia,
cramping, abdominal pain, bloating, constipation, and diarrhea. IBS can cause a
great deal of discomfort and distress. While many people can control their
symptoms with diet, stress management, and medications, for some people IBS can
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be disabling. They may be unable to work, attend social events, or even travel short
distances. As many as 20% of the adult population have symptoms of IBS; making it
one of the most common disorders diagnosed by doctors.

In addition to irritable bowel syndrome, another phenomenon linked to IBS is
non-ulcer dyspepsia (NUD). This is a condition whereby subjects experience
discomfort in the upper abdominal area that cannot be explained by findings on an
endoscopy such as an ulcer or irritation of the lining of stomach or intestine. This
condition is another of the functional bowel conditions. There is a general recognition
that very often there is an overlap between IBS and NUD to a degree that is more
than just common occurrence (Talley et al., The association between non-ulcer
dyspepsia and other gastrointestinal disorders. SCAND J GASTROENTEROL
1985;20:896-900). In addition, recent evidence suggests that acute gastroenteritis
can precipitate IBS and NUD (Mearin et al., Dyspepsia and irritable bowel syndrome
after a Salmonella and gastroenteritis outbreak: One year follow up cohort study.
GASTROENTEROL 2005;129:98-104.). This evidence suggests that the
pathophysiology of IBS and NUD may be linked to this initial food poisoning insult.
As such, it is likely that the same mechanisms are in play.

Accordingly, there exists a need for diagnosis, treatment, prevention and
reduction of the likelihood of having or developing IBS as well as NUD. Heretofore,
there has been no association between CDT and IBS or CDT and NUD. Based
upon the inventors’ findings, therapies and diagnostics based on the association
between CDT and IBS as described herein can be beneficial for IBS subjects, to
prevent or reduce a subject’s likelihood of developing IBS and/or NUD.

SUMMARY OF THE INVENTION
The following embodiments and aspects thereof are described and illustrated
in conjunction with compositions and methods which are meant to be exemplary and
illustrative, not limiting in scope.
The present invention provides for a method, comprising: obtaining a
biological sample from a subject selected from the group consisting of: a subject in
need of a diagnosis regarding irritable bowel syndrome (IBS), a subject in need of a

diagnosis regarding a subset of IBS, a subject in need of a determination of a
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likelihood of having or developing IBS, a subject in need of a determination of a
likelihood of having or developing a subset of IBS, a subject in need of a diagnosis
regarding non-ulcer dyspepsia (NUD), a subject in need of a determination regarding
small intestinal bacterial overgrowth (SIBO), a subject in need of a determination of a
susceptibility to having SIBO, a subject who desires a prognosis of a response to
antibiotic treatment for IBS, a subject who desires a prognosis of a response to
antibiotic treatment to reduce the likelihood of having IBS and combinations thereof;
detecting the presence or absence of cytolethal distending toxin (CDT) or one or
more markers of CDT in the biological sample; and correlating the presence of CDT
or one or more markers of CDT with a likely presence of IBS, a likely presence of a
subset of IBS, a likelihood of having or developing IBS, a likelihood of having or
developing a subset of IBS a likely presence of NUD, a likely presence of SIBO, a
higher susceptibility to having SIBO, a higher likelihood of having a beneficial result
from antibiotic treatment for IBS, and/or a higher likelihood of having a beneficial
result from antibiotic treatment to reduce the likelihood of having IBS, or correlating
an absence of CDT and an absence of one or more markers of CDT with a likely
absence of IBS, a likely absence of the subset of IBS, a lower likelihood of having or
developing IBS, a lower likelihood of having or developing the subset of IBS, a likely
absence of NUD, a likely absence of SIBO, a lower susceptibility to having SIBO, a
lower likelihood of having a beneficial result from antibiotic treatment for IBS, and /or
a lower likelihood of having a beneficial result from antibiotic treatment to reduce the
likelihood of having IBS.

In one embodiment, the method may further comprise identifying the subject
in need of the diagnosis regarding IBS, the subject in need of the diagnosis
regarding the subset of IBS, the subject in need of the determination of the likelihood
of having or developing IBS, the subject in need of the determination of the likelihood
of having or developing subset of IBS, the subject in need of the diagnosis regarding
NUD, the subject in need of the determination regarding SIBO, the subject in need of
the determination of the susceptibility to having SIBO, the subject who desires the
prognosis of the response to antibiotic treatment for IBS, and/or the subject who
desires the prognosis of the response to antibiotic treatment to reduce the likelihood
of having IBS.
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In another embodiment, the method may further comprise choosing an
antibiotic therapy for the subject based on the likely presence of IBS, the likely
presence of the subset of IBS, the likelihood of having or developing IBS, the
likelihood of having or developing the subset of IBS, the likely presence of NUD, the
likely presence of SIBO, the higher susceptibility to having SIBO, the higher
likelihood of having the beneficial result from antibiotic treatment for IBS, and/or the
higher likelihood of having the beneficial result from antibiotic treatment to reduce the
likelihood of having IBS.

In one embodiment, the subset of IBS may be selected from the group
consisting of constipation-predominant IBS, diarrhea-predominant IBS, mixed IBS,
undetermined IBS, and antibiotic responsive IBS.

In a certain embodiment, the one or more markers of CDT may be an
antibody capable of binding specifically to CDT, CdtA, CdtB, CdtC or a fragment
thereof. In one embodiment, the CdtB may be CdtB of Campylobacter jejuni. In a
certain embodiment, the CdtB of Campylobacter jejuni has an amino acid sequence
at least 80% identical to SEQ ID NO:5.

In another embodiment, the antibody is capable of binding specifically to an
epitope on 5 to 22 contiguous residues of SEQ ID NO:5. In a certain embodiment,
the epitope may be on 17 contiguous residues as disclosed by SEQ ID NO:3. In
another embodiment, the antibody may be capable of binding specifically to an
epitope on SEQ ID NO:4.

In another embodiment, the CdtB may be CdtB of Campylobacter coli and has
an amino acid sequence at least 80% identical to SEQ ID NO:1. In another
embodiment, the CdtB may be CdtB of Escherichia coli, Salmonella, Shigella, or
Clostridium difficile.

The present invention also provides for a method, comprising: providing a
composition to elicit a specific immune response, comprising: an agent selected from
the group consisting of a fragment of cytolethal distending toxin (CDT) incapable of
causing irritable bowel syndrome (IBS), CdtA incapable of causing IBS, CdtB
incapable of causing IBS, CdtC incapable of causing IBS, CDT mutein incapable of
causing IBS, a fragment of CDT mutein incapable of causing IBS, CdtA mutein
incapable of causing IBS, CdtB mutein incapable of causing IBS, CdtC mutein
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incapable of causing IBS, a bacterium comprising a mutated CDT gene rendering
the bacterium incapable of causing IBS, and combinations thereof; and administering
the composition to a subject in need thereof to elicit a specific immune response. In
various embodiments, eliciting the specific immune response reduces the subject’s
likelihood of developing or having IBS, or reduces the subject’s likelihood of
developing or having non-ulcer dyspepsia (NUD).

In one embodiment, the bacterium may be Campylobacter jejuni 81-176 that
failed to express a functional cytolethal distending toxin B (CdtB) due to an insertion
mutation at the gene for CdtB. In a certain embodiment, the bacterium may be
killed. In another embodiment, the bacterium may be attenuated.

The present invention also provides for a method, comprising: providing a
cytolethal distending toxin (CDT) inhibitor and/or a CDT neutralizer to reduce the
likelihood of developing or having irritable bowel syndrome (IBS) or to reduce the
likelihood of developing or having non-ulcer dyspepsia (NUD); and administering the
CDT inhibitor and/or the CDT neutralizer to a subject in need thereof.

In one embodiment, the CDT inhibitor and/or the CDT neutralizer may be an
antibody capable of binding specifically to CDT or a subunit of CDT. In one
embodiment, the subunit of CDT may be CdtB. In a certain embodiment, the CdtB
may be CdtB of Campylobacter jejuni. In a certain embodiment, the CdtB of
Campylobacter jejuni may have an amino acid sequence at least 80% identical to
SEQ ID NO:5.

In another embodiment, the antibody binds specifically to an epitope on 5 to
22 contiguous residues of SEQ ID NO:5. In another embodiment, the epitope is on
17 contiguous residues as disclosed by SEQ ID NO:3.

In another embodiment, the antibody is capable of binding specifically to an
epitope on SEQ ID NO:4.

In another embodiment, the CdtB may be CdtB of Campylobacter coli and
may have an amino acid sequence at least 80% identical to SEQ ID NO:1. In
another embodiment, the CdtB may be CdtB of Escherichia coli, Salmonella,
Shigella or Clostridium difficile.

The present invention also provides a purified antibody that binds specifically
to cytolethal distending toxin (CDT) a subunit of CDT and inhibits or neutralizes CDT
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or the subunit of CDT. In one embodiment, the subunit of CDT may be CdtB. Ina
certain embodiment, the CdtB may be CdtB of Campylobacter jejuni. In one
embodiment, the CdtB of Campylobacter jejuni may have an amino acid sequence at
least 80% identical to SEQ ID NO:5.

In another embodiment, the purified antibody binds specifically to an epitope
on 5 to 22 contiguous residues of SEQ ID NO:5 In one embodiment, the epitope
may be on 17 contiguous residues as disclosed by SEQ ID NO:3.

In another embodiment, the purified antibody binds specifically to an epitope
on SEQ ID NO:4.

In another embodiment, the CdtB is CdtB of Campylobacter coli and has an
amino acid sequence at least 80% identical to SEQ ID NO:1.

Other features and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,
which illustrate, by way of example, various features of embodiments of the

invention.

BRIEF DESCRIPTION OF THE FIGURES
Exemplary embodiments are illustrated in referenced figures. It is intended

that the embodiments and figures disclosed herein are to be considered illustrative
rather than restrictive.

Figure 1 depicts the amino acid sequence of CdtB of Campylobacter coli
(SEQ ID NO:1) in accordance with an embodiment of the present invention.

Figure 2 depicts the nucleic acid sequence of CdtB of Campylobacter coli
(SEQ ID NO:2) in accordance with an embodiment of the present invention.

Figure 3 depicts a nerve stained with antibodies against CdtB in accordance
with an embodiment of the present invention.

