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VAGAL AFFERENT NEURONS AS TARGETS FOR TREATMENT

Field of Invention

The present invention relates to the treatment of sensory neuron hyper-excitability in
Nodose Ganglia (NG), methods for the identification of compounds suitable for this
application and pharmaceutical compositions comprising these compounds, as well as
their uses in the treatment of G.I tract disorders, depression and other stress related
disorders.

Background
Vagal versus spinal visceral afferents
The gastrointestinal (GI) tract receives dual extrinsic sensory innervation. Vagal afferents
have their cell bodies in the nodose ganglia (NG) and project centrally to make synaptic
connections in the brainstem, mainly at the level of the nucleus tractus solitarius; while
spinal afferents arise from the dorsal root ganglia (DRG) and project into the dorsal horn
of the spinal cord (Grundy D., Gut 2002; 51 Suppl 1:i2-i5). These two types of neurons
have different embryonic origins (epibranchial placode versus neural crest), different
dependencies upon neurotrophic factors for development and survival (BDNF/NT3
versus NGF/GDNF) and, in the adult form, phenotypically distinct subpopulations that
can be recognized by the presence or absence of certain peptides (particularly CGRP and
substance P) (Zhuo H, Ichikawa H, Helke CJ., 1997;52:79-107).

Vagal and spinal afferents supplying the GI tract also differ in the pattern of their
terminal innervation which, in part determines the stimulus-response properties of the
peripheral endings (Berthoud HR, Blackshaw LA, Brookes SJ, Grundy D., 2004;16 Suppl
1:28-33). Vagal afferents terminate close to the mucosal epithelium, where they are
exposed to chemicals (e.g. nutrients) absorbed from the Jumen or mediators released from
enteroendocrine cells or immune cells in the lamina propria. These vagal afferents are
termed chemosensitive and can respond to a variety of different chemical stimuli. Vagal
afferents also form intramuscular arrays and intraganglionic laminar endings that are
thought to detect mechanical activity. Spinal afferents also innervate the mucosa,
submucosa and myenteric plexus. Additionally, projections of DRG neurons terminate in
the serosa and mesenteric attachments, often in association with blood vessels. These

endings are mechanosensitive but the basis of this mechanosensitivity at the molecular
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level is unknown. Both vagal and spinal afferents respond to distension and contraction
but while vagal afferent endings respond to levels of distension that occur during the
normal course of digestion, many spinal afferents have thresholds for activation that when
applied in humans give rise to discomfort or pain (Gebhart GF., Gut 2000;47 Suppl
4:iv54-iv55).

These observations are the basis for the common view that vagal and spinal
afferents have different functional roles: spinal afferents play a major role in nociception,
while vagal afferents mediate physiological responses and behavioural regulation,
particularly in a chemosensitive role, in relation to food intake, satiety, anorexia and
emesis. However, there is some overlap, and vagal and spinal afferents share a number of
features in common. Both have a large proportion of unmyelinated axons that can be
ablated by the sensory neurotoxin, capsaicin; and both express the capsaicin receptor
(TRPV1) that is often considered a hallmark of nociceptive neurons (Ward SM,
Bayguinov J, Won KJ, Grundy D, Berthoud HR., J Comp Neurol 2003;465:121-135). In
addition, chemosensitive vagal afferent neurons can also play a nociceptive role in acid
signalling (Holzer, P., J Physiol Pharmacol 2003; 54(4), 43-53). Recently, both NG and
DRG neurons have been shown to become sensitized following inflammatory insult,
demonstrating plasticity in the mechanisms that regulate neuronal excitability which has
implications for pain processing (Dang K, Bielefeldt K, Gebhart GF., Am J Physiol
Gastrointest Liver Physiol 2004;286:G573-G579). As both NG and DRG neurons are
altered following an inflammatory insult, it is possible that there is both altered
chemosensitivity and altered mechanosensitivity in the post-inflammatory gut.
Furthermore, there may be an interaction between changes in chemosensitive afferent
pathways and changes in mechanosensitive afferent pathways.

Therefore, extrinsic afferent neurons supplying the gut are prime targets for new
treatments of chronic visceral pain disorders such as IBS. The pathogenesis of IBS is
heterogeneous but there are at least subpopulations of patients where emotional stress

and/or enteric infection have been implicated.

Nippostrongylus brasiliensis infection as a model for IBS
Brain-gut interactions play a prominent role in the modulation of gut function in health

and disease (Mayer EA, Naliboff BD, Chang L, Coutinho SV. V., Am J Physiol
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Gastrointest Liver Physiol 2001;280:G519-G524; Tache Y, Martinez V, Million M,
Wang L., Am J Physiol Gastrointest Liver Physiol 2001;280:G173-G177). Therefore,
every conceptual model of irritable bowel syndrome (IBS) should take into account that
the central nervous system (CNS) and the GlI-tract interact with each other under normal
conditions and certainly during perturbations of homeostasis. Afferent signals from the
gut to the brain (through splanchnic and vagal routes) are primarily involved in reflex
regulation of gut function, but may also play an important role in such diverse functions
as regulation of emotion, pain sensitivity and immune responses. Conversely, signals
from the brain to the gut assure that digestive function is optimal for the overall state of
the organism (e.g. stress vs relaxation, sleep vs awake). The fact that the presence of
major life events around the time of gastroenteric infection is a risk factor for the
development of PI-IBS symptoms underlines the importance of psycho-neuro-immune
interactions.

By including a stress paradigm into an animal model we take into account this
important aspect of IBS. As a trigger for the development of IBS a mild gastroenteric
infection was induced using the nematode Nippostrongylus brasiliensis. The neural and
cellular changes that occur following intestinal infection have been reasonably well
documented. However, the physiological consequences of these changes are not well
understood particularly in terms of the post-inflammatory changes which accompany
intestinal recovery. Post-inflammatory jejunal hypersensitivity has been reported in the
capsaicin-induced depressor response in rats previously infected (day 40-50) with
Nippostrongylus brasiliensis (Mathison R, Davison JS. , Naunyn Schmiedebergs Arch
Pharmacol 1993;348:638-642). The afore mentioned study is pivotal as it shows that
increased sensitivity can be observed in the absence of acute inflammation and this is
relevant to and predictive of the pathophysiology of IBS. Indeed, the post-inflammatory
changes which occur in the rat intestine post-infection with N. brasiliensis putatively
parallel the pathophysiology of IBS (Camilleri M. , Drug News Perspect 2001;14:268-
278) and have been shown to include a variety of neuroimmune changes (Stead RH. ,
Ann N'Y Acad Sci 1992;664:443-455). In rats it has been shown that infection with V.
brasiliensis leads to changes in intestinal mast cell number and peptidergic
neurotransmission eventually leading to visceral hyperalgesia (McLean PG, Picard C,

Garcia-Villar R, Ducos dL, More J, Fioramonti J, Bueno L., Neurogastroenterol Motil
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1998;10:499-508). Moreover these neuroimmune alterations lead to an increased
intestinal motility response to CCK that involves a vagal pathway probably through
CCK 4 and CCKjy receptors (Gay J, Fioramonti J, Garcia-Villar R, Bueno L.,
Neurogastroenterol Motil 2001;13:155-162; Gay J, More J, Bueno L, FioramontiJ. ,
Brain Res 2002;942:124-127).

The present invention is based on the unexpected discovery by the inventors that
after transient inflammation of the intestine induced by the nematode Nippostrongylus
brasiliensis in mice combined with exposure to stress, gene expression profiles and
electrophysiological properties of NG neurons projecting in to the gastrointestinal tract
are altered

The discovery is surprising because it has been previously shown that the activity
of voltage sensitive sodium channels in DRG neurons in mice is increased after transient
inflammation of the intestine with Nb, implicating DRG neurons in a variety of

conditions resulting in chronic inflammatory and neuropathic pain.

Summary of the Invention

According to a first aspect of the present invention there is provided a method of
identifying a compound capable of reducing or preventing prolonged sensory neuron
hyper-excitability comprising the steps of :

(a) administering the compound to an experimental non-human animal having
prolonged sensory neuron hyper-excitability;

(b) generating an expression profile of the genes modulated in the Nodose Ganglia
(NG) of the animal of step (a);

(c) comparing the expression profile obtained in (b) with the expression profile of
a corresponding panel of genes expressed in the NG of an experimental non-human
animal having no prolonged sensory neuron hyper-excitability;

wherein a positive correlation of the expression profiles is indicative that the
compound is capable of reducing or preventing prolonged sensory neuron hyper-
excitability in NG. .

It will be apparent that modulation of the expression of NG genes may be either

up-regulation or down-regulation of expression. As used herein the term “expression
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profile” relates to methods that are able to outline the expression levels of various genes
either at the transcript level or the protein level. Expressioﬁ profiles can be obtained for
example by Northern blot analysis, Western blot analysis, immunohistochemistry, in situ
hybridization or other methods known in the art such as for example described in
Sambrook et al. (Molecular Cloning; A laboratory Manual, Second Edition, Cold Spring
Harbour Laboratory Press, Cold Spring Harbour NY (1989)) or in Schena (Science 270
(1995) 467-470). Most preferably “expression profile” herein relates to methods using
microarrays as e.g. described in the examples hereinafter.

Preferably, the modulation of genes expressed in the NG is compared at the
nucleic acid level, in particular at the mRNA level.

It will be apparent to the skilled person that in order to obtain the NG for
expression profiling the non human experimental animal is 'sacrificed.

Tt will be understood that the genes that are compared are genes whose expression
is altered by at least 10%, more preferably the expression is altered by at least 25%, most
preferably, the expression is altered by at least 50% in animals having prolonged sensory
neuron hyper-excitability. As aforesaid, the expression may be up-regulated or down-
regulated.

Preferably, the panel of prolonged sensory neuron hyper-excitability modulated
genes are selected from the group consisting of those genes disclosed in Table 1 as shown
at the end of the description.

Preferably, the prolonged sensory neuron hyper-excitability modulated signal
compared comprises the expression level of at least one nucleic acid sequence encoding a
receptor selected from the group consisting of the vanilloid receptor VR1 (Trpvl),
cholecystokinin receptor A (Cckar), serotonin receptor 3A (Hir3a) and somatostatin 2
receptor (Sstr2). More preferably, the panel of prolonged sensory neuron hyper-
excitability modulated signals compared comprises the expression level of at least nucleic
acid molecules encoding the vanilloid receptor VR1 (Trpvl), cholecystokinin receptor A
(Cckar), serotonin receptor 3A (Hir3a) and somatostatin 2 feceptor (Sstr2). Most
preferably, the method comprises comparing the expression of a panel of at least 40
nucleic acid sequences encoding genes having modulated expression in NG associated
with having prolonged sensory neuron hyper-excitability. In a more particular

embodiment, the method comprises comparing an expression panel of prolonged sensory
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neuron hyper-excitability modulated genes selected from the group consisting of those
genes disclosed in Table 1. A particularly preferred panel of 51 genes whose expression is

to be compared is shown in Table 2 below.

In a preferred embodiment of the invention the expression profile of prolonged sensory
neuron hyper-excitability modulated genes is assessed at the mRNA level. It will be
understood that the presence of the at least 1 nucleic acid molecule may be detected on
the basis of a probe capable of hybridizing thereto which may be affixed to a solid
support. A panel of probes capable of hybridizing to a panel of nucleic acids can be
affixed to a solid support in an arrayed form as described hereinafter.

In a preferred embodiment of the invention, labelled mRNA is hybridized against
a panel of different nucleic acids representing or comprising genes expressed in the NG.
The term"labelled mRNA"herein refers to methods of labelling mRNA which for
example can be performed by fluorescence-labelling using fluorescent dyes or by
autoradiographic labeling using e. g2 or P. Labelling methods are well known by
those skilled in the art and are described (Sambrook et al., supra; Ausubel et al., supra,
Eisen and Brown, Methods Enzymology 303 (1999),179-205).

The mRNA labelled as indicated above is hybridized against a panel of different
"nucleic acids representing or comprising genes" expressed in the NG. The term "nucleic
acids representing or comprising genes" denotes for example oligonucleotides, cDNAs,
PCR fragments amplified from ORFs, or any other polymeric form of nucleotides of any
length, either ribonucleotides or deoxyribonucleotides.

