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Abstract

This study was designed to identify the processes which underlie psgymptomatic diverticular
disease (SDD). Our hypothesis was that a spectrum of both gralipind central pathologies were
involved, with those that had a more peripheral problem having dbdbsymptoms only while
those with multiple symptoms throughout the body, having an alterechtpain processing. The
first study examining the brain response to cutaneous pain figictjonal magnetic resonance
imaging (fMRI) has supported this hypothesis. Although a statistisalyificant difference in
sensory pain threshold was not demonstrated between the diM&bsmaging has shown greater
emotional processing during pain and reduced anticipatory inhibiesgonses in the high
somatising symptomatic diverticular disease (HSDD) groups. Howeves thig &s clear cut as we
had anticipated which may be due to subject selection and demonstrate anmspEctrixed

peripheral and central changes as well as those with only peripheral af centponents.

In the second part we performed a randomized placebo controlled $todsalazine 3gm versus
placebo. Mesalazine significantly reduced expression of many genesates$avith inflammation
in SDD patients. A reduction in the median number of hours of paiwgek was seen. The study
was not designed to allow intention to treat analysis but has shownsprgmesults which will

need to be consolidated with future large scale studies.

Both these studies support a tailored approach to SDD patient treatment baksedunderlying
pain process which can be both central and peripheral. The Patient hezdtrortpaire 2
(PHQ12) may be one simple measure of doing this, but again nebdsctinfirmed with further

larger studies.
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Chapter 1: Introduction

1.1 Definition and Incidence

Colonic diverticulosis is the most common structural abnormality ef ¢blon, yet our
understanding of it is rudimentary. It affects 5% of people in tHedlégade and up to 66% of the
elderly population in the United Kingdom. It is responsible for suliatamorbidity with 68,000

hospital admissions recorded per year in the UK and it contributes to aboditd&aths.

The definitions of diverticulosis and diverticular disease were establisliethe European

Association for Endoscopic Surgery consensus development meetin@on 19

“Colonic diverticular disease is a condition seen mostly in the sigmoid regignchiaracterized
structurally by mucosal herniation through the colonic wall, generatigrapanied by muscular
thickening, elastosis of the taenia coli, and mucosal folding. This conditgnbe asymptomatic
(diverticulosig or associated with “symptoms,” termed diverticular disease, which may be
complicated or uncomplicated. The term diverticulitis is used to indicate supdradihmmation
involving the bowel wall. Other pathologic complications include perforatistyld, obstruction,

and bleeding.”

Studies using national databases of hospital admissions suggest its incidéoceanglications
are increasiny’. A recent study from the United States reported a 26% increase in adrfission
acute diverticulitis between 1998 and 2005. The rise in admission rategmatest in younger
patients e.g. 45-64years and 18-44 yedrsthe 2004 National Hospital Discharge Survey in the
United States America (USA), diverticular disease was responsible for 312/08Giads and 1.5
million days of hospital careat a cost of 2.6 billion US dollars per y&aFhis makes diverticular
disease the"™smost costly gastrointestinal condition in the USA after gastro-oesephagflux

disease, gallbladder disease, colorectal cancer and peptic ulcer di$asehanging burden and
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complications of disease, changing management and subsequéstige$t to increase further as

western populations a§é 8

1.2 Aetiology of development and symptoms

The mechanism by which diverticula develop is still not understood.kAwith reduced dietary
fibre has been identified since the 1960’s**~. However the exact mechanism by which the mucosa
herniates through the muscular wall of the colon, at the weak pohlesevihe blood vessels
penetrate, to create the characteristic false diverticulum is still elusive. Sifveenaés have been

postulated, including:

1.2.1 Increased intra-luminal pressure

Based on the principle of Laplace’s Law, decreased stool bulk leads to a reduced colonic diameter
and requires greater wall tension to transmit the stool along the colomcféased wall thickness

in DD has been used to support this th&ory

1.2.2 Segmentation

Excessive segmentation and uncoordinated contraction between the secpsets the raised
intra-luminal pressure. Several motility studies have suggested that leigbupr activity in the
colon is more common in symptomatic DD patients and can be correlated ywifftosns>.
Electrophysiological activity has been reported to change with elevated actie#ylynand silent

or low levels of activity in advanced DD ca¥esWhen colonic muscle from DD patients is
electrically and neurochemically stimulated, altered contraction and relaxatjpertee have been
shown compared to contrélsHowever, the methodologies used between the studies vary and how
well such models using resected muscle translate to clinical features is unaertha surgical
manipulation and anaesthetic drugs used during surgery may well alr@muscular excitability.