Figure 4 depicts the amino acid sequence of CdtB of Campylobacter jejuni
subsp. jejuni 81-176 (SEQ ID NO:5) in accordance with an embodiment of the

present invention.
DESCRIPTION OF THE INVENTION

Unless defined otherwise, technical and scientific terms used
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herein have the same meaning as commonly understood by one of ordinary skill in
the art to which this invention belongs. Singleton et al., Dictionary of Microbiology
and Molecular Biology 3 ed., J. Wiley & Sons (New York, NY 2001); March,
Advanced Organic Chemistry Reactions, Mechanisms and Structure 5" ed., J. Wiley
& Sons (New York, NY 2001); and Sambrook and Russel, Molecular Cloning: A
Laboratory Manual 3rd ed., Cold Spring Harbor Laboratory Press (Cold Spring
Harbor, NY 2001), provide one skilled in the art with a general guide to many of the
terms used in the present application. For references on how to prepare antibodies
described herein, see D. Lane, Antibodies: A Laboratory Manual (Cold Spring Harbor
Press, Cold Spring Harbor NY, 1988); Kohler and Milstein, (1976) Eur. J. Immunol.
6: 511; Queen et al. U. S. Patent No. 5,585,089; and Riechmann et al., Nature 332:
323 (1988).

One skilled in the art will recognize many methods and materials similar or
equivalent to those described herein, which could be used in the practice of the
present invention. Indeed, the present invention is in no way limited to the methods
and materials described. For purposes of the present invention, the following terms
are defined below.

“Beneficial results” may include, but are in no way limited to, lessening or
alleviating the severity of the disease condition, preventing the disease condition
from worsening, slowing down the progression of the disease condition, preventing
the development of the disease condition, reducing the likelihood of developing the
disease condition, and curing the disease condition.

“‘Mammal” as used herein refers to any member of the class Mammalia,
including, without limitation, humans and nonhuman primates such as chimpanzees,
and other apes and monkey species; farm animals such as cattle, sheep, pigs, goats
and horses; domestic mammals such as dogs and cats; laboratory animals including
rodents such as mice, rats and guinea pigs, and the like. The term does not denote
a particular age or sex. Thus adult and newborn subjects, as well as fetuses,
whether male or female, are intended to be including within the scope of this term.

“Conditions” and “disease conditions,” as used herein may include, but are in
no way limited to any form of irritable bowel syndrome (e.g., diarrhea-predominant,
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constipation-predominant, mixed (constipation and diarrhea), and undetermined),
altered bowel function, and irregular bowel pattern.

“Irregular bowel pattern” as used herein refers to a change in the consistency
of stool form and/or a change in the frequency of bowel movements.

“Treatment” and “treating,” as used herein refer to both therapeutic treatment
and prophylactic or preventative measures (e.g., to reduce the likelihood of having
the condition or disease condition), wherein the object is to prevent or slow down
(lessen) the targeted pathologic condition or disorder even if the treatment is
ultimately unsuccessful. Those in need of treatment include those already with the
condition or disorder as well as those prone to have the condition or disorder or
those in whom the condition or disorder is to be prevented (e.g., reducing the
likelihood of having the condition or disorder).

“Antibody” or “antibodies” as used herein include polyclonal antibodies,
monoclonal antibodies, antibody variants such as single chain (recombinant) Fv,
human antibodies, humanized antibodies, chimeric antibodies, and immunologically
active fragments of antibodies.

“Purified” antibody as used herein refers to an antibody which has been
identified, separated and/or recovered from a component of its natural environment.
For example, composition comprising an antibody as described herein will be
purified from a cell culture or other synthetic environment to greater than 60%, 70%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% by weight of the antibody.

“Binds specifically” as used herein refers to the act of an antibody binding to
its antigen and is intended to exclude low-level, non-specific binding that may occur
between random proteins. “Binds specifically” as used herein is not intended and
does not imply that the antibody will not bind to any protein other than the proteins or
polypeptides as disclosed herein since antibodies can cross-react with any protein
that includes the relevant epitope.

“CDT mutein” and “mutein of CDT" refer to a CDT molecule or a CDT subunit
having one or more amino acids that have been mutated to alter its properties (e.g.,
inability to cause conditions or disease conditions described herein, capability to
elicit a specific immune response and/or to serve as a vaccine). Mutations include

substitution, deletion and/or insertion of one or more amino acids.
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In a new post-infectious rat model designed to investigate the
pathophysiology of irritable bowel syndrome (IBS), rats developed altered stool form
3 months after clearance of Campylobacter jejuni infection. A common toxin among
the numerous bacterial pathogens known to cause acute gastroenteritis and post-
infectious IBS is cytolethal distending toxin (CDT). The inventors aimed to determine
if CDT plays a role in the long term altered bowel function after gastroenteritis using
a rat model of post-infectious IBS. The inventors found that CDT is important in the
development of chronic altered bowel function in a rat model of post-infectious IBS.
Rats exposed to a Campylobacter strain that was deficient in CDT had bowel
patterns more consistent with normal rats.

Further, the inventors discovered that two distinct antibodies to the B subunit
of the cytolethal distending toxin both appear to bind rat intestinal neuromuscular
elements even in the absence of previous exposure to C. jejuni. This finding
suggests that anti-CdtB antibodies may be reacting to a host protein or structure with
sequence homology or structural similarity to CdtB. It also raises the possibility that
molecular mimicry and aberrant host immune responses may mediate chronic Gl
sequelae (e.g., PI-IBS) of C. jejuni infection. As such, there may be a protein on
nerves that is similar to CDT and the immune system is reacting to that protein after
infection with C. jejuni. This can cause long term disturbance in bowel function.
Thus, detecting the antibody in human bloodstream could allow for the diagnosis of
IBS.

Various embodiments of the present invention are based on the findings that
CDT is important in the development of chronic altered bowel function in a rat model
of post-infectious IBS and that anti-CdtB antibodies may be reacting to a host protein
with homology to CdtB.

Various embodiments of the present invention provide agents capable of
inhibiting and/or neutralizing CDT (“CDT inhibitor” and “CDT neutralizer”).

In various embodiments, the agent is a purified antibody that binds specifically
to CDT and inhibits and/or neutralizes the activity of CDT. These antibodies are also
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useful for additional purposes, such as diagnosing a subject’s likelihood of having
IBS, as discussed below. The amino acid sequences of CDT are known in the art.

In one embodiment, the purified antibody specifically binds to an epitope on
the receptor-binding domain of CDT.

In another embodiment, the purified antibody binds specifically to the CdtA
subunit of CDT. In another embodiment, the purified antibody binds specifically to
the CdtB subunit of CDT. In another embodiment, the purified antibody binds
specifically to the CdtC subunit of CDT.

An example of a CdtB amino acid sequence is Campylobacter jejuni cytolethal
distending toxin B, which has the amino acid sequence (SEQ ID NO: 5) as shown in
Figure 4.

Another example of a CdtB amino acid sequence is Campylobacter coli
cytolethal distending toxin B, which has the amino acid sequence (SEQ ID NO: 1)
and nucleic acid sequence (SEQ ID NO:2), as shown in Figures 1 and 2,
respectively.

Accordingly, in one embodiment, the purified antibody binds specifically to
SEQ ID NO:5 (CdtB of C. jejuni). In various embodiments, the purified antibody
binds specifically to an amino acid sequence at least 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99% identical to SEQ ID NO: 5.

In another embodiment, the purified antibody binds specifically to SEQ ID
NO:1 (CdtB of C. coli). In various embodiments, the purified antibody binds
specifically to an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% identical to SEQ ID NO: 1.

In another embodiment, the purified antibody binds specifically to a 17 residue
peptide of CdtB (e.g., 17 residues of SEQ. ID NOs: 1 or 5). In one embodiment, the
17 residue peptide has the following sequence: LDYAITGNSNRQQTYTP (SEQ ID
NO:3).

In other embodiments, the antibody binds specifically to a 17 residue peptide
that has at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% homology
with 17 contiguous residues of CdtB (e.g., 17 contiguous residues of SEQ. ID NOs: 1
or 5). In one embodiment, the 17 residues of CdtB have the following sequence:
LDYAITGNSNRQQTYTP (SEQ ID NO:3).

10
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In other embodiments, the antibody binds specifically to a polypeptide
comprising 17 residues that have at least 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99% or 100% homology with 17 contiguous residues of CdtB (e.g., 17 residues of
SEQ. ID NOs: 1 or 5). In one embodiment, the 17 contiguous residues of CdtB have
the following sequence: LDYAITGNSNRQQTYTP (SEQ ID NO:3).

In another embodiment, the purified antibody binds specifically to an 18
residue peptide having the following sequence: CLDYAITGNSNRQQTYTP (SEQ ID
NO:4). The cysteine at the N-terminus was added to SEQ ID NO:3 for purposes of
conjugation.

In other embodiments, the antibody binds specifically to a polypeptide
comprising 18 residues that have at least 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99% or 100% homology to CLDYAITGNSNRQQTYTP (SEQ ID NO:4).

In another embodiment, the purified antibody binds specifically to a 5, 6, 7, 8,
9,10, 11,12,13, 14, 15, 16, 17, 18, 19, 20, 21, or 22 residue peptide that has at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% homology with 5, 6, 7, 8,
9,10,11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, or 22 contiguous residues of CdtB
(e.g.,5,6,7,8,9,10,11,12,13, 14, 15, 16, 17, 18, 19, 20, 21, or 22 contiguous
residues of SEQ ID NOs:1 or 5). In another embodiment, the purified antibody binds
specifically to a polypeptide comprising 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, or 22 residues that has at least 80%, 85%, 90%, 95%, 96%, 97 %,
98%, 99% or 100% homology with 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, or 22 contiguous residues of CdtB (e.g., 5,6,7, 8,9,10, 11, 12, 13, 14, 15,
16,17, 18, 19, 20, 21, or 22 contiguous residues of SEQ ID NOs:1 or 5). Contiguous
residues of SEQ ID NO:1 include those beginning at any amino acid and ending at
any amino acid of SEQ ID NO:1. Contiguous residues of SEQ ID NO:5 include those
beginning at any amino acid and ending at any amino acid of SEQ ID NO:5.

In another embodiment, the purified antibody binds specifically to a 5, 6, 7, 8,
9,10, 11,12, 13, 14, 15, 16, or 17 residue peptide that has at least 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99% or 100% homology with 5, 6,7, 8, 9, 10, 11, 12, 13, 14,
15, 16, or 17 contiguous residues of LDYAITGNSNRQQTYTP (SEQ ID NO:3) (e.g.,
5,6,7,8,9,10, 11,12, 13, 14, 15, 16, or 17 contiguous residues of SEQ ID NO:3).
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In another embodiment, the purified antibody binds specifically to a polypeptide
comprising 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 residues that has at least
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% homology with 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, or 17 contiguous residues of SEQ ID NO:3 (e.g., 5, 6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, or 17 contiguous residues of SEQ ID NO:3).
Contiguous residues of SEQ ID NO: 3 include those beginning at any amino acid
and ending at any amino acid of SEQ ID NO: 3.