In a preferred embodiment of the invention said panel of different nucleic acids is
affixed to a solid support. The solid support herein can be for example represented by
polylysine-treated glass slides or activated slides that allow single strand covalent amino-
mediated binding of cDNA, however, is not limited to those (Blohm and Guiseppi-Elie,
Current Opinion Biotechnology 12 (2001), 41-47).

In a preferred embodiment of the invention said panel of different nucleic acids is
affixed to said solid support in arrayed form. The construction of microarrays is described
e. g. in the examples hereinafter or in Marton (Nature Medicine 4(1998), 1293-13).

Any non-human animal model of prolonged sensory neuron hyper-excitability is

suitable for use in the screening methods of the present invention. Exemplified herein isa
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method in which a rodent is infected with Nippostrongylus brasiliensis and subjectéd to
stress. Intestinal inflammation is induced by the infection but once the inflammation has
subsided prolonged sensory neuron hyper-excitability remains. These post-inflammatory
changes parallel the pathology of human irritable bowel syndrome (IBS). There are
however a number of other methods of modelling G. I. tract disorders in which intestinal
inflammation can be induced with attendant prolonged sensory neuron hyper-excitability
using a variety of infectious or non-infectious agents all of which would be suitable for
use in the screening method of the invention and which may or may not be combined with
the attendant application of stress.

For example, the relevant inflammatory response can be induced by other
parasites, particularly Helminths such as Heligmosomoides polygyrus, Trichuris muris or
Leishmania major. Other suitable parasitic Helminths are identified in the Table 3 below.

The prolonged sensory neuron hyper-excitability may begin and end at different
times after the initial infection, depending upon the nature and life cycle of the infectious
agent and may be further enhanced by repeated or subsequent infections or other factors

(physical and chemical stressors — see below).
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Table 3
Phylum Class and order Family Genus and Spec;ies Disease
Nematoda Adenophorea; Enoplida Trichinellidae Trichinella spiralis Trichinosis
(muscleworms)
Trichuridae (whipworms) | Trichuris trichiura Trichuriasis
Secernentea; Rhabditida Strongyloididae Strongyloides stercoralis Strongyloidiasis
(threadworms)
Secernentea; Strongylida Ancylostomatoidea Ancylostoma duodenale Hookworm
(hookworms) ' disease
Necator americanus
Secernentea; Ascaridida Ascarididae Ascaris lumbricoides Ascariasis
(roundworms)
Onchocercidae (filarids) Wuchereria bancrofti Filariasis
Brugia malayi
Platyhelminthes | Trematoda; Strigeatoida Schistosomatidae Schistosoma mansoni Schistosomiasis
(flukeworms)
Schistosoma japonicum
Schistosoma
haematobium
Fasciolidea Fasciola hepatica Fascioliasis
Cestoidea; Cyclophyllidea | Taeniidae Taenia solium Cysticercosis
(tapeworms)
Enchinococcus granulosus | Hydatid cyst

The immunopathology of various of these parasites is described in Gause et al,

Trends in Immunology, Vol. 24, No. 5, May 2003.

Other infective agents suitable for inducing inflammatory conditions in the

intestinal mucosa of a non-human animal include bacteria such as Campylobacter species,

Helicobacter species and E.coli. Since the inflammation may be generated by antigenic

determinants or toxins carried by the bacteria, the model may involve the administration

of bacteria either dead or alive or the administration of individual inflammatory antigens,

such as known bacterial toxins.

Other non-human animal models of prolonged sensory neuron hyper-excitability

for use in the invention include those where an irritant material is administered to the

intestine at some time prior to assessment of sensory neuron hyper-excitability. Suitable

materials include a material selected from the group including: dinitrochlorobenzene ,

trinitrobenzene sulphonic acid, dinitrobenzene suphonic acid, acetic acid, mustard oil,
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dextran sodium sulphate, croton oil, carageenan, amylopecﬁn sulphate, oxazalone and
indomethacin.

The experimental non-human animal having prolonged sensory neuron hyper-
excitability as used herein relates to other known non-human animal models of mucosal
inflammation, such as those used to study the pathogenesis of inflammatory bowel
disease, such as for example described in Strober et al. (Anhu. Rev. Immunol. 2002
20:495-549) and the post-inflammatory states arising therefrom.

Further non-human animal models may also be used in the screening method of
the invention where the non-human animal has a particular genetic background or carries
a genetic defect or has been otherwise engineered (e.g. a transgenic animal) to exhibit
intestinal inflammation and prolonged sensory neuron hyper-excitability.

Examples of genetic background differences in non-human animals include the
different responses to various somatic and visceral painful stimuli exhibited by different
strains of mice (Mogil et al., Pain 1999;80:67-82; Kamp et al., Am. J. Physiol.,
2003;284:G434-G444); the heightened sensitivity to wrap restraint and water avoidance
exhibited by Fischer rats when compared to Sprague Dawley and Lewis rats, respectively;
and the well described depressive phenotype of Flinders rats (Yadid et al., Prog.
Neurobiol. 2000;62:353-378) that results in enhanced viscero-motor responses to
colorectal distension (Eisenbruch et al., Neurogastroenterol. Mot. 2004;16:80 1-809).

Examples of genetic defect or engineered models are:

Tg:26 mice

TCR-a chain deficiency

TNF**RE mice (TNF-a overproduction)
WASP deficiency

C;H/HeJBir mice

N-cadhaerin dominant-negative mice
Gi2a-deficient mice

IL-2 deficient mice

Samp1/Yit mice

T-bet Tg mice

STAT4 Tg mice
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TGF-A RII dominant-negative Tg mice
HLA-B27 Tg rats
Mdr1a-deficient mice

IL-7 Tg mice

The non-human animal may be a mouse, rat or other rodent, guinea pig, cat, dog,
or non-human primate. The aforementioned models of mucosal inflammation may be
operated with or without the concurrent application of stress to the animal. Alternatively,
stress to the animal may in itself be sufficient to cause prolonged sensory neuron hyper-
excitability and accordingly useful in the methods of the invention. Stress may be applied
in 2 number of ways, for example, over-crowded housing, poor handling, absence of
tubes or gauze in a cage. Other stressors that may be employed are known in the art as
described by Mayer et al.(supra) and Taché et al. (supra) and include: neonatal colonic
irritation, maternal separation, foot shock, open field, loud noise, water avoidance, tail
shock, wrap restraint, cold water swim, exposure to cold or heat and other environmental
stimuli. Such stressors may be employed alone, in combination with each other and / or
in combination with inflammation.

In an alternative embodiment this invention provides the comparison of the
expression profiles of the prolonged sensory neuron hyper-excitability modulated genes
in cell populations capable of expressing one or more of said genes disclosed in Table 1,
preferably capable of expressing one or more of said genes disclosed in Table 2, more
preferably in cell populations expressing at least one nucleic acid sequence encoding a
receptor selected from the group consisting of the vanilloid receptor VR1 (Trpvi),
cholecystokinin receptor A (Cckar), serotonin receptor 3A (Htr3a) and somatostatin 2
receptor (Sstr2). More preferably the invention involves comparing the expression
profiles of at least nucleic acid molecules encoding the vanilloid receptor VR1 (TrpvI),
cholecystokinin receptor A (Cckar), serotonin receptor 3A (Htr3a) and somatostatin 2
receptor (Sstr2). Most preferably the invention involves comparing the expression of a
panel of at least 40 nucleic acid sequences encoding genes having modulated expression
in NG associated with having prolonged sensory neuron hyper-excitability. A particularly

preferred panel of genes whose expression is to be compared is shown in Table 2 supra.
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In this alternative embodiment the expression profiles are compared between a

test cell, i.e. a cell population known to have an expression profile as observed in the NG

_ of the non-human animal having prolonged sensory neuron hyper-excitability with a

reference cell population, i.e. a cell population known to have an expression profile as
observed in the NG of the non-human animal not having prolonged sensory neuron
hyper-excitability.

Accordingly in a second aspect the invention provides a method for identifying a
compound capable of reducing or preventing prolonged sensory neuron hyper-excitability
comprising the steps of:

(a) administering the compound to a test cell population;

(b) generating an expression profile of the prolonged sensory neuron hyper-
excitability modulated genes in the cell population of step (a);

(c) comparing the expression profile obtained in (b) with the expression profile of
the prolonged sensory neuron hyper-excitability modulated genes in a reference cell
population;

wherein a positive correlation of the expression profiles is indicative that the
compound is capable of reducing or preventing prolonged sensory neuron hyper-
excitability in NG.

Preferably the test cell population is derived from the NG of an experimental non-
human animal having prolonged sensory neuron hyper-excitability, and the reference cell
population is derived from the NG of an experimental non-human animal not having
prolonged sensory neuron hyper-excitability. More preferably the cell populations are
derived from the NG of a rodent, in particular mice.

It is also an object of the present invention to provide the use of NG sensory
neuron activity assays in a method to identify compounds capable of reducing or
preventing prolonged sensory neuron hyper-excitability. Such assays are known in the art
and typically involve measurement of ionic currents using either

i) electrophysiological techniques such as for example using two-electrode voltage
clamp recordings (Dascal N. (1987) Crit.Rev.Biochem 22, 341-356), patch-clamp
recordings (Zhou Z. et al., (1998) Biophysical Journal 74, 230-241), or measurement of
action potentials using microelectrodes (Dall’Asta V. et al. (1997) Exp.Cell Research
231, 260-268) or
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ii) fluorometric techniques wherein the ion currents, in particular calcium currents,
are assessed using several ion-sensitive fluorescent dyes, including fura-2, fluo-3, fluo-4,
fluo-5N, fura red, Sodium Green, SBFI and other similar probes from suppliers including
Molecular Probes. The ionic currents, in particular calcium, can thus be determined in
real-time using fluorometric and fluorescence imaging techniques, including fluorescence
microscopy with or without laser confocal methods combined with image analysis
algorithms.

In a particular embodiment the NG sensory neuron activity assay consist of the
patch clamp recordings as described in the examples hereinafter.

Accordingly in a third aspect the present invention provides a method for
identifying a compound capable of reducing or preventing prolonged sensory neuron
hyper-excitability comprising the steps of:

(a) administering the compound to NG having prolonged sensory neuron hyper-
excitability; and

(b) determining the effect of said compound on the NG sensory neuron activity of
said cells.

In a further embodiment of the aforementioned method the NG are derived from
mouse previously infected with Nippostrongylus brasiliensis. In the aforementioned
method the activity of the NG is assessed using any one of the assays described
hereinbefore, in particular the patch clamp recordings as described in the examples
hereinafter. Alternatively, the capability of a compound to prevent or reduce prolonged
sensory neuron hyper-excitability is assessed using whole animal nociceptive assays. In
these assays quantifiable behaviour or physiological responses are used to compare pain
perception in the non-human animal.

As described in Example 6 hereinafter, a particular assay to study prolonged
sensory neuron hyper-excitability consists of the pressor-depressor model in which
changes in arterial blood pressure, recorded during phasic distention of both the jejunum
and the colon, is used to measure visceral hypersensitivity. -

Further assays to study sensory neuron hyper-excitability are known in the art and
include;

i) the abdominal constriction, a.k.a. writhing test, wherein a noxious substance is injected

into the peritoneal cavity to score the number of writes — lengthwise stretches of the torso
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with a concomitant concave arching of the back- as a readout for hyper-excitability (
Mogil I.S. et al., Pain 80 (1999) 67-82); or

ii) the colorectal distention test (CRD), wherein electromyographic (EMG) recording is
used to determine the contraction of the abdominal musculature in response to phasic
colorectal distention. This response is also known as the visceromotor response (Kamp
E. et al., Am.J.Physiol.Gastrointest.Liver Physiol. 284 (2003) G434-G444.

It is accordingly a further object of this invention to provide the use of a
nociceptive assay in a method to identify the capability of a compound to reduce or
prevent prolonged sensory neuron hyper-excitability. It thus provides a method for
identifying a compound capable of reducing or preventing prolonged sensory neuron
hyper-excitability comprising the steps of:

(a) administering the compound to an expetimental non-human animal having
prolonged sensory neuron hyper-excitability; and '

(b) determining the effect of said compound in a nociceptive assay.

In this method any non-human animal model of prolonged éensory neuron hyper-
excitabilitly as described hereinbefore can be used. In particular the experimental non-
human animal having prolonged sensory neuron hyper-excitability is a rodent previously
infected with Nippostrongylus brasiliensis and subjected to stress, even more particular a
mouse previously infected with Nippostrongylus brasiliensis and subjected to stress. The
nociceptive assay will typically consist of the pressor-depressor model as provided in

example 6 hereinafter.