The alteration of the luminal contents of the gut, with bowel preparation, sumabers and poor
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patient selection, different anatomical sites of measurement and limited dafatienstudies also
affect the ability to draw conclusions or extrapolate findings to the germralatiort®. It has been
suggested that the cause for bowel segmentation and altered colonic matylibertinked to age-
related loss of nerves from the gastrointestinal ¥tattowever, conflicting results have been
reported in the number of nerve fibres, ganglia and interstitial cellSagdl in DD patients.
Although animal models and histological studies in humans suggestded nerve density with

agée”®, there is no evidence to link this directly with the developmenivefriicula

1.2.3 Altered collagen and elastin deposition

Increased risk of diverticula has been linked to several connective tissteedissuch as Elhers-
Danlog™*® and Marfan®. Muscle wall thickening in DD is not due to hypertrophy of the
longitudinal and circular muscle, but caused by deposition of elastircalifagen between the
muscle fibres. Scarring from diverticulitis also changes the ratio of typel lllarcollagerf™.
Increased expression of matrix metalloproteinases (MMPs) and tissue inhitmtomsatrix
metalloproteinases (TIMPs) has been linked to disease séVéfity. However, altered collagen
and enzyme levels can also occur with inflammation and could be a complicattien than a

cause of DD.

1.2.4 Genetics

A family history has been implicated by some groups. Recent studigs lisked twin database
and hospital records to show high concordance between monoziwgioss suggesting genetic
link?. However no gene linkage studies have so far been performeateatahg overdue as these

would be likely to throw light on disease mechanisms and encoueagbnes of research.
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1.3 Risk factorsfor developing diverticular disease

Diverticular disease can lead to a multitude of complications and has diessified into

complicated and uncomplicated disease accordingly (see figure 1.1).

Figure 1.1 Complications of Diverticulosis and Diverticular dis€a$é

Presence of colonic diverticula

7O\

Asymptomatic— Diverticulosis Symptomatic— Diverticular Disease
ADD
Uncomplicated Complicated 5%
1. Diverticulitis 10-25% 1. Bleeding
2.  RecurrentPain 33% (SDD) 2. Abscess
3. Perforation
4. Stricture

In western countries it is most commonly found in the descendingsigmntbid colon. Most
research has concentrated on the 1-2% of the individuals with complicated digkaseften
require hospital treatment. Research in this area has mainly focuseel epidemiology of these
conditions or possible surgical treatments. However, for the vastritpapf patients with
uncomplicated diverticula, the condition is asymptomatic (ADD) and only a minbsate

recurrent episodes of chronic pain (SDD)

Little is known about the risk factors for developing symptomatic mpticated diverticular
disease (SDD). In a study of patients diagnosed with diverticuloslzadum enema, a third of
patients reported recurrent episodes of pain in the left iliac fossa lastingnbre hours and
occurring on 3 or more days per mdfithThe study suggested that a previous episode of

inflammation, such as diverticulitis (RR 3.9), or psychological conditicem predispose people
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with diverticular to develop chronic pain symptoms. The proportioratiépts reporting pain was
maintained over the 7 years between studies, demonstrating the prblovagbidity, reduced

quality of life and cost associated with this conditibfr.