In another embodiment, the purified antibody binds specifically to a 17 residue
peptide encoded by the CdtB gene sequence. In particular embodiments, the
purified antibody binds specifically to a 17 residue peptide encoded by SEQ ID NO:
2. In various embodiments, the purified antibody binds specifically to a 14, 15, 16,
17, 18, 19, 20, 21, or 22 residue peptide encoded by SEQ ID NO: 2. In various
embodiments, the purified antibody binds specifically to a 14, 15, 16, 17, 18, 19, 20,
21, or 22 residue peptide that has at least 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99% or 100% homology to 14, 15, 16, 17, 18, 19, 20, 21, or 22 contiguous residues
encoded by SEQ ID NO: 2. In various embodiments, the purified antibody binds
specifically to a polypeptide comprising 14, 15, 16, 17, 18, 19, 20, 21, or 22 residues
that have at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% homology to
14, 15, 16, 17, 18, 19, 20, 21, or 22 contiguous residues encoded by SEQ ID NO: 2.

In another embodiment, the purified antibody binds specifically to a peptide
encoded by the nucleic acid sequence having the following sequence:
CTTGATTATGCAATTACAGGAAATTCAAATAGACAACAAACCTATACTCCA (SEQ
ID NO:6), which encodes the 17 amino acid peptide of SEQ ID NO. 3. In another
embodiment, the purified antibody binds specifically to a polypeptide comprising a
peptide encoded by SEQ ID NO:6.

In another embodiment, the purified antibody binds specifically to CdtB
purified from E. coli overexpressing a near full-length CdtB ORF. (See Infection and
Immunity, December 2000, p. 6535-6541, Vol. 68, No. 12.)

In another embodiment, the purified antibody binds specifically to CDT and
inhibits the binding of CDT to its receptor.
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In another embodiment, the purified antibody binds specifically to CDT and
achieves at least 25%, 30%, 40%, or 50% neutralization; for example, of 10*
infectious units of bacteria or CDT in a 24 hour assay at a concentration of 1 ug
antibody per milliliter.

One of sKkill in the art will be able to produce the antibodies described herein
without undue experimentation in light of the disclosure herein, including the
examples.

Methods of preparing monoclonal antibodies are known in the art. For
example, monoclonal antibodies may be prepared using hybridoma methods, such
as those described by Kohler and Milstein (1975) Nature 256:495. In a hybridoma
method, a mouse, hamster, or other appropriate host animal, is typically immunized
with an immunizing agent to elicit lymphocytes that produce or are capable of
producing antibodies that will specifically bind to the immunizing agent. Alternatively,
the lymphocytes may be immunized in vitro. The immunizing agent will typically
include CDT or a fragment thereof. Generally, either peripheral blood lymphocytes
(“PBLs”) are used if cells of human origin are desired, or spleen cells or lymph node
cells are used if non-hnuman mammalian sources are desired. The lymphocytes are
then fused with an immortalized cell line using a suitable fusing agent, such as
polyethylene glycol, to form a hybridoma cell (see pp. 59-103 in Goding (1986)
Monoclonal Antibodies: Principles and Practice Academic Press). Immortalized cell
lines are usually transformed mammalian cells, particularly myeloma cells of rodent,
bovine and human origin. Usually, rat or mouse myeloma cell lines are employed.
The hybridoma cells may be cultured in a suitable culture medium that preferably
contains one or more substances that inhibit the growth or survival of the unfused,
immortalized cells. For example, if the parental cells lack the enzyme hypoxanthine
guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the
hybridomas typically will include hypoxanthine, aminopterin, and thymidine ("HAT
medium”), which substances prevent the growth of HGPRT-deficient cells.

In another embodiment the antibodies to an epitope for CDT as described
herein or a fragment thereof are humanized antibodies. Humanized forms of non-
human (e.g., murine) antibodies are chimeric molecules of immunoglobulins,

immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab’, F(ab’)2 or other
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antigen-binding subsequences of antibodies) which contain minimal sequence
derived from non-human immunoglobulin. Humanized antibodies include human
immunoglobulins (recipient antibody) in which residues from a complementary
determining region (CDR) of the recipient are replaced by residues from a CDR of a
non-human species (donor antibody) such as mouse, rat or rabbit having the desired
specificity, affinity and capacity. In some instances, Fv framework residues of the
human immunoglobulin are replaced by corresponding non-human residues.
Humanized antibodies may also comprise residues which are found neither in the
recipient antibody nor in the imported CDR or framework sequences. In general, a
humanized antibody will comprise substantially all of at least one, and typically two,
variable domains, in which all or substantially all of the CDR regions correspond to
those of a non-human immunoglobulin and all or substantially all of the framework
(FR) regions are those of a human immunoglobulin consensus sequence. The
humanized antibody optimally also will comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of a human immunoglobulin
(Jones et al. 1986. Nature 321:522-525; Riechmann et al. 1988. Nature 332:323-
329; Presta. 1992. Curr. Op. Struct. Biol. 2:593-596). Humanization can be
essentially performed following methods of Winter and co-workers (see, e.g., Jones
et al. 1986. Nature 321:522-525; Riechmann et al. 1988. Nature 332:323-327; and
Verhoeyen et al. 1988. Science 239:1534-1536), by substituting rodent CDRs or
CDR sequences for the corresponding sequences of a human antibody.
Accordingly, such humanized antibodies are chimeric antibodies (e.g., U.S. Patent
No. 4,816,567), wherein substantially less than an intact human variable domain has
been substituted by the corresponding sequence from a non-human species.

In another embodiment the antibodies to an epitope of CDT as described
herein or a fragment thereof are human antibodies. Human antibodies can also be
produced using various techniques known in the art, including phage display libraries
(Hoogenboom and Winter. 1991. J. Mol. Biol. 227:381-388; Marks et al. 1991. J. Mol.
Biol. 222:581-597) or the preparation of human monoclonal antibodies (e.g., Cole et
al. 1985. Monoclonal Antibodies and Cancer Therapy Liss; Boerner et al. 1991. J.
Immunol. 147(1):86-95). Similarly, human antibodies can be made by introducing

human immunoglobulin loci into transgenic animals, e.g., mice in which the

14



10

15

20

25

30

CA 02752033 2011-08-09
WO 2010/093801 PCT/US2010/023911

endogenous immunoglobulin genes have been partially or completely inactivated.
Upon challenge, human antibody production is observed, which closely resembles
that seen in humans in most respects, including gene rearrangement, assembly, and
antibody repertoire. This approach is described, e.g., in U.S. Patent Nos. 5,545,807,
5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, and in the following
scientific publications: Marks et al. 1992. Bio/Technology 10:779-783; Lonberg et al.
1994. Nature 368:856-859; Morrison. 1994. Nature 368:812-13; Fishwild et al. 1996.
Nature Biotechnology 14:845-51; Neuberger. 1996. Nature Biotechnology 14:826;
Lonberg and Huszar. 1995. Intern. Rev. Immunol. 13:65-93. U.S. Patent No.

6,719,971 also provides guidance to methods of generating humanized antibodies.

To determine which monoclonal antibodies are CDT inhibitors or CDT
neutralizers, the use of a screening assay can be performed. Screening assays are
known in the art and can be performed without undue experimentation. (e.g.,
AbuOun et al., Cytolethal Distending Toxin (CDT)-Negative Campylobacter jejuni
Strains and Anti-CDT Neutralizing Antibodies Are Induced during Human Infection
but Not during Colonization in Chickens. INFECT IMMUN. 2005 May; 73(5): 3053—
3062.) For example, monoclonal antibodies may be tested for their capacities to
neutralize the in vitro CDT activity from CDT-positive bacterial species (e.g., CDT-
positive C. jejuni strains). Lysates from CDT-positive C. jejuni strains are pretreated
with rabbit anti-C. jejuni antisera, and the CDT activity is tested for neutralization.

In other embodiments, the agent may be a competitive or noncompetitive
inhibitor of a CDT receptor (e.g., a competitive or noncompetitive ligand for a CDT
receptor). In various embodiments, the agent is also capable of covalent or
noncovalent modification to CDT, its receptor, or a component of an effector in the
pathway. In one embodiment, the agent is a CDT receptor antagonist to obviate G2
arrest in the cell (e.g., turns the cell back on).

In another embodiment, the agent may be an agent capable of inhibiting the
CDT operon. In one embodiment, the agent may be a regulatory repressor protein
capable of binding to the operator and preventing the transcription of the genes on
the operon.
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Another embodiment of the present invention provides a method of purifying
CDT from a biological sample containing CDT, comprising providing an affinity matrix
comprising an antibody that binds specifically to CDT bound to a solid support;
contacting the biological sample with the affinity matrix, to produce an affinity matrix-
CDT complex; separating the affinity matrix-CDT complex from the remainder of the
biological sample; and releasing CDT from the affinity matrix.

Another embodiment of the present invention provides a method of treating
IBS in a subject in need thereof, comprising providing a composition comprising a
CDT inhibitor and/or CDT neutralizer, and administering the composition to the
subject to treat the IBS. In one embodiment, the IBS is caused by CDT or resulted
from an exposure to CDT; particularly, CDT in the intestines. In various
embodiments, the CDT inhibitor and/or CDT neutralizer may be ones as described
above.

Another embodiment of the present invention provides a method of preventing
IBS or reducing the likelihood of developing IBS in a subject in need thereof,
comprising providing a composition comprising a CDT inhibitor and/or CDT
neutralizer and administering the composition to the subject to prevent IBS or to
reduce the likelihood of developing IBS in the subject. In one embodiment, the IBS
is caused by CDT or resulted from an exposure to CDT,; particularly, CDT in the
intestines. In various embodiments, the CDT inhibitor and/or CDT neutralizer may
be a CDT inhibitor and/or CDT neutralizer as described above.

Another embodiment of the present invention provides for a composition to
elicit a specific immune response in a subject; for example, a vaccine.

In one embodiment, the composition is useful to prevent IBS, to reduce the
likelinood of developing or having IBS, and/or to treat IBS. In one embodiment, the
composition comprises a fragment of CDT, CdtA, CdtB, CdtC, CDT mutein, CdtA
mutein, CdtB mutein, CdtC mutein, or combinations thereof that will not cause IBS.
Such muteins may be used to prevent CDT from causing IBS or to reduce the
likelihood of CDT causing IBS. In another embodiment, the composition comprises
heat killed, attenuated or inactivated bacteria that contain CDT or the CDT gene. In
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another embodiment, the composition comprises bacteria with a mutated CDT gene
(e.g., a mutated C. jejuni strain). In a further embodiment, the composition may
further comprise an adjuvant. Examples of adjuvants include but are not limited to
inorganic adjuvants (e.g., aluminum salts (aluminum phosphate and aluminum
hydroxide)), organic adjuvants, oil-based adjuvants, and virosomes.