Further visceral and somatic nociceptive assays, reviewed for example in Mogil J. S et al
(supra), which may be used in the current invention include, but are not limited to:- the
autotomy following hindlimb denervation (AUT) test; the carrageenan hypersensitivity
(CARgr) test; the formalin test (Fearly/F late); the hot-plate test (HP); the Hargreaves test of
thermal nociception (HT); the Cheung peripheral nerve injury model(PNIyr, PNIyr); the
tail withdrawal test (TW); and the Von Frey filament test of mechanical sensitivity (VF).

According to a fourth aspect of the current invention there is provided a method of

treating a subject with a disease condition related to prolonged sensory neuron hyper-
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excitability, comprising administering to a subject an effective amount of an agent that
modulates NG sensory neuron activity.

Preferably the agent is one which reduces or prevents prolonged sensory neuron
hyper-excitability.

Preferably, the disease condition associated with prolonged sensory neuron hyper-
excitability is a gastrointestinal (GI) tract disorder, particularly a bowel disorder, such as
but not limited to, ulcerative colitis, Crohn's disease, ileitis, proctitis, celiac disease,
enteropathy associated with arthropathies, microscopic or collagenous colitis,
eosinophilic gastroenteritis, pouchitis resulting after proctocolectomy/post ileoanal
anastomosis, functional dyspepsia, functional vomiting, oesophagitis, gastric ulcer,
duodenal ulcer or irritable bowel syndrome. In addition the disease or condition
associated with prolonged sensory neuron hyper-sensitivity may be depression or other
stress-related disorder.

The agent may be one which modulates the expression or activity of one or more
of the genes listed in Table 1 or modulates the activity of any protein or polypeptide
expressed from one or more of said genes. Preferably, the agents may be those which
modulate the expression or activity of one or more receptors selected from the group
consisting of Table 2

Further, suitable agents are any compound identified as capable of reducing or
preventing prolonged sensory neuron hyper-excitability which are identified using any

one of the compound screening methods described above.

According to a fifth aspect of the present invention, there is provided a
pharmaceutical composition for the treatment of a disease or disorder related to prolonged
sensory neuron hyper-excitability comprising any one or more of the compounds
identified below, any other compound capable of modulating the expression or activity of
one or more of the genes listed in Table 1 or any compound identified by the method of
first aspect of the invention and at least one pharmaceutically acceptable diluent or
excipient.

Tt will be understood that the pharmaceutical composition may be administered by
any suitable means, such as, but not limited to oral or nasal administration, suppository,

subcutaneous or intraperitoneal injection or intravenous administration.
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In the pharmaceutical composition of the invention, preferred compositions
include pharmaceutically acceptable carriers including, for example, non-toxic salts,
sterile water or the like. A suitable buffer may also be present allowing the compositions
to be lyophilized and stored in sterile conditions prior to rec;onstitution by the addition of
sterile water for subsequent administration. The carrier can also contain other
pharmaceutically acceptable excipients for modifying other conditions such as pH,
osmolarity, viscosity, sterility, lipophilicity, osmobility or the like. Pharmaceutical
compositions which permit sustained or delayed release following administration may
also be used. '

Compounds which are identified are suitable for use in the methods of the current
invention along with derivatives that retain substantially the same activity as the starting
material, or more preferably exhibit improved activity, which may be produced according
to standard principles of medicinal chemistry, which are well known in the art. Such
derivatives may exhibit a lesser degree of activity than the starting material, so long as
they retain sufficient activity to be therapeutically effective. Derivatives may exhibit
improvements in other properties that are desirable in pharmaceutical active agents such
as, for example, improved solubility, reduced toxicity, enhanced uptake, etc.

According to a sixth aspect of the present invention there is provided a method of
making a pharmaceutical composition for the treatment of a disease or disorder related to
prolonged sensory neuron hyper-excitability, comprising combining a compound
identified according to the method of the first aspect of the invention or any of the
compounds identified as suitable disclosed above together with a pharmaceutically
acceptable diluent or excipient.

According to a seventh aspect of the current invention there is provided the use or
one or more of the compounds recited below in the manufacture of a medicament for the
treatment of a disease or disorder related to prolonged sensory neuron hyper-excitability.

Preferably, the prolonged sensory neuron hyper-excitability is NG sensory neuron
hyper-excitability

Preferably, the disease or disorder related to prolonged sensory neuron hyper-
excitability is a GI tract disorder. More preferably the GI tract disorder comprises a
bowel disorder, such as but not limited to, ulcerative colitis, Crohn's disease, ileitis,

proctitis, celiacdisease, enteropathy associated with arthropathies, microscopic or
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collagenous colitis, eosinophilic gastroenteritis, pouchitis résulting after proctocolectomy
and post ileoanal anastomosis, functional dyspepsia, functional vomiting, oesophagitis,
gastric ulcer, duodenal ulcer or irritable bowel syndrome. In addition the disease or
condition associated with prolonged sensory neuron hyper-sensitivity is depression or
other stress-related disorder.

In a preferred embodiment the invention relates to uses of a modulator of
serotonin receptor 3A (Htr3a) such as, for example, Ondansetron, Granisetron, Alosetron,
Cilinsetron, or dolasetron in the manufacture of a medicament for the treatment of any
one of the above GI tract disorders and in particular the treatment of irritable bowel
syndrome.

All of the genes listed in Table 1 are potential pharmaceutical targets whose
activity might be modulated to reduce or prevent prolonged sensory neuron hyper-
excitability. Modulation of one or more of those genes is likely to be useful in the
treatment of G.Ltract disorders or stress-related disorders such as ulcerative colitis,
Crohn's disease, ileitis, proctitis, celiac disease, enteropathy associated with arthropathies,
microscopic or collagenous colitis, eosinophilic gastroenteritis, pouchitis resulting after
proctocolectomy and post ileoanal anastomosis, functional dyspepsia, functional
vomiting, oesophagitis, gastric ulcer, duodenal ulcer, irritable bowel syndrome or
depression.

Techniques which may be used to validate one or more of the genes of Table 1 as
a pharmaceutical target in one or more of the above diseases are antisense technology or
gene silencing using, for example, methylation of DNA or RNA interference (RNA1).
"RNAi" is a process of sequence-specific down-regulation of gene expression RNAi may
be performed using, for example, small interfering RNA (siRNA). This is a specific type
of the well-known RNAi. technique. (also referred to as "RNA-mediated gene silencing")
initiated by double-stranded RNA (dsRNA) that is complementary in sequence to a region
of the target gene to be down-regulated (Fire, A. Trends Genet. Vol. 15, 358-363, 1999;
Sharp, P.A. Genes Dev. Vol. 15, 485-490, 2001).

Over the last few years, down-regulation of target genes in multicellular
organisms by means of RNA interference (RNAi) has become a well established
technique. In general, RNAi comprises contacting the organism or cell with a double-

stranded RNA fragment (generally either as two annealed complementary single-strands
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of RNA or as a hairpin construct) having a sequence that corresponds to at least part of a
gene to be down-regulated (the "target gene"). Reference may be made to International
application WO 99/32619 (Carnegie Institute of Washington), International application
WO 99/53050 (Benitec), and to Fire et al., Nature, Vol. 391, pp.806-811, February 1998
for general description of the RNAI technique.

Elbashir ef al. (Nature, 411, 494-498, 2001) demonstrated effective RNAI-
mediated gene silencing in mammalian cells using dsRNA fragments of 21 nucleotides in
length (also termed small interfering RNAs or siRNAs). These short siRNAs
demonstrate effective and specific gene silencing, whilst avoiding the interferon-mediated
non-specific reduction in gene expression which has been observed with the use of
dsRNAs greater than 30bp in length in mammalian cells (Stark G.R. et al., Ann Rev
Biochem. 1998, 67: 227-264; Manche, L et al., Mol Cell Biol., 1992, 12: 5238-5248). In
practice these siRNAs may be between about 19 and about 23 nucleotides in length and
can be introduced into the cell by standard transfection techniques or more appropriately
be produced in situ using an expression vector for the production of siRNAs within cells.
A particularly advantageous embodiment of the technique produces 50mer fragments in
such a way that they form hairpin-like structures know as shRNAs. These are more stable
than siRNA fragments. Commercial siRNA and shRNA kits are available such as one
produced by Invivogen. ( San Diego, USA)

In an eighth aspect the invention relates to the use of small interfering RNA
(siRNA) to validate as pharmaceutical targets in the treatment of a G.I tract disorder or
stress-related disorder such as any of those already listed above, any one or more of the
genes shown in Table 1. It will be appreciated that the silencing of any one of the genes
will elucidate its role in the listed disorders thus, being an effective target validation

mechanism.

Brief Description of the Drawings

The invention will be further understood with reference to the following experimental
Examples and the accompanying figures in which:-
'Figure 1A shows the numbers of labelled DRG neurons after injection of CTB488

label into the intestinal musculature (IM).
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Figure 1B shows the numbers of labelled DRG neurons after injection of CTB549
label intraperitonealy (IP).

Figure 1C and D are panels showing that all neurons fluorescently labelled
following IM injection of CTB488 were co-labelled by IP injection of CTB594.

Figure 2A shows the serum corticosterone stress eniyme levels in the groups of
Nb infected and non infected mice after 5 weeks in a stressed or non stressed
environment.

Figure 2B shows the average serum corticosterone levels in the stressed and non
stressed mice after 5 weeks.

Figure 3A shows mean serum IgE levels in pg/ml in infected and non infected
stressed and non stressed mice.

Figure 3B shows the variation in IgE levels in Nb infected and non infected mice
over time.

Figure 4 shows the variation in mast cell counts in Nb infected and non infected
mice over time.

Figure 5 shows the histology of Nb infection in mouse, the panels showing the gut
prior to infection, during acute inflammation and after acute inflammation has subsided.

Figure 6 shows the conductance of the DRG neurons from infected and non
infected animals.

Figure 7 shows that in DRG neurons the Rheobase was lower in Nb infected mice
compared to non infected mice.

Figure 8 shows that action potential number in DRG neurons following 500ms at
2x Rheobase was increased in Nb infected mice.

Figure 9 shows a comparison of the slow afterhyperpolarization (sSAHP) in DRG
neurons following action potentials in sham and Nb infected mice.

Figure 10 shows the resting conductance of NG neurons from infected and non
infected animals, expressed as raw data and normalized to cell size (capacitance)

Figure 11 shows that action potential number in NG neurons following 500ms at
2x Rheobase was increased in Nb infected mice.

Figure 12 shows the change in antipeak amplitude, action potential half width and

maximum decay slope in NG after Nb infection.
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Figure 13 shows that in NG neurons the Rheobase was lower in Nb infected mice
compared to non infected mice.

Figure 14 shows spectral map analysis and principal component plot of gene
expression in DRG neurons isolated by laser capture from non infected / non stressed,
infected / non stressed, non infected / stressed, and infected / stressed groups of mice.

Figure 15 shows spectral map analysis of gene expression in NG neurons isolated
by laser capture from non infected / non stressed, infected / non stressed, non infected /
stressed, and infected / stressed groups of mice.

Figure 16 shows a Venn diagrammatic representation of the number of genes
identified by spectral map analysis (SPM), significance analysis (SAM) and fold
difference filtering (FD). The selection of 1996 genes was based on the fulfilment of at
least two of these three criteria.

Figure 17A shows the effect on expression of vanilloid receptor VR1 mRNA of
Nb infection in DRG and NG neurons measured on an Affymatrix microarray.

Figure 17B show expression level of Trpvl MRNA as assessed by quantitative
PCR.

Figure 18A shows the effect on expression of 5-HT3 receptor of Nb infection in
NG and DRG neurons.

Figure 18B shows the effect on expression of cholecystokinin receptor A of Nb
infection in NG neurons.

Figure 19A shows the effect on expression of somatostatin 2 receptor of Nb
infection in NG neurons.

Figure 19B shows expression level of Sstr2 mRNA as assessed by quantitative
PCR in DRG an NG neurons.

Figure 20A shows immunohistochemical staining of VR1 protein level in sham
and Nb infected NG and DRG neuron sections.