Other risk factors for diverticular complications have been implicated froisemjological
studies, but there are no prospective studies so whether these are eatsathe include: Low
levels of physical activity, high BM?® ** 32 and smoking®™. Other suspected risk factors for
diverticulitis include eating nuts, corn and pop-corn, but their associattbncomplications has
recently been questionnidd NSAIDs, hypertension, hyperuricemia, steroids, use of calcium-
channel blockers and anti-coagulants and patients with three concomitant limetisdEases,
including arteriosclerotic diseases, have increased the risk of diverticular bféédlivggenetic
component is also suspected from epidemiological WoHowever it is not known if these also

increase the risk of SDD.
It has been suggested that chronic pain in diverticular disease may ire factobm of irritable

bowel syndrome (IBS) Although there are many similarities between the conditions there are also

several key differences as shown in figure 1.2
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Figure 1.2 Similarities and differences between SDD and IBS

* Similarities * Dissimilarities
* Pain * Age—Peak onsets are different
* Altered bowel habit « SDD do not meet Rome

— e.g. frequency, consistency Criteria

* Altered Psychological scores * Structural alteration of
— e.g. PHQ12-SS bowel in DD

* Can be triggered by * No evidence IBS leads to
inflammatory event SDD

— e.g. PI-IBS, diverticulitis

* Visceral Hypersensitivity

There are several arguments against IBS and SDD being the same conditidingnc
0] The ROME criteria state that IBS is a diagnosis of exclusion occurring in a
structurally normal bowel.
(i) Most patients with DD are much older than classical IBS patients, who are most
frequently diagnosed in their 20s or 30s.
(iii) DD patients’ symptoms do not correspond to the precise ROME criteria, such as

altered bowel habit corresponding with the pain, or relief with defecation.

For example, a questionnaire study from the USA has suggested an assoetsteeniRome I
defined diarrhea predominant IBS and colonic diverticular did&alset only 5.6 - 14.2% of
subjects met the Rome I criteria for this diagnosis in Humes et al’s study?®. There is also no
evidence that a prior history of IBS leads to the development of diverticudaronic pain with
diverticular disease. Thus although superficially the two conditionsirarkarsand owing to their
frequent occurrence may overlap, there are important differences whichendkplored in the

following text.
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1.4 Pathophysiology of chronic pain in uncomplicated symptomatic diverticular disease

To understand how chronic pain may develop in diverticular disease itstsirfiportant to

understand the normal pain pathways from the gut.

1.4.1 Anatomy of normal pain pathways

The pain pathways from the viscera and skin are similar and bk cutaneous or enteric
nervous system, afferent nerve fibres, spinal tracts and a varietgiohs within the brain. These

will be discussed in turn.

(i) Theenteric nervous system

The nerve supply to the bowel is complex and poorly understodhinvthe bowel, there are two
plexus, the myentericAuerbach’s)*® and submucosg@Meissener’s)*°. The submucosal plexus can
be further subdivided into the internal (tiMeissener’s) and externafSchabadasch’s) *** (Figure

1.3).

Figure 1.3 Enteric nervous system of the bowel.

Longitudinal muscle

Myenteric (Auerbach’s) plexus

Circularmuscle

Mucosa

Intestinal Lumen

Submucosal plexus
Plexus submucosa externus (Schabadasch’s)
Plexus submucosa internus {(Meissner’s)

These interconnect extensively and provide sensation, through stretcheanital receptors, and

can control secretion of mucus and motility.
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(i)  Afferent Fibres

Sensory information from the descending colon, sigmoid and rectemelyed to the central
nervous system by the sacral/pelvic and splanchnic afferent nervese Timervations have
endings which terminate in all layers of the bowel and can communicatesiggtgrwith the
enteric nervous system, which makes identification of nociceptor transdwatrmodulation
difficult*® (reviewed in Knowles and AA9. These afferent fibres can be classified furthéf ¥y
(see table 1.1);

(1) Trophic requirements (e.g. NGF, TrkA receptors, GDNF, BDGF),

(2) Expression of neuro-chemical signaling and channels (e.gtéuale P, VIP, NOS, CGRP,
ATP channels, TRP family, Sodium or potassium channels) and

(3) Activity characteristics.

Table 1.1 Nerve afferent type and characteristics in visceral pain transmission.

(Based on review by Knowles and A%y

Name Properties Activation

Tonic Wide Dynamic Range Low threshold receptors which increa
firing activity linearly with increasing

bowel wall stretch.

High Threshold Respond to noxiouy Low firing activity at rest but increase
stimuli firing rate at ‘painful” bowel wall tensions.
Silent Modified by inflammation | Not active unless exposed to mediators
inflammation.