One example of a CDT mutein and a CdtB mutein is Campylobacter jejuni 81-
176 strain with an insertion mutation at CdtB. Thus, in a particular embodiment, the
composition to stimulate a specific immune response in a subject comprises the
Campylobacter jejuni 81-176 strain with an insertion mutation at CdtB.

In another embodiment, the composition comprises a quantity of a bacterial
strain that failed to express CDT or a functional CDT due to a mutation at the gene
for CDT (e.g., an insertion mutation at the gene for CdtB). In one embodiment, the
composition comprises the Campylobacter jejuni 81-176 strain that failed to express
an active or functional cytolethal distending toxin (CdtB) due to an insertion mutation
at the gene for CdtB.

The present invention also provides a method to elicit a specific immune
response in a subject. In one embodiment, the method prevents IBS or reduces a
subject’s likelihood of developing or having IBS. In another embodiment, the method
prevents NUD or reduces a subject’s likelihood of developing NUD. In one
embodiment, the method comprises providing a composition to elicit a specific
immune response as described above and administering the composition to the
subject.

Administering the composition to the subject may be performed by any
method known in the art, and particularly in vaccination therapy (e.g., injection,
infusion). In another embodiment, the composition may be administered more than

once; for example, “booster shot(s)” may be administered to the subject.

In another embodiment, the present invention provides a method for
diagnosing IBS or determining a subject’s likelihood of having IBS. In various
embodiments, the IBS is post-infections IBS. In one embodiment, the method
comprises detecting the presence or absence of CDT or one or more markers
indicating a previous exposure to CDT (“CDT marker”) in a subject in need thereof
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and correlating the presence of CDT or one or more CDT markers with a likely
presence of IBS or correlating the absence of CDT or one or more CDT markers with
a likely absence of IBS. Not all subjects with the presence of CDT or the presence
of one or more markers of CDT will have or develop IBS; however, this method
provides an indication on a likelihood of whether the subject has IBS or will develop
IBS. A determination of a likely presence of IBS may be further correlated and/or
confirmed by other diagnostic methods for IBS, or with symptoms of IBS known in
the art. Further, a determination of a likely absence of IBS may also be further
correlated and/or confirmed by other diagnostics methods for IBS or symptoms of
IBS known in the art to rule out IBS.

In another embodiment, the present invention provides a method for
diagnosing NUD or determining a subject’s likelihood of having NUD. In various
embodiments, the NUD is post-infections NUD. In one embodiment, the method
comprises detecting the presence or absence of CDT or one or more markers
indicating a previous exposure to CDT (“CDT marker”) in a subject in need thereof
and correlating the presence of CDT or one or more CDT markers with a likely
presence of NUD or correlating the absence of CDT or one or more CDT markers
with a likely absence of NUD. Not all subjects with the presence of CDT or the
presence of one or more markers of CDT will have or develop NUD; however, this
method provides an indication on a likelihood of whether the subject has NUD or will
develop NUD. A determination of a likely presence of NUD may be further
correlated and/or confirmed by other diagnostic methods for NUD, or with symptoms
of NUD known the in the art. Further, a determination of a likely absence of NUD
may also be further correlated and/or confirmed by other diagnostics methods for
NUD or symptoms of IBS known in the art to rule out NUD.

In further embodiments, the above determinations may be used to direct the
treatment for the subject. In one embodiment, a subject with the likely presence of
IBS or a likelihood of having IBS may be treated with one or more therapies for IBS.
In another embodiment, a subject with the likely presence of NUD may be treated
with one or more therapies for NUD. One of ordinary skill in the art will be able to
select an available treatment for IBS or NUD based on the diagnosis of IBS or NUD.

For example, antibiotics such as rifaximin and neomycin can be used to treat IBS or
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NUD. Particularly, rifaximin can be used to treat diarrhea-predominant IBS, and a
rifaximin/neomycin combination can be used to treat constipation-predominant IBS.

In various embodiments, the CDT markers may be antibodies to CDT or a
CDT remnant. Methods of detecting CDT or the one or more CDT markers are
known in the art and one of ordinary skill in the art will be able to detect CDT without
undue experimentation. In one embodiment, the method comprises detecting the
presence or absence of a subunit of CDT or one or more markers of a subunit of
CDT. In one embodiment, the subunit is CdtA. In another embodiment the subunit
of CDT is CdtB. In another embodiment, the subunit of CDT is CdtC. For example,
detecting the presence of CDT, or detecting the presence of one or more CDT
markers can be done by contacting a biological sample from the subject to one or
more substrates capable of detecting the presence of CDT, or detecting the
presence of the one or more CDT markers. In various embodiments, the one or
more substrates are the antibodies to CDT, CdtA, CdtB, CdtC and fragments thereof
as described herein.

In another embodiment, a method of detecting the presence of CDT, CdtA,
CdtB, CdtC or a fragment thereof may be performed by providing a nucleic acid
probe that hybridizes under stringent conditions to a nucleic acid (e.g., DNA or RNA)
that encodes CDT, CdtA, CdtB, CdtC or a fragment thereof to isolate the nucleic acid
that encodes CDT, CdtA, CdtB, CdtC or a fragment thereof from a biological sample
from a subject. In various embodiments, the nucleic acid probes may be labeled
(e.g., fluorescently labeled). The detection may further comprise amplifying the
isolated nucleic acid that encodes CDT, CdtA, CdtB, CdtC or a fragment thereof.
The presence of the isolated nucleic acid that encodes CDT, CdtA, CdtB, CdtC or a
fragment thereof is correlated with a likelihood that the subject was exposed to CDT.
As such, the exposure to CDT can indicate that the patient may have IBS.

In alternative embodiments, the results may be further correlated with further
tests or symptoms to arrive at a diagnosis of IBS. An absence of the isolated nucleic
acid that encodes CDT, CdtA, CdtB, CdtC or a fragment thereof is correlated with a
lower likelihood that the subject was exposed to CDT; alternatively, additional tests
may be performed on the subject (e.g., on biological samples from the subject) to
further correlate or confirm the results to diagnose whether the subject has IBS. For
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instance, the subject may be tested for the presence or absence of one or more
markers of CDT; for example, the presence or absence of anti-CDT antibodies, as
discussed herein. The presence or absence of the anti-CDT antibodies can provide
further correlation information for a practitioner to reach a diagnosis of whether the
subject has IBS.

In various embodiments, the one or more markers of CDT is an antibody that
binds specifically to CDT, CdtA, CdtB, CdtC or a fragment thereof. In one particular
embodiment, the one or more markers of CDT is an antibody that binds specifically
to CdtB or a fragment thereof. The antibody that binds specifically to CDT, CdtA,
CdtB, CdtC or a fragment thereof may be one or more of the antibodies described
herein. As such, in one embodiment, the method of diagnosing IBS or post-
infectious IBS or determining a likely presence or absence of IBS or PI-IBS in a
subject in need thereof, comprises detecting the presence or absence of an antibody
that binds specifically to CDT, CdtA, CdtB, CdtC or a fragment thereof in the subject;
and correlating the presence of the antibody with a likelihood of having IBS or PI-
IBS, or correlating the absence of the antibody with a likelihood of not having IBS or
PI-IBS. The determination of whether the subject has antibodies against CDT, CdtA,
CdtB, CdtC or a fragment thereof is important for the determination of whether the
patient may have IBS. In one embodiment, detecting the presence or absence of the
antibody is performed on a biological sample obtained from the subject. In another
embodiment, detecting the presence or absence of the antibody is performed on a
blood sample obtained from the subject.

One of ordinary skill in the art will readily appreciate methods that can be
used to detect the presence or absence of an antibody that binds specifically to CDT,
CdtA, CdtB, CdtC or a fragment thereof. These methods include but are not limited
to immunohistochemistry, flow cytometry, fluorescence in situ hybridization (FISH),
radioimmuno assays, and affinity purification.

In one embodiment, detecting the presence or absence of an antibody that
binds specifically to CDT, CdtA, CdtB, CdtC or a fragment thereof may be performed
by contacting CDT, CdtA, CdtB, CdtC or a fragment thereof to a biological sample
obtained from the subject to isolate the antibody that binds specifically to CDT, CdtA,
CdtB, CdtC or a fragment thereof, wherein the isolation of the antibody that binds
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specifically to CDT, CdtA, CdtB, CdtC or a fragment thereof indicates the presence
of the antibody and the lack of isolation of the antibody that binds specifically to CDT,
CdtA, CdtB, CdtC or a fragment thereof indicates the lack of the antibody. In various
embodiments, the fragment of CDT, CdtA, CdtB, CdtC may be the fragments as
described herein (e.g., 17 residue peptide of CdtB). As an example, an affinity
matrix comprising CDT, CdtA, CdtB, CdtC or a fragment thereof can be bound to a
solid support; the biological sample can be contacted to the affinity matrix to produce
an affinity matrix-antibody complex (if the antibody is present); the affinity matrix-
antibody complex can be separated from the remainder of the biological sample; and
the antibody can be released from the affinity matrix. In another example, a label
(e.g., fluorescent label) can be placed on the CDT, CdtA, CdtB, CdtC or the fragment
thereof; the labeled CDT, CdtA, CdtB, CdtC or the fragment thereof can be
contacted with a biological sample to allow the antibody (if present) to bind
specifically to the labeled CdtA, CdtB, CdtC or fragment thereof. In various
embodiments, the labeled CdtA, CdtB, CdtC or fragment thereof can be separated

out and analyzed for its binding to the antibody.