Figure 20B shows a graphical representation of the level of VR1 protein staining
seen in Figure 20B, showing that there is a significant increase in VR1 expression in Nb
infected NG neurons. |

Figure 21 shows the effect of jejunal phasic distension on pressor responses

responses in Sham vs. Day 21 Post Nb infection animals.
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Figure 22 shows the effect of colonic phasic distension on pressor responses in
Sham vs. Day 21 Post Nb infection animals.

Figure 23 shows the effect of 1uM of the the somatostatin antagonist octreotide on
evoked action potential discharge in sham and infected NG neurons.

Figure 24 shows the mean effects of 1uM of the the somatostatin antagonist
octreotide on evoked action potential discharge in sham and infected NG neurons.

Figure 25 shows in panel A the mean afferent nerve activity and in Panel B the IP
response to intraluminal acid infusion in sham and Nb infected mice.

Figure 26 shows the acute and prolonged increase over baseline of nerve firing

(Panel A) and IP (Panel B) in response to intraluminal acid infusion.

Materials and Methods

Retrograde labelling of sensory neurons ‘

Female balb-c mice (20 + 2g, n=4) were anaesthetized with ketamine / xylazine /
acepromazine (80 / 50 / 1 mg/kg, IP, respectively). Anaesthesia was subsequently
maintained by top-up doses of 20 mg/kg ketamine (IP) as required. Following a midline
laparotomy, a 5 cm section of the jejunum was exposed to enable intramuscular (IM)
injections of fluorescently labelled cholera toxin subunit B (CTB488, Molecular Probes,
Eugene, OR). A Hamilton syringe was used to inject 2-4 ul of CTB488 into the intestinal
musculature at ten distinct sites along both sides of the jejunal segment. Following
suturing of the abdominal incision and recovery from the surgery, mice were injected IP
with a contrasting fluorophore (CTB594, 100pl, Molecular Probes). After a 4 day
recovery period, animals were euthanized. NG and DRG from T1-L4 were removed.
Each ganglion was placed on a slide and a coverslip was used to cover and squash the
ganglia to enable counts of CTB488- and CTB594-labelled neurons in the same ganglia,
using a Leica fluorescence microscope equipped with TX2 (for CTB594) and L5 (for
CTB488) filter blocks (Leica, Toronto, Canada). All procedures were approved by the

institutional Animal Care Committee.

Assessment of numbers of neurons in sensory ganglia
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CTB488 was administered IP (100ul) to mice and the animéls were euthanized four days
later. One of each pair of DRG from T10 to T13 were harvested and frozen, prior to
sectioning on the cryostat at 10pm. The paired ganglia from the contra-lateral side were
squashed on slides beneath cover slips, as described above. Photomicrographs of at least
10 cryostat sections per ganglion and the squash preparations were prepared using a Leica
fluorescence microscope and filter block L5. The numbers of fluorescent cells were
counted from the resultant photomicrographs. The cryostat sections were then stained
with methylene blue and the total numbers of neurons (ganglion cells containing a
recognizable nucleus) were counted. From these measurements it was possible to
determine the percentage of fluorescent neurons in the cryostat sections (number of
fluorescent cells x 100/total of number of neurons). This factor could then be applied to
the squash preparation counts to determine the total numbers of neurons per ganglion
(number of fluorescent neurons in squash preparations x 100/percentage fluorescent

neurons).

Laser capture microdissection (LCM)

All ganglia harvested for microarray studies were removed 3-4 days after a single IP
injection of CTB488 (100ul). Nodose and T10 to T13 dorsal root ganglia were procured
from balb-c mice. Each labelled sensory ganglion was placed in tissue freezing medium
(TFMTM, Triangle Biomedical Sciences, Durham, NC), frozen and stored at -80°C until
the sample was used for RNA extraction or laser capture microdissection (LCM).

Cryostat sections (12pm) were attached to RNAse-free PEN membrane-covered glass
slides (P.A.L.M. Microlaser Technologies AG, Bernried, Germany), fixed with 100%
ethanol and air dried prior to LCM. Microdissection was performed on a P.A.LM.
microbeam-equipped microscope (Axiovert 135, Zeiss, Gottingen, Germany). Fluorescent
neuronal cells were detected and subsequently marked by cutting the contours of the cell
with low laser energy. Marked cells were excised after Nissl staining (0.5% Cresyl violet
Acetate [Sigma-Aldrich, St. Louis, MO]/0.IM SodiumAcetate [Fluka, Buchs,
Switzerland]). Cells were catapulted in 75ul Rneasy lysis buffer (RLT, Qiagen GmbH,
Hilden, Germany) containing 0.14M B-mercaptoethanol and 200ng polyinosinic acid

(Sigma) and stored at -80°C.
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RNA isolation

Laser captured samples were incubated at 42°C for 20min and then chilled on ice. An
equal volume of 70% ethanol was added to each sample and then transferred to RNeasy
MinElute Spin Columns (Qiagen). RNA was cleaned up according to manufacturer's

instructions, eluted in 14ul of RNAse free water and adjusted to 4pl by vacuum drying.

RNA Amplification

As “spike-in” controls, the GeneChip Poly-A RNA control kit (Affymetrix, Santa Clara,
CA) was used. Serial dilutions were made of the prokaryotic Poly-A control using the
following dilution steps; 1:20, 1:50, 1:50, 1:20 and 1:10. This dilutions series was based
on a estimated starting amount of 0.5 ng total RNA in the laser captured material. First
strand cDNA was prepared as described by the Affymetrix two cycle cDNA synthesis
protocol except for the use of Superscript III (Invitrogen, Carlsbad, CA) and incubation at
50°C for 30 minutes. Second strand master mix consisted of 1pl 10X Bst polymerase
buffer (Epicentre, Madison, WI), 1pl of 10mM dNTP (Invitrogen), 0.5u1 (1U)
thermostable RnaseH (Invitrogen), 1pl (5U) Bst DNA polymerase (Epicentre) and water
to 10pl. This master mix was added to the first strand cDNA reaction and incubated at
65°C for 10 min before heat inactivation at 80°C for 3min. Subsequently 2ul of
exonuclease mix was added containing Exol and ExoVII and incubated at 37°C for 10min
followed by heat inactivation at 80°C for 3min. Double-stranded cDNA was transcribed
at 42°C for 3 hours using the AmpliScribe T7 High Yield Transcription Kit (Epicentre) in
a total volume of 100 pl (final concentration of all reagents 0.2 x less than described in
manufacturer’s instructions). The resulting amplified RNA was incubated with DNAse I
(4 Units/pl) at 37°C for 15 minutes. Amplified RNA was purified after adding 100 ng
polyinosinic acid using RNeasy MinElute Cleanup Kit (Qiagen). RNA was eluted in 14
ul of RNAse-free water and adjusted to 4 pl by vacuum drying. The second round of
amplification was performed as described above except that 50ng of random hexamer
primers was used to prime the reverse-transcription reaction and that the second strand

cDNA reaction was primed with 0.25ng T7 oligo.

RNA labelling and microarray hybridisation
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The third round amplification, including biotin labelling, was performed on 500ng of
second round amplified RNA. First strand cDNA synthesis was performed as described
above except that Superscript 11 was used and incubated at 37°C for 1 hour. Subsequently
RNAse H (1U) (Invitrogen) was added and incubated at 37°C for 20 min followed by
denaturation at 95°C for 2min. Second strand cDNA synthesis was performed using 1 pl
T7 oligo dT24 (Affymetrix 100pmol/ul) annealed for 5 min at 70°C, and the reaction was
then incubated at 42°C for 10 min. A master mix was prepared consisting of 10x second
strand buffer, dNTPs (200mM final), E. coli RNAse H (2U) and 10U E. coli DNA
polymerase (Invitrogen) and added to the first strand reaction to obtain a 50 pl reaction
volume. Following incubation at 37°C for 10min, denaturation was done at 80°C for
3min. Cleanup of second strand cDNA synthesis was performed using Qiagen PCR
purification kit according to manufacturer’s instructions. For synthesis of biotin-labelled
RNA the BioArray HighYield RNA transcript labelling Kit (Enzo Life Sciences,
Farmingdale, NY) was used according to manufacturer’s instructions. Clean-up of biotin
labelled RNA was performed using the RNeasy Mini Kit (Qiagen). Labelled RNA was
hybridized to either mouse genome MG-U74v2 (12.000 transcripts) or MG-430_2.0
(39.000 transcripts) GeneChip arrays (Affymetrix). Hybridisation of microarrays was
performed using 12.5pg biotin labelled RNA at 45°C for 16h under continuous rotation.
Arrays were stained in Affymetrix Fluidics stations using Streptavidin/Phycoerythrin
(SAPE) followed by staining with anti-streptavidin antibody and a second SAPE staining.
Subsequently arrays were scanned with a Agilent Laserscanner (Affymetrix) and data
were analysed with the Microarray Suite Software 5.0 (Affymetrix). No scaling or

normalization was performed at this stage.

Data analysis and selection of genes

Normalization: Genes that were called absent in all samples according to Affymetrix'
MAS 5.0 software (p-value of >0.06) were removed from further analysis. Raw
intensities from each chip were log, transformed and all data from the samples were
quantile normalized per type of ganglion using the method described by Amaratunga and
Cabrera (Amaratunga D, Cabrera J., ] Am Stat Assoc 2001;96:1161-1170). Following the
group-wise quantile normalization, a second quantile normalization was carried out

across the data of all DRG and NG derived samples. This alignment sets the range of
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intensities of one array to the range measured across all arrays, compensating for array to
array variations in hybridisation, washing and staining, ultimately allowing a reasonable
comparison between arrays.

Spectral map analysis: Spectral map analysis is a recently introduced special type of
multivariate projection method that helps to reduce the complexity (dimensions) of highly
dimensional data (n genes versus p samples) (Wouters L, Gohlmann HW, Bijnens L, Kass
SU, Molenberghs G, Lewi PJ., Biometrics 2003;59:1133-1141). This unsupervised
method allows the reduction of the complexity of large microarray datasets and provides
a means to visually inspect and thereby identify clusters of genes and/or subjects in the
data without any bias from the observer. The aim of the technique is to retrieve the most
predominant differences in the dataset, disregarding genes that do not contribute to the
difference.

Significance analysis: Individual genes with different expression levels between groups
(SW/NS vs 1/S) were identified using Significance Analysis of Microarray data (SAM)
(Tusher VG, Tibshirani R, Chu G., Proc Natl Acad Sci US A 2001;98:5116-5121). SAM
assigns a score to each gene based on the difference in gene expression level relative to
the standard deviation of repeated measurements. SAM uses permutations of the repeated
measurements to estimate the percentage of genes identified by chance; i.e. the false
discovery rate (FDR). An extension of this FDR is the so-called g-value introduced by
Storey (Storey JD, Tibshirani R., Proc Natl Acad Sci U S A 2003;100:9440-9445).
Whereas the p-value is commonly used for performing a single significance test, the g-
value is useful for assigning a measure of significance to each of many tests performed
simultaneously, as in microarray experiments. We applied a 10% threshold (q = 0.1) for
our analysis (http://faculty.washington.edu/~jstorey/qvalue/manual.pdf;
hitp://faculty.washington.edu/ ~jstorey /qvalue /manual.pdf 2004).

Fold-difference filtering: A fold-difference filter was applied excluding all genes that
exhibited a difference in expression below 50% (1.5 fold difference filter).

Effect of amplification and CTB488 injection on gene expression
Effect of CTB488: The effect of CTB4388 labelling on gene expression profiles in sensory
ganglia was assessed by comparing expression profiles of ganglia isolated from three

vehicle treated animals to those of three combined intradermal and IP injected mice
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(resulting in labelling of almost all neurons). Although a clear difference in expression
profile was observed between NG and DRG, no significant effect of the dye injection was
noted.

Effect of amplification. In order to obtain sufficient material for microarray experiments,
RNA isolated from laser captured neurons was amplified uéing a three round
amplification protocol. Efficiency and sensitivity of amplification were assessed by
adding to the amplification reaction “spike-in” controls, consisting of four exogenous,
pre-mixed, polyadenylated prokaryotic sequences. The resultant array signal intensities of
the “spike-in controls served as sensitive indicators of the amplification and labelling
efficiency, independent of starting sample quality. In agreement with previous reports,
“gpike-in” controls revealed a detection limit of 1 copy in 1,000,000 and a direct

correlation between signal intensity and copy number.