In another embodiment, a method of diagnosing IBS, detecting a likelihood of
having IBS, or a method of determining the susceptibility of a subject to having IBS,
comprises detecting the presence or absence of a host protein with homology to
CDT or a subunit of CDT in a subject and correlating the presence of the host protein
with a likely presence of IBS or a higher susceptibility to developing IBS or
correlating the absence of the host protein with a likely absence of IBS or a lower
susceptibility to developing IBS. In certain embodiments, the IBS is PI-IBS.
Additional tests may be performed to further correlate or confirm the presence or
absence of IBS or PI-IBS or to confirm the higher or lower susceptibility of
developing IBS or PI-IBS. In one embodiment, the subunit of CDT is CdtA. In
another embodiment the subunit of CDT is CdtB. In another embodiment, the
subunit of CDT is CdtC. In one embodiment, the host protein has 100% homology
with CDT. In another embodiment, the host protein has at least 80%, 85%, 90%,
95%, 96%, 97%, 98%, or 99% homology with CDT. In one embodiment, the host
protein has 100% homology with a subunit of CDT. In another embodiment, the host

21



10

15

20

25

30

CA 02752033 2011-08-09
WO 2010/093801 PCT/US2010/023911

protein has at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% homology with
the subunit of CDT. In a particular embodiment, the host protein has at least 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% homology with CdtB. In other
embodiments, the host protein has at least 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99% or 100% homology with 17 contiguous residues of CdtB. In other
embodiments, the host protein has at least 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99% or 100% homology with 14, 15, 16, 17, 18, 19, 20, 21 or 22 contiguous residues
of CdtB. In various embodiments, the CdtB may be CdtB as disclosed by SEQ ID
NO: 1 or SEQ ID NO:5. In still other embodiments, the host protein has at least
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% homology with 10, 11, 12, 13,
14, 15, 16, or 17 contiguous residues of SEQ ID NO: 3. Methods of detecting the
host protein known in the art and one of ordinary skill in the art will be able to detect
the host protein without undue experimentation. For example, detecting the
presence of the host protein can be done by contacting a biological sample from the
subject to one or more substrates capable of detecting the presence of the host
protein. In various embodiments, the one or more substrates are the antibodies that
bind specifically to CDT, CdtA, CdtB, CdtC and fragments thereof as described
herein.

Examples of biological samples include but are not limited to body fluids,
whole blood, plasma, stool, intestinal fluids or aspirate, and stomach fluids or
aspirate, serum, cerebral spinal fluid (CSF), urine, sweat, saliva, tears, pulmonary
secretions, breast aspirate, prostate fluid, seminal fluid, cervical scraping, amniotic
fluid, intraocular fluid, mucous, and moisture in breath. In particular embodiments of
the method, the biological sample may be whole blood, blood plasma, blood serum,

stool, intestinal fluid or aspirate or stomach fluid or aspirate.

In another embodiment, the present invention provides methods of
determining whether a subject has small intestine bacterial overgrowth (SIBO) or
whether a subject is susceptible to having SIBO. Without wishing to be bound by
any particular theory, the inventors believe that an aspect of CDT is its cause of
nerve damage to the gut. The nerve damage may cause impairment in the gut’s
ability to clear bacteria. The poor clearance of bacteria may result in SIBO, and the
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subject may develop IBS (e.g., experience symptoms of IBS). Thus, the method
comprises detecting the presence or absence of CDT or one or more markers
indicating a previous exposure to CDT (“CDT marker”) in a subject in need thereof
and correlating the presence of CDT or one or more CDT markers with a likely
presence of SIBO or a higher susceptibility to having SIBO, or correlating the
absence of CDT or one or more CDT markers with a likely absence of SIBO or a
lower susceptibility to having SIBO. Not all subjects with the presence of CDT or the
presence of one or more markers of CDT will have SIBO, however, this method
provides an indication on a likelihood of whether the subject has SIBO or an
indication on the susceptibility of the subject to having SIBO. A determination of a
likely presence of SIBO or higher susceptibility to having SIBO may be further
correlated and/or confirmed by other diagnostic methods for SIBO, or with symptoms
of SIBO known the in the art. Further, a determination of a likely absence of SIBO or
a lower susceptibility to having SIBO may also be further correlated and/or confirmed
by other diagnostic methods for SIBO or symptoms of SIBO known in the art to rule
out SIBO.

In another embodiment, the present invention provides a method of predicting
a subject’s response to antibiotic treatment for IBS, or antibiotic prophylaxis to
prevent or reduce the likelihood of having IBS. The method comprises, detecting the
presence of CDT, or detecting the presence of one or more CDT markers, and
correlating the presence of CDT or the one or more CDT markers with a higher
likelihood of responding to the antibiotic treatment, correlating the absence of CDT or
the one or more CDT markers with a lower likelihood of responding to the antibiotic
treatment. Responding to the antibiotic treatment refers to receiving beneficial
results from the antibiotic treatment (e.g., symptoms of IBS are alleviated).
Detecting the presence of CDT, or detecting the presence of one or more CDT
markers can be done by methods known in the art or as described above. Examples
of antibiotics used in the treatment for IBS, or antibiotic prophylaxis to prevent or
reduce the likelihood of having IBS include but are not limited to non-absorbable
antibiotics (e.g., rifaximin, neomycin).

In various embodiments, the present invention provides pharmaceutical

compositions including a pharmaceutically acceptable excipient along with a
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therapeutically effective amount of a CDT inhibitor, CDT neutralizer, and/or a
composition to elicit a specific immune response (CDT vaccine) as described above.
“‘Pharmaceutically acceptable excipient” means an excipient that is useful in
preparing a pharmaceutical composition that is generally safe, non-toxic, and
desirable, and includes excipients that are acceptable for veterinary use as well as
for human pharmaceutical use. Such excipients may be solid, liquid, semisolid, or, in
the case of an aerosol composition, gaseous.

In various embodiments, the pharmaceutical compositions according to the
invention may be formulated for delivery via any route of administration. “Route of
administration” may refer to any administration pathway known in the art, including
but not limited to aerosol, nasal, oral, transmucosal, parenteral, or enteral.
“Parenteral” refers to a route of administration that is generally associated with
injection, including intraorbital, infusion, intraarterial, intracapsular, intracardiac,
intradermal, intramuscular, intraperitoneal, intrapulmonary, intraspinal, intrasternal,
intrathecal, intrauterine, intravenous, subarachnoid, subcapsular, subcutaneous,
transmucosal, or transtracheal. Via the parenteral route, the compositions may be in
the form of solutions or suspensions for infusion or for injection, or as lyophilized
powders. Via the enteral route, the pharmaceutical compositions can be in the form
of tablets, gel capsules, sugar-coated tablets, syrups, suspensions, solutions,
powders, granules, emulsions, microspheres or nanospheres or lipid vesicles or
polymer vesicles allowing controlled release. Via the parenteral route, the
compositions may be in the form of solutions or suspensions for infusion or for
injection.

The pharmaceutical compositions according to the invention can also contain
any pharmaceutically acceptable carrier. “Pharmaceutically acceptable carrier” as
used herein refers to a pharmaceutically acceptable material, composition, or vehicle
that is involved in carrying or transporting a compound of interest from one tissue,
organ, or portion of the body to another tissue, organ, or portion of the body. For
example, the carrier may be a liquid or solid filler, diluent, excipient, solvent, or
encapsulating material, or a combination thereof. Each component of the carrier
must be “pharmaceutically acceptable” in that it must be compatible with the other
ingredients of the formulation. It must also be suitable for use in contact with any
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tissues or organs with which it may come in contact, meaning that it must not carry a
risk of toxicity, irritation, allergic response, immunogenicity, or any other complication
that excessively outweighs its therapeutic benefits.

The pharmaceutical compositions according to the invention can also be
encapsulated, tableted or prepared in an emulsion or syrup for oral administration.
Pharmaceutically acceptable solid or liquid carriers may be added to enhance or
stabilize the composition, or to facilitate preparation of the composition. Liquid
carriers include syrup, peanut oil, olive oil, glycerin, saline, alcohols and water. Solid
carriers include starch, lactose, calcium sulfate, dihydrate, terra alba, magnesium
stearate or stearic acid, talc, pectin, acacia, agar or gelatin. The carrier may also
include a sustained release material such as glyceryl monostearate or glyceryl
distearate, alone or with a wax.

The pharmaceutical preparations are made following the conventional
techniques of pharmacy involving milling, mixing, granulation, and compressing,
when necessary, for tablet forms; or milling, mixing and filling for hard gelatin
capsule forms. When a liquid carrier is used, the preparation will be in the form of a
syrup, elixir, emulsion or an aqueous or non-aqueous suspension. Such a liquid
formulation may be administered directly p.o. or filled into a soft gelatin capsule.

The pharmaceutical compositions according to the invention may be delivered
in a therapeutically effective amount. The precise therapeutically effective amount is
that amount of the composition that will yield the most effective results in terms of
efficacy of treatment in a given subject. This amount will vary depending upon a
variety of factors, including but not limited to the characteristics of the therapeutic
compound (including activity, pharmacokinetics, pharmacodynamics, and
bioavailability), the physiological condition of the subject (including age, sex, disease
type and stage, general physical condition, responsiveness to a given dosage, and
type of medication), the nature of the pharmaceutically acceptable carrier or carriers
in the formulation, and the route of administration. One skilled in the clinical and
pharmacological arts will be able to determine a therapeutically effective amount
through routine experimentation, for instance, by monitoring a subject’s response to

administration of a compound and adjusting the dosage accordingly. For additional
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guidance, see Remington: The Science and Practice of Pharmacy (Gennaro ed. 20th
edition, Williams & Wilkins PA, USA) (2000).

Typical dosages of an effective CDT inhibitor, CDT neutralizer, and/or a
composition to stimulate a specific immune response (CDT vaccine) as described
above can be in the ranges recommended by the manufacturer where known
therapeutic compounds are used, and also as indicated to the skilled artisan by the
in vitro responses or responses in animal models. Such dosages typically can be
reduced by up to about one order of magnitude in concentration or amount without
losing the relevant biological activity. Thus, the actual dosage will depend upon the
judgment of the physician, the condition of the patient, and the effectiveness of the
therapeutic method based, for example, on the in vitro responsiveness of the
relevant primary cultured cells or histocultured tissue sample, such as biopsied
malignant tumors, or the responses observed in the appropriate animal models, as
previously described.

The present invention is also directed to kits for practicing the methods of the
present invention. Examples of kits include kits for diagnosing IBS or a likelihood of
having IBS, preventing IBS, reducing the likelihood of developing IBS, treating IBS,
determining the presence of SIBO, determining the subject’s susceptibility to having
SIBO, predicting a subject’s response to antibiotic treatment for IBS, predicting a
subject’s response to antibiotic prophylaxis to prevent or reduce the likelihood of
having IBS, and/or diagnosing NUD or a likelihood of having NUD. The kit is an
assemblage of materials or components, including at least one of the anti-CDT
antibodies, CDT inhibitors, CDT neutralizers, and/or a composition to elicit a specific
immune response (CDT vaccine) as described above.

The exact nature of the components configured in the inventive kit depends
on its intended purpose. For example, various embodiments are configured for the
purposes of preventing IBS, reducing the likelihood of developing IBS, treating IBS,
determining the presence of SIBO, determining the subject’s susceptibility to having
SIBO, predicting a subject’s response to antibiotic treatment for IBS, predicting a
subject’s response to antibiotic prophylaxis to prevent or reduce the likelihood of
having IBS, and/or diagnosing NUD or a likelihood of having NUD. In one
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embodiment, the kit is configured particularly for mammalian subjects. In another
embodiment, the kit is configured particularly for human subjects. In further
embodiments, the kit is configured for veterinary applications, for subjects such as,
but not limited to, farm animals, domestic animals, and laboratory animals.

Instructions for use may be included in the kit. “Instructions for use” typically
include a tangible expression describing the technique to be employed in using the
components of the kit to effect a desired outcome, such as to prevent IBS, reduce
the likelihood of developing IBS, treat IBS, determine the presence of SIBO,
determine the subject’s susceptibility to having SIBO, predict a subject’s response to
antibiotic treatment for IBS, predict a subject’s response to antibiotic prophylaxis to
prevent or reduce the likelihood of having IBS, and/or diagnose NUD or a likelihood
of having NUD. Optionally, the kit also contains other useful components, such as,
diluents, buffers, pharmaceutically acceptable carriers, syringes, catheters,
applicators, pipetting or measuring tools, bandaging materials or other useful
paraphernalia as will be readily recognized by those of skill in the art.

The materials or components assembled in the kit can be provided to the
practitioner stored in any convenient and suitable ways that preserve their operability
and utility. For example the components can be in dissolved, dehydrated, or
lyophilized form; they can be provided at room, refrigerated or frozen temperatures.
The components are typically contained in suitable packaging material(s). As
employed herein, the phrase “packaging material” refers to one or more physical
structures used to house the contents of the kit, such as inventive compositions and
the like. The packaging material is constructed by well known methods, preferably to
provide a sterile, contaminant-free environment. The packaging materials employed
in the kit are those customarily utilized in IBS treatment or antibody treatment. As
used herein, the term “package” refers to a suitable solid matrix or material such as
glass, plastic, paper, foil, and the like, capable of holding the individual kit
components. Thus, for example, a package can be a glass vial used to contain
suitable quantities of a composition containing a CDT inhibitor and/or CDT
neutralizer, or a composition to elicit a specific immune response, an antibody to

detect CDT or a fragment thereof as described above. The packaging material
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generally has an external label which indicates the contents and/or purpose of the kit

and/or its components.

EXAMPLES
The following examples are provided to better illustrate the claimed invention
and are not to be interpreted as limiting the scope of the invention. To the extent
that specific materials are mentioned, it is merely for purposes of illustration and is
not intended to limit the invention. One skilled in the art may develop equivalent
means or reactants without the exercise of inventive capacity and without departing
from the scope of the invention.

Example 1

Adult male Sprague-Dawley rats were gavaged with either Campylobacter
Jejuni 81-176 (C+) or a CDT-knockout (CDT-) strain of Campylobacter. The CDT-
strain was a Campylobacter jejuni 81-176 strain that failed to express cytolethal
distending toxin (CdtB) due to an insertion mutation at the gene for CdtB. After
gavage, rats were followed with daily stool culture for Campylobacter until 2
consecutive negative cultures were seen. Once cleared of colonization, rats were
housed in identical conditions for 3 months (post-infectious). At the end of 3 months,
fresh stool was collected by anal stimulation and used to evaluate both the
appearance (on a modified Bristol score) and stool weight before and after being
placed in an oven overnight. The percentage dry stool weights were calculated.
Both groups were compared for stool dry weight, variability in dry weight by day and
stool consistency and variability.

Example 2
Both groups of rats (C+ and CDT-) demonstrated equal colonization of the rat
as evidenced by positive and prolonged detection in stool after gavage. Three
months after loss of Campylobacter, the average stool dry weights for all three days
were similar between groups (Table 1). However, the variability in stool form and
weight was significantly different between groups. The rats exposed to wild type
Campylobacter had a substantial variability in stool weight and also had altered stool
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consistency. The rats exposed to CDT- Campylobacter had stool form and variability
identical to that of healthy control rats.

Table 1: Comparison of stool percentage dry weights and consistency

Control C+ CDT-
Average % of stool dry weight | 63.7 + 3.2 60.1 +6.8 61.0+6.3
Daily variability of Dry Weight | 4.9 + 3.8 84+6.4 49 +5.5"
Average Stool Consistency 1.0 1.5+04 1.2+0.3"
(Based on Bristol Stool Scale)
Daily Variability of Stool N/A 0.51+0.38 0.30 + 0.34***
Consistency

*P value = 0.004 when compared to C+
**P value = 0.000025 when compared to C+
***P value = 0.006 when compared to C+

Example 3

Male Sprague-Dawley rats were gavaged with 10® cfu of either wildtype or
cdtB mutant C. jejuni 81-176. Rats were evaluated at 2 and 4 days post-infection,
and at 3 months after infection had cleared (including rats with or without long term
sequelae of chronic altered bowel function in the post-infectious period). Control rats
were gavaged with vehicle alone. At time of euthanasia, laparotomy was performed
and ileal tissue (5cm proximal to ileocecal valve) was stained with two different
antibodies against CdtB: One was raised against CdtB purified from E. coli
overexpressing a near full-length cdiB ORF; the second antibody was derived from
rabbits inoculated with an 18 residue peptide (CLDYAITGNSNRQQTYTP (SEQ ID
NO:4)), which consist of a cysteine added on the N-terminus of SEQ ID NO:3 for

conjugation. Pre-immune rabbit serum was used as a control.

Example 4
During acute infection, CdtB staining was prominent at the epithelial surface
of the mucosa. Interestingly, both types of anti-CdtB specific antibodies stained
intestinal neural elements, including ICC and myenteric ganglia. This widespread
staining of neural elements was seen not only in rats exposed to wildtype C. jejuni,
but also in rats exposed to cdiB mutants and rats never exposed to C. jejuni.
Exposure to rabbit pre-immune sera produced no obvious staining of any rat ileal

tissue.
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Example 5
Plasmids and construction of insertion-deletion mutants

The Campylobacter aphA-3 cassette (Labigne-Roussel et al., 1988. Gene
disruption and replacement as a feasible approach for mutagenesis of
Campylobacter jejuni. J. BACTERIOL. 170:1704—1708), which confers kanamycin
resistance, was amplified by PCR from plasmid pRY107. The CdtB ORF sequence
was cleaved in the middle by a restriction enzyme and the aphA-3 cassette (Yao et
al., 1993. Construction of new Campylobacter cloning vectors and a new mutational
cat cassette. GENE 130:127-130) was cloned into that site to disrupt the cdtB
sequence and prevent the expression of a functional CdtB. This plasmid was then
electroporated into strain 81-176. Double crossover homologous recombinants,
which were kanamycin resistant, were identified and underwent further PCR analysis
to verify disruption of the CdtB ORF.

Various embodiments of the invention are described above in the Detailed
Description. While these descriptions directly describe the above embodiments, it is
understood that those skilled in the art may conceive modifications and/or variations
to the specific embodiments shown and described herein. Any such modifications or
variations that fall within the purview of this description are intended to be included
therein as well. Unless specifically noted, it is the intention of the inventors that the
words and phrases in the specification and claims be given the ordinary and
accustomed meanings to those of ordinary skill in the applicable art(s).

The foregoing description of various embodiments of the invention known to
the applicant at this time of filing the application has been presented and is intended
for the purposes of illustration and description. The present description is not
intended to be exhaustive nor limit the invention to the precise form disclosed and
many modifications and variations are possible in the light of the above teachings.
The embodiments described serve to explain the principles of the invention and its
practical application and to enable others skilled in the art to utilize the invention in
various embodiments and with various modifications as are suited to the particular
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use contemplated. Therefore, it is intended that the invention not be limited to the
particular embodiments disclosed for carrying out the invention.

While particular embodiments of the present invention have been shown and
described, it will be obvious to those skilled in the art that, based upon the teachings
herein, changes and modifications may be made without departing from this
invention and its broader aspects and, therefore, the appended claims are to
encompass within their scope all such changes and modifications as are within the
true spirit and scope of this invention. It will be understood by those within the art
that, in general, terms used herein are generally intended as “open” terms (e.g., the
term “including” should be interpreted as “including but not limited to,” the term
“having” should be interpreted as “having at least,” the term “includes” should be

interpreted as “includes but is not limited to,” etc.).
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WHAT IS CLAIMED IS:

A method, comprising:

providing a biological sample that has been obtained from a subject
having an irritable bowel syndrome (IBS) symptom, the subject being selected
from the group consisting of: a subject in need of a diagnosis regarding IBS, a
subject in need of a diagnosis regarding a subset of IBS, a subject in need of a
determination of a likelihood of having or developing IBS, a subject in need of a
determination of a likelihood of having or developing a subset of IBS, a subject
who desires a prognosis of a response to antibiotic treatment for IBS, a subject
who desires a prognosis of a response to antibiotic treatment to reduce the
likelihood of having IBS and combinations thereof;

detecting the presence or absence of one or more markers of cytolethal
distending toxin (CDT) in the biological sample, wherein the one or more markers
of CDT is/are an antibody/antibodies capable of binding specifically to CDT,
CdtA, CdtB, CdtC or a fragment thereof; and

correlating the presence of one or more markers of CDT and the IBS
symptom with a likely presence of IBS, a likely presence of a subset of IBS, a
likelihood of having or developing IBS, a likelihood of having or developing a
subset of IBS, a higher likelihood of having a beneficial result from antibiotic
treatment for IBS, and/or a higher likelihood of having a beneficial result from
antibiotic treatment to reduce the likelihood of having IBS, or

correlating an absence of one or more markers of CDT with a likely
absence of IBS, a likely absence of the subset of IBS, a lower likelihood of
having or developing IBS, a lower likelihood of having or developing the subset of
IBS, a lower likelihood of having a beneficial result from antibiotic treatment for
IBS, and /or a lower likelihood of having a beneficial result from antibiotic
treatment to reduce the likelihood of having IBS;

wherein the CdtB is CdtB of Campylobacter jejuni;
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wherein the CdtB of Campylobacter jejuni has an amino acid sequence at
least 80% identical to SEQ ID NO:5;

wherein the antibody is capable of binding specifically to an epitope on 5
to 22 contiguous residues of SEQ ID NO:5; and

wherein the epitope is on 17 contiguous residues as disclosed by SEQ ID
NO:3.