Quantitative RT-PCR

Microarray data were confirmed using real time PCR analysis. First strand cDNA
synthesis was performed on 50ng second round amplified RNA using random hexamer
primers and Superscript IT RT (Invitrogen). Quantitative PCR was performed on a
ABIPrism 7900 cycler (Applied Biosystems, Foster City, CA) using a Tagman PCR kit
(Applied Biosystems). Serial dilutions of cDNA were used to generate standard curves of
threshold cycles versus the logarithms of concentration for ATPSase and the genes of

interest (see Table 4 for sequences of primers (Eurogentec, Seraing, Belgium)).

Table 4

CCKA  Forward 5’-CTGGGCAAGGGTGGTAACAT-3’

CCKA  probe 5. Fam-CCCAAGGAAAACTAGCATGTGGGACTCA-
Tamra-3’

CCKA  Reverse 5°-AGTTTTGGCATTCAAAGCTACTTATTAA-3’
HTR3a  Forward 5-TGTGCTCGCTTACAGCATCAC-3’

HTR3a  probe 5’-Fam-CTGGTCACTCTCTGGTCCATTTGGCA-Tamra-
3

HTR3a  Reverse 5’-GGCTGTGCCCACTCAAGAATG’

Trpvl Forward 5’-GCTCCAGGCCCAGAACTTG-3’



10

15

20

WO 2006/085065

Trpvl Probe
Trpvl Reverse
Sstr2 Forward
Sstr2 Probe
Sstr2 Reverse
ATPSase Forward
ATPSase Probe
ATPSase Reverse

PCT/GB2006/000435

-29.

5’-fam-TTGGGACGCTCCTTCCTAGCT-Tamra-3’
5’-GGCAGTCTCTCCACCTCTCAGT-3’

5’- TCCGGAGCGGAAGACATC-3’
5°-fam-ACCAGGTCACACCCAGGCAA-Tamra-3’
5’-GCCGGGCAGCTGTTTTC-3’
5’-GCACTGCAACTGATCTCTCCAT-3’
5’-Fam-CAAGCGAGAGCTCAGGTTTCCTTC-Tamra-3’
5’-GCTCTTGTGTGGCCTGCAT-3’

Murine environmental stressor

Balb/c mice were housed under different environmental conditions to produce ‘stressed’

and ‘non-stressed’ animals (Table5). Non-stressed animals were housed 3 mice to a cage

and cages were supplied with gauze to make bedding and tubing for environmental

enrichment. These animals were assimilated to human handling. Stressed animals were

housed 5 animals to a cage and were not supplied with gauze or tubing in their cages, and

were not assimilated to human handling.

Table 5
Stressed Non-stressed
5 per cage 3 per cage
No Tubes Tubes
No Gauze Gauze
Handle by tail only Handle with support
Open access Restricted access
Irregular handling Habituation by repeated handling

Blood pressure-distension experiments

Balb/c mice were anaesthetized with isofluorane. The carotid artery was cannulated for

monitoring blood pressure and heart rate. Following a mid line laparotomy, a S5cm
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section of the mid jejunum was intubated to allow infusion of saline in order to distend
the jejunum. A 5cm section of the proximal colon was also intubated to allow colonic
distensions. The exposed and cannulated segments of gut were covered in gauze
moistensed with saline to prevent dehydration. Blood pressure was allowed to stabilize
for at least 20 minutes prior to starting experimental stimuli. Phasic distensions were
performed manually by attaching a syringe to the end of the intraluminal cannulae and
injecting saline into the gut until the desired pressure is reached. This pressure was
maintained manually for 30 secs before release and the intraluminal pressure returned to
baseline (~0mmHg). The pressures attained were 12.5, 25, 50, 75, 100 mmHg, and there
was a 10 minutes interval left between each stimulus. The volume injected during each
distension was recorded. This series of phasic distensions from 12.5 — 100 mmHg were
performed in the jejunum first, then after a 10 minute interval, in the proximal colon. The
resultant deviations in the arterial blood pressure were recorded in response to each
individual stimulus. With balb/c mice under isofluorane aneasthesia there was typically
an increase in blood pressure (pressor response) followed by a decrease in blood pressure
(depressor response). Each of these parameters was measured separately and dose
response curves of the changes in blood pressures at increasing intraluminal pressures

were plotted for both the jejunum and the colon.

Patch clamp experiments

Balb/c mice were injected intraperitoneally with the retrograde labelling agent cholera
toxin B 488 3-7 days prior to experiments. Mice were then anaesthetized with
ketamine/xylazine, the spinal cord removed and DRG neurons isolated (T10-T13) for
electrophysiological recordings 18 — 24 hours after their dissociation and incubation, and
mounted on the stage of an inverted microscope (Leica DMIRE2)) for both bright-field
and fluorescence observation. Cholera toxin labelled neurons were identified by their
green fluorescence under the N3 filter system (Leica). Whole cell currents and voltage
clamp experiments were performed by using MultiClamp 7A amplifier and digitized with
a DigiData 1322A converter (Axon Instruments). Stimulation and data acquisition were
obtained by the pClamp 9 program (Axon Instruments). Signals were sampled at 10 kHz

or 20 kHz, and low-pass filtered at 4 KHz. The series resistance was compensated.
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Neurons were excluded from analysis if the seal resistance or access resistance was
unstable, or if they fired spontaneous action potentials.

Borosilicate glass (Harvard) was pulled with a P97 micropipette puller (Sutter, CA), and
fire polished by a MF 200 microforge (World Precision Instrument) to a tip resistance of
5— 10 MQ. A silver-silver chloride pellet (world Precision Instrument) was placed in the
recording dish as the reference electrode. The normal extraéellular Kreb’s solution
contained (in mM): NaCl 118.0, KC1 4.7, NaH;PO4 1.0, NaHCO3 25.0, MgS0,4 1.2,
CaCl, 2.5, D-Glucose 11.1, with pH adjusted to 7.3 by using NaOH. The normal
intracellular solution contained (in mM): HEPES 10.0, KCI 130.0, MgCl, 1.0, CaCl, 1.0,
EGTA 2.0, K,ATP 2, NasGTP 0.2, titrated with KOH to pH 7.25. The extracellular
solution for isolating TTX-resistance Na currents composed of (in mM): NaCl 145.0, KCl
4.8, HEPES 10.0, MgCl, 1.0, CaCl, 2.5, D-glucose 11.1, TTX 0.0003, CdC1 0.5, 4-AP
1.0, TEA-CI 5.0, CsCl1 2.0, pH adjusted to 7.3 by using NaOH, and the corresponding
intracellular solution was (in mM): HEPES 10.0, CsCl 130.0, MgCl; 1.0, CaCl; 1.0,
EGTA 2.0, K,ATP 2.0, Na3GTP 0.2, pH adjusted to 7.25 by using CsOH. All
experiments were performed at temperature of 30°C — 33°C.

Data were analyzed by using pClamp 9 software (Axon Instruments). Neurons
were recorded in both current-clamp and voltage-clamp configurations. Voltage clamp
recordings were used to generate current-voltage relationships for cells. Current clamp
recordings were used to determine the rheobase for action potential firing of neurons.
The number of action potentials elicited at 2x rheobase was subsequently assessed in

current clamp mode.

Corticosterone Assay
Balb/c mice were anesthetized by ketamine/xylazine solution and blood was collected by
a cardiac puncture to 3 ml vacutainer tubes containing EDTA (BD Scientific). Tubes were
placed at 4°C for 2 hours and then plasma was separated by centrifugation at 15,000
RPMI for 15 minutes, transferred to an Eppendorff tubes and frozen at -20°C for up to 1
month prior to ELISA assay.

Corticosterone levels in mouse plasma were determined by OCTEIA EIA assay
(ALPCO Diagnostics, Windham NH, USA). Briefly, plasma was diluted 1:10 with

sample dilutent in a glass tube (10x75 mm) and mixed on vortex. One hundred pl of such
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diluted samples were loaded on pre-coated 96-well plates and 100 ul of enzyme
conjugated solution was added to each well. Plates were incubated overnight at 4°C.
Samples were run simultaneously with provided corticosterone calibrators. After
incubation the contents of the plates were dumped and the plates were washed 3 times
with 250 pl of the washing buffer. TMB substrate (200 pl) was added to each well and
incubation continued for additional 30 minutes at room temperature. Reaction was
stopped by adding 100 pl of stop solution HCI and the plates were read at 450 nm in an
automated ELISA reader ELx808. Data were analyzed using KCjunior software (Bio-Tek
Instruments, Winooski VE, USA) and expressed in ng/ml.

Non-recovery surgical procedures

General anaesthesia in mice was induced with 3 % isoflurane and maintained with 2 %
isoflurane. The right external jugular vein was cannulated to allow maintenance
anaesthesia and the left external jugular vein was cannulated for systemic administration
of drugs. Body temperature was monitored with a rectal thermometer and maintained at
around 37 °C by means of a heating blanket. A midline laparotomy was performed and
the caecum was excised. A 5 cm loop of proximal jejunum was isolated and cannulated at
the proximal end with a cannula connected to a syringe pump to allow infusion of
intraluminal solutions. This inlet cannula was also connected to a pressure transducer to
allow monitoring of intraluminal pressure. The jejunal loop was cannulated at the distal
end to allow drainage of intraluminal solutions to waste. The abdominal incision was
sutured to a 20 mm diameter steel ring to form a well that was subsequently filled with

pre-warmed (37 °C) light liquid paraffin.

Nerve preparation and afferent recording

A mesenteric arcade was placed on a black Perspex platform and a single nerve bundle
was dissected from the surrounding tissue. This was severed distal from the wall of the
jejunum (approximately 5-10 mm) to eliminate efferent nerve activity. It was then
attached to one of a pair of platinum electrodes, with a strand of connective tissue
wrapped around the other to act as a differential. The electrodes were connected to a 1902

amplifier (Cambridge Electronic Design (CED), Cambridge, UK), filtered and
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differentially amplified with the resulting signal digitized via a 1401 plus interface (CED)
and captured on a PC using Spike2 software (CED).

Quantitative Inmunohistochemistry for VR1

To localize VR1-immunoreactivity, dorsal root ganglia and nodose ganglia were
harvested from mice infected or sham-infected with Nb 21 days previously and sacrificed
by an overdose of ketamine/xylazine (n=4 per group). Immediately after removal, the
ganglia were immersed in 10% neutral buffered formalin (NBF) for 48 hours, before
processing to paraffin. After embedding, sections were cut at 2pm and collected on
aminopropyltriethoxysilane-coated slides. Sections were dewaxed and endogenous
peroxidase was blocked in 0.5% hydrogen peroxide in methanol. After rinsing in Tris
buffered saline (TBS), sections were pre-treated with citrate buffer, pH6.0, for 30 minutes
at 98°C and then incubated in 20% normal goat serum in TBS for 20 minutes, followed
by anti-VR1 (PC420, Oncogene, now Calbiochem, San Diego, California, USA)
overnight at room temperature. Sites of primary antibody binding were detected using
double-cycled, goat anti-rabbit Igs and streptavidin-peroxidase (Zymed Laboratories,
South San Francisco, California). Colour was developed in aminoethylcarbazole and the
nuclei were counterstained in haematoxilyn. Sections were coverslipped in glycerine
jelly. Quantitation was performed using Quantimet Image Analysis software (Version
2.7, Leica, Toronto, Canada). Integrated optical densities were determined at 20X
objective magnification. The total integrated optical densities of the specific staining

were used for comparison between animals and groups.

Chemosensitivity Experiments

Balb/c mice were injected subcutaneously with 500 L3 Nb larvae in PBS, or with PBS
only (shams). Experiments were performed 3-4 weeks post-infection. Mesenteric afferent
recordings were obtained from isoflurane anaesthetized mice using conventional
extracellular recording techniques. A Scm section of the jejunum was intubated to allow
continuous intraluminal perfusion (0.15 ml/min) of either 0.9% saline or 50mM
hydrochloric acid (HCI). Jejunal afferent nerve activity and intraluminal pressure (IP) was

recorded in response to a 2.5 min HCI application (at time Os). Baseline activity (-100 to
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0s), acute acid response (50 to 110 s) and prolonged acid response (410 to 560 s) were

measured and compared between sham and Nb infected mice.

Examples

Example 1

Labelling of visceral sensory neurons

Intramuscular injection of abdominal tissues necessitates invasive surgery that is likely to
alter the expression of a variety of genes. Initial experiments were thus performed to
evaluate intraperitoneal (IP) injection of label as an alternative to injection into the
intestinal musculature (IM), by comparing the retrograde labelling characteristics of DRG
and NG after IM and IP injections of CTB488 and CTB594. Injection of CTB488 IM
labelled DRG neurons from T2-L1, with 61% of neurons labelled between T10-T13
(Fig.1A). In comparison, IP injection of CTB594 labelled DRG neurons over a slightly
larger range, from T1-L4, but with 50% of neurons labelled still located between T10-
T13 (Fig.1B). Figs. 1C and 1D show that every neuron labelled following IM injection of
CTB488 was co-labelled by IP injection of CTB594. Figs 1A and 1B also show that the
total number of T10-T13 DRG neurons labelled following IM injection was 37 + 12
ganglion cells, which was only 6.4 % of the neurons labelled following IP injection (580
+ 132 ganglion cells). There was also a similar percentage (8.2 %) of nodose neurons
labelled with IM injection compared to IP injection (32 = 18 vs. 398 + 62 neurons
respectively). There was no significant difference between the number of NG and DRG
neurons labelled by IM injection (p=0.55). Similarly there was no significant difference
between the number of NG and DRG neurons labelled by IP injection (p=0.15). Table 6
shows the numbers of fluorescent T10-T13 neurons counted in squash preparations
labelled after IP injection, along with the percentage of fluorescent neurons as determined
in cryostat sections. All four levels of dorsal root ganglia produced similar results, with
<3% of the neurons being labelled following IP injection. By extrapolation, the total
numbers of neurons per ganglion were estimated to be in the region of 7,000 to 9,000.

In conclusion, since IM injections only cover a limited section of the GI tract and IP label

injection may avoid any alterations in neuronal expression and/or function that may occur
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following the surgery necessary for IM label injection, IP injection of CTB was used to

label DRG and NG for subsequent microarray studies.

Full Legend for Figure 1
Figure 1: CTXB labelling of sensory neurons. A —Bar graph shows the mean number of

neurons (n = 4-6 experiments) labelled by IM injection in DRGs, and nodose neurons. B
— Bar graph showing the same data as A except following an IP injection. C&D - All
neurons that are labelled by IP injection are co-labelled by IM injection. An example of a
squash preparations of the same DRG illuminated through a FITC filter (C — IM injection
with CTB Green 488) and a Cy3 filter (D — IP injection with CTB Red 594). More
neurons are labelled by IP injection than by IM injection. However, all of the fluorescent

neurons that are labelled by IM injection (arrows) are also labelled by IP injection.

Table 6

Parameter T10 T11 T2 Ti3

% Fluo. Cells 2.7+0.7 2.5+0.5 2.9+0.8 3.0+£0.4
Mean # Fluo. Cells 194+34.4  225+30.9 233+27.4  252+15.9
# Neurons per Ganglion | 7266 9066 8084 8508
Example 2

Mouse model of irritable bowel syndrome (IBS)

A conceptual mouse model of IBS was set up by combining infection and exposure to
stress. Transient jejunitis was induced in Balb/c mice by infection with Nippostrongylus
brasiliensis (Nb) larvae in PBS. Sham animals were injected with PBS only. Different
levels of stress were obtained by combination of all of the following factors concerning
housing of the animals; number of animals per cage, presence/absence of tubes and
gauze, method of handling (Table 5). Combination of stress and infection resulted in four
groups of animals including sham/non-stressed (Sh/NS), infected/non-stressed (I/NS),
sham/stressed (Sh/S) and infected/stressed (I/S) animals. Although considered as a mild
stressor, Figs 2A and 2B shows that the differences in housing conditions resulted in

pronounced differences in stress hormone levels after five weeks in different
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environments as indicated by plasma corticosterone levels. In agreement with
observations in the rat, Figs 3B and 4 show that both serum IgE levels and mast cell
counts were elevated in mice after Nb infection when compared to non infected mice. Fig
5 shows that three to six weeks after the infection all signs of acute inflammation
disappeared: the epithelium is no longer regenerative; the lamina propria is no longer
hypercellular nor oedematous; neutrophils are not evident; and the muscularis propria has

returned to normal thickness. All further experiments were performed after day 21.

Full Figure Legends for Figures 2 to S

Figures 2A and 2B: Mice were housed under stressed or non stressed conditions for 5
weeks. After two weeks animals were infected with Nippostrongylus brasiliensis or sham
infected with vehicle. Plasma corticosterone levels were measured by ELISA. Data are
expressed in ng/ml = SEM. (A). Mean plasma corticosterone levels for each of the four
experimental groups: SS — stressed sham; SI- stressed infected; NSS- non-stressed sham;
NSI- non-stressed infected. Using a general linear model (GLM), there was no
significant difference between sham vs. infected, but there was an elevation on
corticosterone levels in stressed vs. non-stressed animals. (B) Averaged data pooling the
two stressed populations vs. the two non- stressed population. There was an increase in

stressed vs. non-stressed animals.

Figure 3A Serum IgE levels in pg/ml (mean + SEM) in four different experimental
groups as indicated. All animals were kept in the appropriate housing conditions for 5
weeks prior to measurements being taken. IgE levels were measured using ELISA 21
days after s.c. infection with either sham or 500 L3 Nb larvae. IgE levels were only

increased in Nb infected animals.

Figures 3B and 4: Serum IgE levels in pg/ml (3) and mast cell counts (4) at different
times post-infection. Mice were infected with Nippostrongylus brasiliensis (INF) or
sham infected (CTRL). IgE levels were detectable 2 weeks after infection, peaked at
week 3-4 and remained elevated 12 weeks post-infection. Mast cell numbers increased at

week 1; peaked at week 2 and returned to near normal levels at week 12 post-infection.
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Figure 5: Histological time course of mouse jejunum with Nb infection. Mice were
infected sub-cutaneously on day 0 with 500 stage L3 larvae of Nippostrongylus
brasiliensis after a two week assimilation period. Jejunum was collected on day 0, 7 and
21 days post infection. Tissue was fixed in formalin and stained with hematoxylin/eosin.
Severity of inflammation was determined and expressed on different color intensity scale.
Inflammation peaked at day 7 and returned to normal on day 21. Histological photographs

of the representative time points are presented below the time scale.

Example 3

Persistent alterations in neuron excitability in mice infected with Nb

In order to study changes in electrophysiological properties, patch clamp recordings were
performed on isolated NG and DRG neurons after stress exposure and Nb infection. NG
were harvested on day 20-24 post infection, i.e., after histological and biochemical signs
of acute gut inflammation are gone. Dispersed ganglion cells were plated on coverslips
and incubated for 4-24 hr before mounting for patch clamp recording, using physiological
extracellular saline and a K*-rich intracellular saline. Visceral DRG and NG neurons were
identified by retrograde transport of a labelled cholera toxin subunit (Alexa Fluor-488-
CTB), which had been injected IP, 3 to 8 days prior to sacrifice.

For DRG neurons recordings were made from small neurons (whole cell C<40 pF,
91 neurons in total), which consistently showed a hump during spike repolarization.
Spike shape and amplitude was not altered by Nb infection. Fig 6 shows that overall DRG
neurons (n=55) derived from Nb infected animals had a lower resting conductance (88, 64
cf. 139, 132 pS/pF; median, IQR, P<0.001) than those (n=36) derived from sham infected
animals, but Vi did not differ (-50 cf. -51 mV). Fig 7 shows that Rheobase was lower
(1.1, 2.1 cf. 2.2, 4.5 pA/pF, P<.001) in Nb mice. Fig 8 shows that action potential
number evoked during 500 ms at 2x theobase was increased from 2,210 5, 8, P<0.0001)
in Nb infected. Action potentials recorded from sham neurons were followed by a slow
(0.2-1 s duration) afterhyperpolarization (sSAHP) with maximal amplitude of 5, 3 mV. The
sAHP amplitude was greatly reduced in neurons taken from Nb mice (0.2, 0.4 mV,
P<0.001) (Fig. 9).
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With respect to NG neurons, electrophysiological recordings were made from 31
neurons (17 sham vs. 14 infected) with a mean capacitance of 33.2 & 3.8 pF. Resting
conductance was also decreased with Nb infection as shown in Fig. 10, (sham 240.1 + 42,
infected 141.3 £ 23.6 pS/pF, p=0.058) but there was no change in the resting membrane
potential. Fig 11 shows that the number of action potentials evoked during a 500 ms
pulse at 2x theobase was increased from 1.8+ 0.4 to 7.7 & 1.7 (p=0.004) with Nb
infection. Fig 12 shows that action potential half-width was decreased from 1.1 £ 0.1to
0.7 + 0.1 ms (p=0.01) in Nb infected neurons. Fig 13 shows that Rheobase was decreased
in Nb neurons but was not significantly different (sham 5.2 £ 2.1, infected 2.7+ 1.2
pA/pF, p=0.31). Taken together these data clearly demonstrate that a mild, transient,
intestinal inflammatory episode can lead to long term excitability (LTE) in both DRG and

NG neurons, persisting for weeks after resolution of the gut inflammation.

Full Figure Legends for Figures 6 to 13

Figure 6: A scatterplot of the normalized resting conductance levels of sham and Nb
infected DRG neuron populations. The conductance of each neuron under resting
conditions at the beginning of each experiment is measured and divided by the
capacitance of the cell in order to normalize the conductance level to cell size. Using a
Mann-Whitney test, there is a significant reduction in the resting conductance of Nb

infected neurons. Mean data is expressed as median + interquartile range.

Figure 7: DRG neuron rheobase is decreased in Nb infected cells. The top half of this
figure shows example traces of theobase measurements in individual sham and Nb
infected DRG neurons. The blue bars indicate increasing amounts of current injected into
the cells, with the amount of current necessary to elicit an action potential (AP)
highlighted. The green and red traces show the resulting membrane potential trace of
sham and infected neurons respectively. In these particular examples, an AP was elicited
at 44pA in the sham neuron and at 8pA in the infected neuron. The scatterplot below
shows the entire population data normalized to cell capacitance. There is a significant

decrease in the rtheobase of Nb infected neurons.
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Figure 8: DRG excitability is increased in Nb infected neurons. The top half of this
figure shows example traces of sham and Nb infected DRG neurons in response to a
current injection equivalent to 2x rheobase. The blue bars indicate the amount of current
injected into each cells, whilst the green and red traces show the resulting number of APs
fired in sham and infected neurons respectively. In these particular examples, 2 APs were
elicited in the sham neuron and 7 APs evoked in the infected neuron. The scatterplot
below shows the entire population data. There is a significant increase in the number of

APs evoked at 2x rheobase of Nb infected neurons.

Figure 9: sSAHP amplitude is decreased in Nb infected neurons. The top half of this
figure shows example traces of the SAHP elicited after a burst of APs in sham and Nb
infected DRG neurons. The scatterplot below shows the entire population data. There is

a significant decrease in the SAHP amplitude in Nb infected neurons.

Figure 10: Scatterplots of the resting conductance levels of sham and Nb infected nodose
neurons. The conductance of each neuron under resting conditions at the beginning of
each experiment is measured and plotted on the left. This data is then normalized by
dividing by the capacitance of the cell as plotted on the right. Once normalized, the
resting conductance of Nb infected neurons is shown to be decreased compared to sham,

but this fall just outside of statistical significance.

Figure 11: Nodose neuron excitability is increased in Nb infected neurons. The top half
of this figure shows example traces of sham and Nb infected DRG neurons in response to
a current injection equivalent to 2x rheobase. In these particular examples, 2 APs were
elicited in the sham neuron and 7 APs evoked in the infected neuron. The scatterplot
below shows the entire population data. There is a significant increase in the number of

APs evoked at 2x rheobase of Nb infected neurons.

Figure 12: Action potential shape parameters are altered in nodose neurons by Nb
infection. These scatterplots demonstrate an increase (not statistically significant) in the
antipeak amplitude of the AP (equivalent to the fast afterhyperpolarization), with a
decrease in both the AP half-width and the AP maximum decay slope following Nb
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infection. The decreases in half width and decay slope are indicative of faster APs

lacking a hump on the downward slope of the AP.

Figure 13: Nodose neuron rheobase is not significantly altered by Nb infection. The
rtheobase of each neuron is measured and plotted on the left. This data is then normalized
by dividing by the capacitance of the cell as plotted on the right. Once normalized,
although there is a slight decrease, there is no significant difference in the rheobase of Nb

infected neurons.