2. A method, comprising:

providing a biological sample that has been obtained from a subject
having an irritable bowel syndrome (IBS) symptom, the subject being selected
from the group consisting of: a subject in need of a diagnosis regarding IBS, a
subject in need of a diagnosis regarding a subset of IBS, a subject in need of a
determination of a likelihood of having or developing IBS, a subject in need of a
determination of a likelihood of having or developing a subset of IBS, a subject
who desires a prognosis of a response to antibiotic treatment for IBS, a subject
who desires a prognosis of a response to antibiotic treatment to reduce the
likelihood of having IBS and combinations thereof;

detecting the presence or absence of cytolethal distending toxin (CDT) or
one or more markers of CDT in the biological sample, wherein the one or more
markers of CDT is/are an antibody/antibodies capable of binding specifically to
CDT, CdtA, CdtB, CdtC or a fragment thereof: and

correlating the presence of CDT or one or more markers of CDT and the
IBS symptom with a likely presence of IBS, a likely presence of a subset of IBS,
a likelihood of having or developing IBS, a likelihood of having or developing a
subset of IBS, a higher likelihood of having a beneficial result from antibiotic
treatment for IBS, and/or a higher likelihood of having a beneficial result from
antibiotic treatment to reduce the likelihood of having IBS, or

correlating an absence of CDT and an absence of one or more markers of
CDT with a likely absence of IBS, a likely absence of the subset of IBS, a lower
likelihood of having or developing IBS, a lower likelihood of having or developing
the subset of IBS, a lower likelihood of having a beneficial result from antibiotic
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treatment for IBS, and /or a lower likelihood of having a beneficial result from
antibiotic treatment to reduce the likelihood of having IBS;
wherein the biological sample comprises intestinal fluids or aspirate, stomach
fluids or aspirate, or stool;

wherein the CdtB is CdtB of Campylobacter jejuni;

wherein the CdtB of Campylobacter jejuni has an amino acid sequence at
least 80% identical to SEQ ID NO:5;

wherein the antibody is capable of binding specifically to an epitope on 5
to 22 contiguous residues of SEQ ID NO:5; and

wherein the epitope is on 17 contiguous residues as disclosed by SEQ ID
NO:3.

3. A method, comprising:

providing a biological sample that has been obtained from a subject
having an irritable bowel syndrome (IBS) symptom, the subject being selected
from the group consisting of: a subject in need of a diagnosis regarding IBS, a
subject in need of a diagnosis regarding a subset of IBS, a subject in need of a
determination of a likelihood of having or developing IBS, a subject in need of a
determination of a likelihood of having or developing a subset of IBS, a subject
who desires a prognosis of a response to antibiotic treatment for IBS, a subject
who desires a prognosis of a response to antibiotic treatment to reduce the
likelihood of having IBS and combinations thereof;

detecting the presence or absence of one or more markers of cytolethal
distending toxin (CDT) in the biological sample, wherein the one or more markers
of CDT is/are an antibody/antibodies capable of binding specifically to CDT,
CdtA, CdtB, CdtC or a fragment thereof; and

correlating the presence of one or more markers of CDT and the IBS
symptom with a likely presence of IBS, a likely presence of a subset of IBS, a
likelihood of having or developing IBS, a likelihood of having or developing a
subset of IBS, a higher likelihood of having a beneficial result from antibiotic
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treatment for IBS, and/or a higher likelihood of having a beneficial result from
antibiotic treatment to reduce the likelihood of having IBS, or

correlating an absence of one or more markers of CDT with a likely
absence of IBS, a likely absence of the subset of IBS, a lower likelihood of
having or developing IBS, a lower likelihood of having or developing the subset of
IBS, a lower likelihood of having a beneficial result from antibiotic treatment for
IBS, and /or a lower likelihood of having a beneficial result from antibiotic
treatment to reduce the likelihood of having IBS;

wherein the antibody is capable of binding specifically to an epitope on
SEQ ID NO:4.

4. A method, comprising:

providing a biological sample that has been obtained from a subject
having an irritable bowel syndrome (IBS) symptom, the subject being selected
from the group consisting of: a subject in need of a diagnosis regarding IBS, a
subject in need of a diagnosis regarding a subset of IBS, a subject in need of a
determination of a likelihood of having or developing IBS, a subject in need of a
determination of a likelihood of having or developing a subset of IBS, a subject
who desires a prognosis of a response to antibiotic treatment for IBS, a subject
who desires a prognosis of a response to antibiotic treatment to reduce the
likelihood of having IBS and combinations thereof;

detecting the presence or absence of cytolethal distending toxin (CDT) or
one or more markers of CDT in the biological sample, wherein the one or more
markers of CDT is/are an antibody/antibodies capable of binding specifically to
CDT, CdtA, CdtB, CdtC or a fragment thereof; and

correlating the presence of CDT or one or more markers of CDT and the
IBS symptom with a likely presence of IBS, a likely presence of a subset of IBS,
a likelihood of having or developing IBS, a likelihood of having or developing a
subset of IBS, a higher likelihood of having a beneficial result from antibiotic
treatment for IBS, and/or a higher likelihood of having a beneficial result from

antibiotic treatment to reduce the likelihood of having IBS, or
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correlating an absence of CDT and an absence of one or more markers of
CDT with a likely absence of IBS, a likely absence of the subset of IBS, a lower
likelihood of having or developing IBS, a lower likelihood of having or developing
the subset of IBS, a lower likelihood of having a beneficial result from antibiotic
treatment for IBS, and /or a lower likelihood of having a beneficial result from
antibiotic treatment to reduce the likelihood of having IBS;

wherein the biological sample comprises intestinal fluids or aspirate,
stomach fluids or aspirate, or stool;

wherein the antibody is capable of binding specifically to an epitope on
SEQ ID NO:4.

The method of any one of claims 1 to 4, further comprising identifying the subject
in need of the diagnosis regarding IBS, the subject in need of the diagnosis
regarding the subset of IBS, the subject in need of the determination of the
likelihood of having or developing IBS, the subject in need of the determination of
the likelihood of having or developing subset of IBS, the subject who desires the
prognosis of the response to antibiotic treatment for IBS, and/or the subject who
desires the prognosis of the response to antibiotic treatment to reduce the
likelihood of having IBS.

The method of any one of claims 1 to 4, wherein the subset of IBS is selected
from the group consisting of constipation-predominant IBS, diarrhea-predominant
IBS, mixed IBS, undetermined IBS, and antibiotic responsive IBS.

7. A method, comprising:

providing a biological sample that has been obtained from a subject
having an non-ulcer dyspepsia (NUD) symptom in need of a diagnosis regarding
NUD;

detecting the presence or absence of one or more markers of cytolethal

distending toxin (CDT) in the biological sample, wherein the one or more markers
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of CDT is/are an antibody/antibodies capable of binding specifically to CDT,
CdtA, CdtB, CdtC or a fragment thereof; and

correlating the presence of one or more markers of CDT and the NUD
symptom with a likely presence of NUD, or

correlating an absence of one or more markers of CDT with a likely
absence of NUD;

wherein the CdtB is CdtB of Campylobacter jejuni;

wherein the CdtB of Campylobacter jejuni has an amino acid sequence at
least 80% identical to SEQ ID NO:5;

wherein the antibody is capable of binding specifically to an epitope on 5
to 22 contiguous residues of SEQ ID NO:5; and

wherein the epitope is on 17 contiguous residues as disclosed by SEQ ID
NO:3.

A method, comprising:

providing a biological sample that has been obtained from a subject
having an non-ulcer dyspepsia (NUD) symptom in need of a diagnosis regarding
NUD;

detecting the presence or absence of cytolethal distending toxin (CDT) or
one or more markers of CDT in the biological sample, wherein the one or more
markers of CDT is/are an antibody/antibodies capable of binding specifically to
CDT, CdtA, CdtB, CdtC or a fragment thereof; and

correlating the presence of CDT or one or more markers of CDT and the
NUD symptom with a likely presence of NUD, or
correlating an absence of CDT and an absence of one or more markers of CDT
with a likely absence of NUD;

wherein the biological sample comprises intestinal fluids or aspirate,
stomach fluids or aspirate, or stool;

wherein the CdtB is CdtB of Campylobacter jejuni;

wherein the CdtB of Campylobacter jejuni has an amino acid sequence at
least 80% identical to SEQ ID NO:5;
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10.

wherein the antibody is capable of binding specifically to an epitope on 5
to 22 contiguous residues of SEQ ID NO:5; and

wherein the epitope is on 17 contiguous residues as disclosed by SEQ ID
NO:3.

A method, comprising:

providing a biological sample that has been obtained from a subject
having an non-ulcer dyspepsia (NUD) symptom in need of a diagnosis regarding
NUD;

detecting the presence or absence of one or more markers of cytolethal
distending toxin (CDT) in the biological sample, wherein the one or more markers
of CDT is/are an antibody/antibodies capable of binding specifically to CDT,
CdtA, CdtB, CdtC or a fragment thereof; and

correlating the presence of one or more markers of CDT and the NUD
symptom with a likely presence of NUD, or

correlating an absence of one or more markers of CDT with a likely
absence of NUD;

wherein the antibody is capable of binding specifically to an epitope on
SEQ ID NO:4.

A method, comprising:

providing a biological sample that has been obtained from a subject
having an non-ulcer dyspepsia (NUD) symptom in need of a diagnosis regarding
NUD;

detecting the presence or absence of cytolethal distending toxin (CDT) or
one or more markers of CDT in the biological sample, wherein the one or more
markers of CDT is/are an antibody/antibodies capable of binding specifically to
CDT, CdtA, CdtB, CdtC or a fragment thereof; and

correlating the presence of CDT or one or more markers of CDT and the
NUD symptom with a likely presence of NUD, or
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1.

12.

correlating an absence of CDT and an absence of one or more markers of CDT
with a likely absence of NUD;

wherein the biological sample comprises intestinal fluids or aspirate,
stomach fluids or aspirate, or stool: and

wherein the antibody is capable of binding specifically to an epitope on
SEQ ID NO:4.

The method of any one of claims 7 to 10, further comprising identifying the
subject in need of the diagnosis regarding NUD.

A method, comprising:

providing a biological sample that has been obtained from a subject
having a small intestinal bacterial overgrowth (SIBO) symptom, the subject being
selected from the group consisting of: a subject in need of a determination
regarding SIBO, and a subject in need of a determination of a susceptibility to
having SIBO;

detecting the presence or absence of one or more markers of cytolethal
distending toxin (CDT) in the biological sample, wherein the one or more markers
of CDT is/are an antibody/antibodies capable of binding specifically to CDT,
CdtA, CdtB, CdtC or a fragment thereof; and

correlating the presence of one or more markers of CDT and the SIBO
symptom with a likely presence of SIBO, and/or a higher susceptibility to having
SIBO, or

correlating an absence of one or more markers of CDT with a likely
absence of SIBO, and/or a lower susceptibility to having SIBO:

wherein the CdtB is CdtB of Campylobacter jejuni;

wherein the CdtB of Campylobacter jejuni has an amino acid sequence at
least 80% identical to SEQ ID NO:5;

wherein the antibody is capable of binding specifically to an epitope on 5
to 22 contiguous residues of SEQ ID NO:5; and
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13.