Example 4

Gene expression profiling of nodose and dorsal root ganglia

Taking into account that only 3% of the neurons in DRG and NG project to the abdominal
viscera, laser capture rﬁicrodissection was applied to isolate these specific neurons out of
the entire ganglion. In this way visceral afferent specific gene expression profiles in DRG
and NG were identified in Sb/NS, I/NS, Sh/S and I/S mice..

(1) Gene expression profiles of visceral sensory neurons in dorsal root ganglia:

RNA extracted from laser captured DRG neurons was amplified and hybridised to MG-
430V2.0 whole genome arrays interrogating expression levels of 39,000 gene transcripts
simultaneously. Figure 14 shows a graphical exploration of microarray data using spectral
map analysis (SPM). As can be seen from the overlapping nature of the quadrants this
revealed no differences in gene expression between the four studies groups. In order to
identify individual genes that could be differentially expressed, Significance Analysis of
Microarray data (SAM, g-value <0.1) and fold-difference filtering were applied (>1,5
fold difference). However, in agreement with SPM results no significantly differentially
expressed genes were identified.

(2) Gene expression profiles of visceral sensory neurons in nodose ganglia:

Laser captured material from NG was hybridised to MG-430V2.0 arrays. Spectral map
analysis on the expression of 28,920 reliably detected genes as can be seen in Fig 15
showed a clear difference between Sh/NS and I/S, whereas overall expression profile of
the Sh/S and the I/NS are in the transition zone between the two outer groups. Spectral

map analysis revealed 2571 genes of which the expression profile contributes to the
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difference between Sh/NS vs I/S. Combining those with genes that are identified by SAM
(q<0.1) and fold-difference filtering (>1.5 fold difference) lead to the identification of
1994 genes, as represented in Fig 16 that are significantly differently expressed after Nb
infection, 1377 of which were increased and 617 were decreased. Altered NG genes
included 19 G-protein coupled receptors, 23 ion channel genes, 80 kinases, and 118 other
receptor-related genes. '

Unexpectedly these data indicate that changes in gene expression are observed in
NG rather than DRG neurons in an animal model for IBS. This strongly suggests that |

molecular changes at the level of the vagus could underlie symptoms observed in IBS.

Full Figsure Legends for Figures 14, 15 and 16
Figure 14 - DRG SPM

Panel A: First two principal components (PC) of the weighted Spectral map analysis
(SPM) applied on normalized microarray data for gene expression profiles of DRG
neurons in all four animal groups (Sh/NS, /NS, SH/S and IS). On the spectral map
squares depict different samples whereas circles depict genes (size of circle correspond to
intensity). Distances between squares are a measure for similarity between samples. A
positive association of a gene with a given sample (i.e. an upregulation of that gene in that
particular sample) results in the positioning of the gene and sample on a common line
through the centroid (depicted by a cross). Genes contributing significantly (measured by
their distance form the centroid) to difference between samples are annotated with their
Affymetrix identifier (www.affymetrix.com/analysis/netaffx). Only the first two principle
components are plotted against each other, together explaining 27% of the variance in the
data. As indicated by the coloured lines, no separation between the groups is observed
indicating no differences in overall gene expression pattern is presented at the level of
visceral DRG neurons.

Panel B: Distribution of the samples over the different principal components in the
spectral map analysis showing that none of the principal components differentiates the
groups. The percentages of variance explained by each component are indicated at the

bottom of the graph.
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Figure 15 - NG SPM: Spectral map biplot of gene expression profiles of DRG neurons in
all four animal groups (SW/NS, NS, SH/S and IS). Only the first two principle
components are plotted against each other, together explaining 32% of the variance in the
data. As indicated by the coloured lines and the dotted line, a clear separation between the
Sh/NS and the I/S groups is observed indicating a clear differences in overall gene
expression pattern is presented at the level of visceral NG neurons. Indicated by the
shaded area are the 2571 genes contributing the most to this overall difference in

expression profile.

Figure 16 - NG SPM-SAM-FC: Venn diagrams summarizing the number of genes
identified by spectral map analysis (SPM), significance analyis (SAM) and fold
difference filtering (FD). The selection of 1996 genes was based on the fulfilment of at

least two of the three criteria mentioned above.

Example 5
Changes in VR1, CCK,, SST; and 5-HT34

Figs 17 to 20 show that both the vanilloid receptor VR1 (7rpvI) and cholecystokinin
receptor A (Cckar) were upregulated in Nb infected NG neurons, whilst serotonin
receptor 3A (Hitr3a) and somatostatin 2 receptor (Sstr2) were downregulated. It is also
noted that the effect of Nb infection alone on expression level of these genes was
enhanced in infected stress-exposed animals. Changes in mRNA levels measured on the
arrays were confirmed using quantitative PCR. Fig 17B shows that expression of Trpvl
mRNA was significantly increased in infected/stressed animals when compared to
sham/non stressed. Fig 19B shows expression levels for SST; receptor in infected and
non infected DRG and NG neurons from the same animal as assessed by quantitative
PCR. It can be seen that there is no significant change in expression between infected
and non infected neurons in DRG neurons, whereas, a significant decrease in expression
is seen in NG neurons of infected / stressed animals when compared to non infected / non
stressed animals.

In respect to the vanilloid receptor VR1 (encoded by TrpvI) Fig 20A and B show

that increased mRNA levels were confirmed at the protein level using
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immunohistochemical staining of NG sections . In addition the lack of differences at the
level of DRG neurons was confirmed with no difference in immunoreactivity in infected

versus sham neurons.

Full Figure Legends for Figures 17 to 20
Figure 17 - NG TRPV1
Panel A: Signal intensities of Vanilloid Receptor 1 (Trpvl) mRNA levels as measured on

the arrays. As indicated levels in DRG neurons did not differ whereas there was an
obvious increase in expression level observed in NG neurons in infected stressed (I/S)
animals compared to sham non stressed animals (Sh/NS).

Panel B: Expression levels for Trpv1 as assessed by quantitative PCR. A significant
increase in Trpvl mRNA levels was confirmed in infected stressed (I/S) animals

compared to sham non stressed animals (Sh/NS).

Figure 18 - NG 5SHT CCKA

Panel A: Signal intensities of the SHT34 receptor mRNA levels as measured on the
arrays. Each dot represents expression level in a single animal. As indicated levels in
DRG neurons did not differ whereas there was an obvious decrease in expression level
observed in NG neurons in infected stressed (I/S) animals compared to sham non stressed
animals (Sh/NS).

Panel B: Expression levels for CCKy receptor. An increase in CCKa receptor mRNA
levels was observed in infected stressed (I/S) animals compared to sham non stressed
animals (Sh/NS).

Figure 19 - NG SST2

Panel A: Signal intensities of SST receptor (Sst2r) mRNA levels as measured on the
arrays. As indicated there was an obvious decrease in expression level observed in NG
neurons in infected stressed (I/S) animals compared to sham non stressed animals
(Sh/NS).

Panel B: Expression levels for SST; receptor (Sst2r) mRNA as assessed by quantitative
PCR. A significant decrease in SST, mRNA levels was confirmed in infected stressed
(I/S) animals compared to sham non stressed animals (Sh/NS) whereas no difference

could be detected in DRG neurons of the same animals.
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Figure 20 - NG TRPV1 quantitative immunohistochemistry

Panel A: Representative images of Vanilloid Receptor 1 (VR1, Trpv1) immunoreactivity
observed in sections of DRG an NG ganglia of infected and sham animals.

Panel B: Quantitation of VR1 immunoreactivity. A significant increase in
immunoreactivity was observed in NG after in infection, confirming array and

quantitative PCR data.

Example 6

Changes in pressor-depressor response in Nb infected mice

In order to measure visceral hypersensitivity in Nb infected mice changes in arterial blood
pressure were recorded during phasic distention of both the jejunum and the colon. Figure
21 illustrates the increase in blood pressure (pressor respoﬁse) to jejunal distension of
sham non-stressed vs. infected stressed mice at 21 days post Nb infection. The pressor
response is increased in infected animals when compared to sham: a 2-way ANOVA
demonstrates that there is a significant increase in the overall response profile with
infection (p=0.0019). Figure 22 illustrates the pressor response to colonic distension of
sham non-stressed vs. infected stressed mice at 21 days post Nb infection. The pressor
response is increased in infected animals when compared to sham: a 2-way ANOVA
demonstrates that there is a significant increase in the overall response profile with
infection (p<0.0001).

Tt has been shown that a mild, transient, intestinal inflammatory episode inflicted
by Nb can lead to long term excitability (LTE) in both DRG and NG neurons, persisting
for weeks after resolution of the gut inflammation. However, at the molecular level,
changes in mRNA and protein level were only observed in NG sensory neurons. Blood
pressure recordings confirmed that LTE resulted in visceral hypersensitivity in mice post
Nb infection. It is to be expected that these changes can be reversed by treating with
modulators of molecules shown to be altered in vagal afferents. This data demonstrates a
new and powerful model of sensory neuron plasticity that may be applied to the study of

visceral pain. Moreover strong evidence is provided that vagal afferents are the major
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targets mediating visceral hypersensitivity and thus constitute an important target for the
treatment of IBS.

Further work undertaken by the inventors on jejunal mechanosensitivity using balloon
ramp distension to 60mmHg has suggested that although there was a difference in initial
studies, in repeated studies there was no difference. Therefore, any jejunal

mechanosensitivty is inconsistent and a reason for this variability has yet to be elucidated

Full Figure Legends for Figures 21 and 22

Figure 21 -PR in jejunum: Effect of jejunal phasic distension on pressor responses in
Sham vs. Day 21 Post Nb infection animals. Number of animals in each group is

indicated between brackets.

Figure 22 -PR in colon: Effect of colonic phasic distension on pressor responses in Sham
vs. Day 21 Post Nb infection animals. Number of animals in each group is indicated

between brackets.

Example 7

Compound Testing

The compound octreotide was tested in the non-human animal screen of the invention as
follows:

Nodose neurons were dissociated and cultured in preparation for patch clamp
experiments as has been described elsewhere. These nodose neurons were either obtained
from Balb/c mice 21 days after infection with Nb or from sham mice, thus enabling a
comparison of the effects of octreotide on both sham and Nb-infected nodose neurons.

Octreotide (1pM) was applied to individual neurons via a fast perfusion system.
Octreotide’s effects were recorded on the cell’s resting membrane potential (RMP) and
the number of action potentials fired at 2x rheobase of each neuron.

Electrophysiological recordings were obtained in total from 30 sham neurons and
37 infected neurons. Of these, recordings were sustained during octreotide application in

27 sham neurons and 25 infected neurons. Octreotide had no significant effect on the
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RMP of either sham neurons (control: -57.6 + 1.8 mV; octreotide: -54.7 + 2.1 mV) or
infected neurons (control: -51.6 & 1.7 mV; octreotide: -51.7 +2.1 mV).

The number of action potentials evoked by a 2x rheobase current stimulus was
significantly increased in infected neurons when compared to sham neurons. Octreotide
reduced the number of action potentials at 2x rheobase in both sham and infected nodose
neurons. Hence octreotide reduced neuronal excitability in both sham and infected
neurons. These results suggest that the hyperexcitability observed in infected nodose
neurons can be normalized by octreotide treatment.

" The data confirming these results is shown in Figures 23 and 24.

Full Figure Legends for Figures 23 and 24

Figure 23 shows the effects of 1uM octreotide on evoked action potential
discharge in sham and infected neurons. In control conditions in the presence of Krebs, a
current that is 2x the rheobase of the neuron evokes 2 action potentials in a sham nodose
neuron and 9 action potentials in an infected nodose neuron. After addition of 1pM
octreotide, the number of action potentials evoked is reduced in both sham neurons ¢!
action potential) and infected (2 action potentials) neurons..

Figure 24 shows the mean effects of 1uM octreotide on evoked action potential
discharge in sham and infected neurons. Infection significantly increases the number of
action potentials evoked at 2x rheobase in nodose neurons. Addition of octreotide
reduces the number of action potentials in both sham and infected neurons. There isno

significant difference between the effect of octreotide on sham and infected neurons.

Example 8

Investigation of chemical hypersensitrivity

In light of the conclusion that there is no consistent change in the mechanosensitivity of
the jejunum following Nb infection, further work was undertaken to investigate if there is

any change in the chemical sensitivity.

Balb/c mice were injected subcutaneously with 500 L3 Nb larvae in PBS, or with PBS

only (shams). Experiments were performed 3-4 weeks post-infection. Mesenteric afferent
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recordings were obtained from isoflurane anaesthetized mice using conventional
extracellular recording techniques. A Scm section of the jejunum was intubated to allow
continuous intraluminal perfusion (0.15 ml/min) of either 0.9% saline or 50mM
hydrochloric acid (HCI). Jejunal afferent nerve activity and intraluminal pressure (IP) was
recorded in response to a 2.5 min HCI application (at time 0s). Baseline activity (-100 to
0s), acute acid response (50 to 110 s) and prolonged acid response (410 to 560 s) were

measured and compared between sham and Nb infected mice.

As shown in Figures 25 & 26, The experiments showed that in response to HCI perfusion
there was an acute nerve response that peaked after 120 = 14.9 s after the response onset,
with no significant change in IP. As this response gradually decreased over ~10 mins,
there was a concomitant increase in IP. Afferent nerve activity and IP never returned to
pre-HCI exposure levels. There was no significant difference between baseline nerve
activity in sham and Nb infected animals, but there was a significantly hi gher baseline IP
in infected mice. The acute nerve response following HCI infusion was not significantly
different between sham and infected mice. However, in the prolonged response period
there was a significant increase in the nerve activity in infected animals. In addition there
was a significantly greater prolonged increase in (IP) in Nb infected animals. Although it
is possible that the increased IP may contribute to the increésed prolonged nerve response

in Nb infected mice, there was no significant direct correlation between the two measures.

The results indicate that Nb infection leads to an increased intestinal chemical sensitivity.
Jejunal acidification elicits an acute nerve response which was similar in sham and
infected groups and had no associated IP changes. This is followed by a prolonged nerve
response that was significantly greater in infected groups than sham groups, and an

uncorrelated prolonged IP response that was only clearly present in infected groups.

It is to be expected that these changes can be reversed by treating with modulators of
molecules shown to be altered in vagal afferents. This data demonstrates a new and

powerful model of sensory neuron plasticity that may be applied to the study of visceral
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pain. Moreover strong evidence is provided that vagal afferents are the major targets
mediating visceral hypersensitivity and thus constitute an important target for the

treatment of IBS.

Full Figure Legends for Figures 25 and 26

Figure 25 — Timecourse response to intraluminal administration of 50 mM HCIL. A -
Mesenteric afferent response to 50 mM HCL. Upon exposure of the nerves to acid
(marked by 1) there is a rapid increase in afferent activity that peaks after 120 + 14.9s
and gradually decrease after this point, but never returns to spontaneous nerve activity
levels. The afferent response in infected animals (n = 28) is larger (2-way ANOVA,
p<0.001) than that recorded in sham animals (n=28). B — Intraluminal pressure response
to 50 mM HCl. Both the resting IP and the response to acid were greater (2-way
ANOVA, p<0.001) in infected animals (n = 28) than in sham animals (n=28).

Figure 26 — Response to intraluminal administration of 50 mM HCI. A —Increase over
baseline in the acute (1-2 min post-acid) and prolonged (7-10 min post-acid) phases of the
afferent response to acid. There was a significant increase in the prolonged afferent
response to acid. B - Increase over baseline in the acute (1-2 min post-acid) and
prolonged (7-10 min post-acid) phases of the IP response to acid. There was a significant

increase in the prolonged IP response to acid.
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CLAIMS

1. A method of identifying a compound capable of reducing or preventing prolonged
sensory neuron hyper-excitability comprising the steps of:

(2) administering the compound to an experimental non-human animal having
prolonged sensory neuron hyper-excitability;

(b) generating an expression profile of the genes modulated in the Nodose Ganglia
(NG) of the animal of step (a);

(c) comparing the expression profile obtained in (b) with the expression profile of
a corresponding panel of genes expressed in the NG of an experimental non-human
animal having no prolonged sensory neuron hyper-excitability;

wherein a positive correlation of the expression profiles is indicative that the
compound is capable of reducing or preventing prolonged sensory neuron hyper-

excitability in NG.

2. The method according to claim 1, wherein the modulated NG genes whose
expression is to be compared comprise at least one gene selected from the group

consisting of those genes listed in Table 1.

3. The method according to claim 1 or 2, wherein the modulated NG genes whose
expression is to be compared comprise at least one gene selected from the group

consisting the genes listed in Table 2.

4, The method according to any one of claims 1 to 3, wherein the modulated genes

expressed in the NG are compared at the nucleic acid level.

5. The method according to any one of claims 1 to 4, wherein the modulated NG
genes whose expression is to be compared comprise at least the vanilloid receptor VR1
(Trpvl), cholecystokinin receptor A (Cckar), serotonin receptor 3A (Htr3a) and

somatostatin 2 receptor (Sstr2).
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6. The method according to any preceding claim, wherein the method comprises
comparing the expression of a panel of at least 40 genes selected from the group

consisting of those genes listed in Table 1.

7. The method according to any preceding claim, wherein the method comprises
comparing the expression of a panel of at least 51 genes comprising those genes listed in
Table 2.

8. The method according to any preceding claim, wherein the expression profile of

the NG genes is assessed at the transcript level or at the protein level.

0. The method according to claim 8 wherein the expression profile of the NG genes

is assessed at the mRNA level.

10. A method according to any preceding claim, wherein at least 1 probe which

hybridises to the NG modulated gene expression product is affixed to a solid support.
11.  The method according to claim 10 wherein the probes are in an arrayed form.

12. A microarray comprising at least 1 nucleic acid probe immobilised on a solid
support capable of hybridizing with the expression product of a gene modulated in NG

neurons having prolonged sensory neuron hyper-excitability

13.  The microarray according to claim 12 comprising at least 40 nucleic acid probes
capable of hybridizing to sequences selected from the group consisting of nucleic acid

sequences representing genes from Table 1.

14.  The microarray according to claim 12 comprising at least 40 nucleic acid probes
capable of hybridizing to sequences selected from the group consisting of nucleic acid

sequences representing genes from Table 2.
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15. A method according to claim 1, wherein the experimental non-human animal is a

rodent.
16. A method according to claim 15, wherein the rodent is a mouse.

17.  The method according to claims 15 or 16, wherein the rodent is previously
infected with a parasitic helminth selected from Table 3, in particular infected with

Nippostrongylus brasiliensis.

18. A method of treating a subject with a disease condition related to prolonged
sensory neuron hyper-excitability, comprising administering to a subject an effective

amount of an agent that modulates NG sensory neuron activity.

19.  The method according to claim 18, wherein the agent administered to the subject
is an agent that modulates the expression or activity of one or more genes products

selected from the group encoded by those genes listed in Table 1.

20.  The method according to claim 18 or 19, wherein the agent modulates the
expression or activity of one or more gene products selected from the group encoded by

those genes listed in Table 2.

21.  The method according to claim 18 or 19 wherein the agent modulates the
expression or activity of one or more receptors selected from the group consisting of the
vanilloid receptor VR1 (TrpvI), cholecystokinin receptor A (Cckar), serotonin receptor

3A (Htr3a) and somatostatin 2 receptor (Ss#r2).

22.  The method according to any one of claims 18 to 21, wherein the disease
condition associated with prolonged sensory neuron hyper-excitability isa

gastrointestinal (GI) tract disorder or stress-related disorder.

23.  The method according to claim 22, wherein the disease is a bowel disorder,

selected from the group consisting of, ulcerative colitis, Crohn's disease, ileitis, proctitis,
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celiacdisease, enteropathy associated with arthropathies, microscopic or collagenous
colitis, eosinophilic gastroenteritis or pouchitis resulting after proctocolectomy ,post
ileoanal anastomosis, functional dyspepsia, functional vomiting, oesophagitis, gastric

ulcer, duodenal ulcer, irritable bowel syndrome or depression.

24.  The method according to claim 22 or 23, wherein the disease is irritable bowel

syndrome.

25. A pharmaceutical composition for the treatment of a disease or disorder related to
prolonged sensory neuron hyper-excitability comprising a compound identified by the

method of claim 1 and at least one pharmaceutically acceptable diluent or excipient.

26.  Use of a compound identified by the method of claim 1 in the manufacture of a
medicament for the treatment of a disease or disorder related to prolonged sensory neuron

hyper-excitability.

27.  The use of claim 26, wherein disease or disorder related to prolonged sensory

neuron hyper-excitability is a GI tract disorder or stress-related disorder.

28. The use of claim 26 or 27, wherein the disorder comprises a bowel disorder,
selected from the group comprising, ulcerative colitis, Crohn's disease, ileitis, proctitis,
celiacdisease, enteropathy associated with arthropathies, microscopic or collagenous
colitis, eosinophilic gastroenteritis or pouchitis resulting after proctocolectomy, post
ileoanal anastomosis, functional dyspepsia, functional vomiting, oesophagitis, gastric

ulcer, duodenal ulcer, irritable bowel syndrome or depression.

29.  The use of any one of claims 26 to 28, wherein the disorder is irritable bowel

syndrome

30. A method of making a pharmaceutical composition for the treatment of a disease
or disorder related to prolonged sensory neuron hyper-excitability, comprising combining

a compound identified according to the method of claim 1 or having the modulating
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activity as defined in claim 19 or 20 together with a pharmaceutically acceptable diluent

or excipient..

31. A method for identifying a compound capable of reducing or preventing
prolonged sensory neuron hyper-excitability comprising the steps of:

(2) administering the compound to a test cell population;

(b) generating an expression profile of the prolonged sensory neuron hyper-
excitability modulated genes in the cell population of step (a);

(c) comparing the expression profile obtained in (b) with the expression profile of
the prolonged sensory neuron hyper-excitability modulated genes in a reference cell
population;

wherein a positive correlation of the expression profiles is indicative that the
compound is capable of reducing or preventing prolonged sensory neuron hyper-

excitability in NG.

32, A method according to claim 31, wherein the test cell population is derived from

the NG of an experimental non-human animal according to claim 17.

33. A method according to claim 31 wherein the reference cell population is derived
from NG of an experimental non-human animal not having prolonged sensory neuron

hyper-excitability.

34. A method for identifying a compound capable of reducing or preventing
prolonged sensory neuron hyper-excitability comprising the steps of:

(a) administering the compound to NG having prolonged sensory neuron hyper-
excitability; and

(b) determining the effect of said compound on the NG sensory neuron activity of

said cells.

35. A method according to claim 34, wherein the NG are derived from the NG of an

experimental non-human animal according to claim 17.
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36. A method according to claim 34, wherein the activity of the NG is assessed using

electrophysiological or fluorometric or other techniques.

37.  Use of antisense nucleotides or gene silencing to validate as pharmaceutical
targets any one or more of the genes shown in Table 1 in the treatment of a G.I. tract

disorders or stress-related disorders.
38.  The use according to claim 37 wherein, the gene silencing technique is siRNA.

39. The use as claimed in claim 37 or 38 wherein, the disorders are as defined in

claim 23.

40. A method for identifying a compound capable of reducing or preventing
prolonged sensory neuron hyper-excitability comprising the steps of:

(a) administering the compound to an experimental non-human animal having
prolonged sensory neuron hyper-excitability; and

(b) determining the effect of said compound in a nociceptive assay.

41. A method according to claim 40, wherein said nociceptive assay is a visceral

nociceptive assay.

42. A method according to claim 40, wherein said nociceptive assay is a somatic

nociceptive assay.

43. A method according to any one of claims 40 to 42, wherein the exeprimental non-
human animal having prolonged sensory neuron hyper-excitability is a rodent previously
infected with a parasitic helminth selected from Table 3, in particular infected with

Nippostrongylus brasiliensis.

44, A method according to claim 34, wherein the nociceptive assay is the pressor-

depressor model.

613214; SCB; LP
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FIG 25
A: Afferent Nerve Activity

1.
7
3.
3
2

<

& 604 -3 IT%E
S 504 LITLLLL

- 30- Ml T

1] ¥ ¥ 1] L] i 1]
0 100 200 300 400 500 600
Time (sec)

HGI 50mM

B: Intraluminal Pressure

i INF

b o

11
I

3

I
1 y

]
L

o

P

Intestinal pressure (mmHg)

(2

¥ 12 ] LN L) L]
¢ 100 200 300 400 500 600
Time (sec)

HC1 50mM



WO 2006/085065 PCT/GB2006/000435

26/26

FIG 26

A: Afferent Nerve Activity B: Intraluminal Pressure
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