14.

wherein the epitope is on 17 contiguous residues as disclosed by SEQ ID
NO:3.

A method, comprising:

providing a biological sample that has been obtained from a subject
having a small intestinal bacterial overgrowth (SIBO) symptom, the subject being
selected from the group consisting of: a subject in need of a determination
regarding SIBO, and a subject in need of a determination of a susceptibility to
having SIBO;

detecting the presence or absence of cytolethal distending toxin (CDT) or
one or more markers of CDT in the biological sample, wherein the one or more
markers of CDT is/are an antibody/antibodies capable of binding specifically to
CDT, CdtA, CdtB, CdtC or a fragment thereof; and

correlating the presence of CDT or one or more markers of CDT and the
SIBO symptom with a likely presence of SIBO, and/or a higher susceptibility to
having SIBO, or

correlating an absence of CDT and an absence of one or more markers of
CDT with a likely absence of SIBO, and/or a lower susceptibility to having SIBO;
wherein the biological sample comprises intestinal fluids or aspirate, stomach
fluids or aspirate, or stool;

wherein the CdtB is CdtB of Campylobacter jejuni;

wherein the CdtB of Campylobacter jejuni has an amino acid sequence at
least 80% identical to SEQ ID NO:5;

wherein the antibody is capable of binding specifically to an epitope on 5
to 22 contiguous residues of SEQ ID NO:5; and

wherein the epitope is on 17 contiguous residues as disclosed by SEQ ID
NO:3.

A method, comprising:
providing a biological sample that has been obtained from a subject
having a small intestinal bacterial overgrowth (SIBO) symptom, the subject being
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15.

selected from the group consisting of: a subject in need of a determination
regarding SIBO, and a subject in need of a determination of a susceptibility to
having SIBO;

detecting the presence or absence of one or more markers of cytolethal
distending toxin (CDT) in the biological sample, wherein the one or more markers
of CDT is/are an antibody/antibodies capable of binding specifically to CDT,
CdtA, CdtB, CdtC or a fragment thereof; and

correlating the presence of one or more markers of CDT and the SIBO
symptom with a likely presence of SIBO, and/or a higher susceptibility to having
SIBO, or

correlating an absence of one or more markers of CDT with a likely
absence of SIBO, and/or a lower susceptibility to having SIBO;

wherein the antibody is capable of binding specifically to an epitope on
SEQ ID NO:4.

A method, comprising:

providing a biological sample that has been obtained from a subject
having a small intestinal bacterial overgrowth (SIBO) symptom, the subject being
selected from the group consisting of: a subject in need of a determination
regarding SIBO, and a subject in need of a determination of a susceptibility to
having SIBO;

detecting the presence or absence of cytolethal distending toxin (CDT) or
one or more markers of CDT in the biological sample, wherein the one or more
markers of CDT is/are an antibody/antibodies capable of binding specifically to
CDT, CdtA, CdtB, CdtC or a fragment thereof; and

correlating the presence of CDT or one or more markers of CDT and the
SIBO symptom with a likely presence of SIBO, and/or a higher susceptibility to
having SIBO, or

correlating an absence of CDT and an absence of one or more markers of
CDT with a likely absence of SIBO, and/or a lower susceptibility to having SIBO;
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16.

17.

18.

19.

20.

wherein the biological sample comprises intestinal fluids or aspirate, stomach
fluids or aspirate, or stool;

wherein the antibody is capable of binding specifically to an epitope on
SEQ ID NO:4.

The method of any one of claims 12 to 15, further comprising identifying the
subject in need of the determination regarding SIBO, and/or the subject in need
of the determination of the susceptibility to having SIBO.

A method of detecting the presence or absence of an antibody capable of binding
specifically to cytolethal distending toxin (CDT), CdtA, CdtB, CdtC, or a fragment
thereof, comprising:

detecting the presence or absence of an antibody capable of binding
specifically to cytolethal distending toxin (CDT), CdtA, CdtB, CdtC, or a fragment
thereof by using CDT, CdtA, CdtB, CdtC, or a fragment thereof to assay a
biological sample obtained from a subject having an IBS symptom.

The method of claim 17, comprising detecting the presence or absence of the
antibody capable of binding specifically to CdtB or a fragment thereof by
contacting CdtB or the fragment thereof to the biological sample obtained from

the subject.

The method of claim 17, comprising detecting the presence or absence of the
antibody capable of binding specifically to CdtB of Campylobacter jejuni or a
fragment thereof by contacting CdtB of Campylobacter jejuni or the fragment
thereof to the biological sample obtained from the subject.

The method of claim 19, wherein the CdtB of Campylobacter jejuni has an amino
acid sequence at least 80% identical to SEQ ID NO:5.
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21.

22.

23.

24.

25.

26.

27.

28.

20.

The method of claim 19, wherein CdtB of Campylobacter jejuni has an amino
acid sequence as set forth in SEQ ID NO:5.

The method of claim 19, wherein the antibody is capable of binding specifically to
an epitope on 5 to 22 contiguous residues of SEQ ID NO:5.

The method of claim 22, wherein the epitope is on 17 contiguous residues as
disclosed by SEQ ID NO:3.

The method of claim 17, wherein the antibody is capable of binding specifically to
an epitope on SEQ ID NO:4.

The method of claim 17, comprising detecting the presence or absence of the
antibody capable of binding specifically to CdtB of Campylobacter coli or a
fragment thereof by contacting CdtB of Campylobacter coli or the fragment
thereof to the biological sample obtained from the subject.

The method of claim 25, wherein the CdtB of Campylobacter coli has an amino
acid sequence at least 80% identical to SEQ ID NO:1.

The method of claim 25, wherein the CdtB of Campylobacter coli has an amino
acid sequence as set forth in SEQ ID NO:1.

The method of claim 17, wherein the CdtB is CdtB of Escherichia coli,
Salmonella, Shigella or Clostridium difficile.

The method of claim 17, wherein assaying comprises contacting CDT, CdtA,

CdtB, CdtC or a fragment thereof with the biological sample to detect the
presence of absence of the antibody.
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30.

31.

32.

33.

34.

35.

36.

37.

38.

The method of claim 17, wherein assaying comprises using
immunohistochemistry.

The method of claim 17, wherein assaying comprises using flow cytometry.

The method of claim 17, wherein assaying comprises using fluorescence in situ
hybridization (FISH).

The method of claim 17, wherein assaying comprises using a radioimmuno
assay.

The method of claim 17, wherein assaying comprises using affinity purification.

The method of claim 17, wherein the biological sample is whole blood, plasma or

serum.

A method of detecting the presence or absence of an antibody capable of binding
specifically to cytolethal distending toxin B (CdtB) of Campylobacter jejuni or a
fragment thereof, comprising:

detecting the presence or absence of an antibody capable of binding
specifically to cytolethal distending toxin B (CdtB) of Campylobacter jejuni or a
fragment thereof by contacting CdtB of Campylobacter jejuni or a fragment
thereof with whole blood, plasma or serum obtained from a subject having an IBS

symptom, in an assay.

The method of claim 17, further comprising directing the subject to an IBS
treatment when the presence of the antibody capable of binding specifically to
CDT, CdtA, CdtB, CdtC, or the fragment thereof is detected.

The method of claim 17, wherein the subject having an IBS symptom is a human
subject.
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39.  The method of claim 36, further comprising directing the subject to an IBS
treatment when the presence of the antibody capable of binding specifically CdtB
or the fragment thereof is detected.

40.  The method of claim 36, wherein the subject having an IBS symptom is a human
subject.
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FIG. 1

MKKIVFLILSFNVLFAALENYNTGTWNLQGSSAATESKWNVSIRQLITGANPMD
VLAVQEAGVLPSTAMMTPRQVQPVGVGIPIHEYIWNLGSVSRPSSVYIYYSRV
DVGANRVNLAIVSRVQADEVFVLPPPTVASRPIIGIRIGNDAFFNIHALASGGND
AGAIVAAVDMFFRNRPDINWMILGDFNRESGALVTLLDPDLRARTRVVVPPSS
TQTSGRTIDYAITGNSNTAALYNPPPIVAILALEGLRTFLASDHFPVYNFRRP

(SEQ ID NO:1)



CA 02752033 2011-08-09

WO 2010/093801 PCT/US2010/023911

2/4

FIG. 2

atgaaaaaaa tagtattttt gattttaagt tttaatgtat tatttgccgce tttagaaaat 60
tacaacaccg gaacttggaa tttgcaagge tcatcagetg caactgaaag caaatggaat 120
gttagtataa gacaactcat aaccggtgca aatcctatgg atgttttage tgttcaagaa 180
gegggggttt tacctagtac agcetatgatg actcctagac aggtacaacc cgtgggegtg 240
ggtattccta tacatgaata catatggaat ttaggctctg tatcaagacc tagcetetgtt 300
tatatatatt attctagagt ggatgtagga gcaaatcgtg tgaatttage tategttagc 360
agagtgcaag cggatgaagt ttttgtttta cccectccaa cagttgettc aagacctatt 420
ataggcatac gcataggcaa tgatgctitt ttcaatatac acgetctage aagtggggga 480
aatgacgcag gagccatigt cgctgetgtg gatatgtttt ttagaaatag acctgatatt 540
aattggatga tittaggcga ttttaataga gaatcaggeg ccttagtaac ctigctagat 600
cctgacttaa gagcacgcac tegegtagtt gttcegectt cttctacgca aacaagtgga 660
agaacgattg attatgctat cactggaaat tccaacactg cagctttata caacccacca 720
ccgatagttg cgattttagc tttagaagga ttaagaacct tttiggcttc agatcattit 780
cctgtaaatt ttagaagacc ttag 804

(SEQ ID NO:2)
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FIG. 3
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FIG. 4

MKKIICLFLSFNLAFANLENFNVGTWNLQGSSAATESKWSVSVRQLVSGANPLDILMIQE
AGTLPRTATPTGRHVQQGGTPIDEYEWNLGTLSRPDRVFIYYSRVDVGANRVNLAIVSRM
QAEEVIVLPPPTTVSRPUGIRNGNDAFFNIHALANGGTDVGAIITAVDAHFANMPQVNW
MIAGDFNRDPSTITSTVDRELANRIRVVFPTSATQASGGTLDYAITGNSNRQQTYTPPLL
AAILMLASLRSHIVSDHFPVNFRKF

(SEQ ID NO:5)
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