Mesenteric and serosg Respond to distortion 9 Activated by high wall tensions involvin

mesentery and serosa the serosa or mesentery.
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(iii) Dorsal Horn and Spinal Cord

Spinal afferents from the bowel synapse with dorsal root ganglia witbiddhsal horn. This is
also the site where somatic (cutaneous) afferents synapse and is eftestrief as viscero-somatic
convergence. Visceral afferents make up approximately 7-10% of affdcetite spinal cord. In
animal models, where afferent nerve synapses have been studied irdetaktthe visceral

afferents synapse most commonly in laminae |, Il, V and X efsihinal cord. However, unlike
somatic afferents, visceral afferents on entering the spinal cord sgadtipres up and down the
spinal cord, synapsing at multiple levels, resulting in diffuse overlappirsgpio&él segments and
poor localization of visceral pain. Visceral afferents are also thought to m®jettions to

autonomic ganglia, which can influence local reflexes and blood flowetddlvel (Reviewed in

Knowles and Azi?, See Figure 1.4 and 1.5

Figure 1.4 Diagram of Pain Pathways between the gastrointestinal tract and the brain

Second Order Neuron Tracts

Descending

Anteriolateral tracts Nt:]c:::eptive
. . Inhibitory
Spinoreticular
COIon P Control

Enteric nervous plexus

Spinothalamic

Spinohypothalmic

Spinomesencephalic
Dorsal Columns

FirstOrder Neurons
Spinaland Sacral afferents

Dorsal Horn

~ Spinal Cord
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Figure 1.5 Overview of Pain Pathways (Based of review by Knowles and*Aaizd Mayer and

Tillisch®.
P - ~.
7 /\\ .
. S
’ .
7 PFC ACC -‘
; i
‘ 51&2 .
\ Pathways
INS HpTh Amy ’ Noradrenergic
Mono-aminergic
Serotoniergic
Dopaminergic
Cannabinoid
Thal
Anteriolateral tracts
Spinoreticular
Spinothalamic LC RVM
Spinohypothalmic
Spinomesencephalic
Dorsal Columns
Lamlnae Reflexes
L,V & X Modulation
e~
Afferents Efferents
7 \
ENS ENS modulation
Stretch, chemicals, inflammation Blood flow, mucus, motility

Key: ACC, anterior cingulate cortex (includes dorsal, restalmidCC areas); AMYG, amygdala
ANS, autonomic nervous system; ENS, enteric nervous system; HpTethhigmus; INS, insula
(includes ant., mid. and post. areas); LC, locus coeruleus; PAG, pediacial gray; PFC, pre
frontal cortex (includes dorsolateraihd orbitofrontal areas); RVM, rostroventral medulla; S1&2,

primary and secondary somatosensory cortices; Thal, thalamus;

(iv) Spinal Tracts
After synapsing, nociceptive information is transmitted by second @fferents to the brain.
These neurons travel in several spinal tracts; anterolateral tracts e.g. spinothalamic
spinohypothalamic, spinomesencephalic, spinoreticular and dorsal célurtnis thought the

latter three spino-tracts are mainly involved in unconscious reflexeawsadomic responses. The
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spinothalamic tract is thought to project to the thalamus where it isetkta other areas involved
in conscious pain perception and processing, such as the pamdrgecondary somatosensory
cortices (S1 and S2), the insula (INS), the anterior cingulate cortex (AGCiramal cortices.
Most of the information related to pain transmission in the dordahws comes from animal
studies and its role in human pain is not fully understood. Hemiis thought that instead of
transversing the spinal cord to run of the contralateral side, paimition is also transmitted by
the ipsilateral dorsal columns to the contralateral ventral posterolateral nudkegtmlamu® >3

(See Figure 1.4 and 1.5)

(v) TheBrain
The primary response to visceral and somatic pain is complex and noufasrstood. Two
pathways have been identified; the lateral sensory-discriminative and mediairerhor affective
pathways. Cortical regions include the anterior cingulate cortex (ACC), postaiiband anterior
INS, PFC, S1 and S2. Subcortical regions involve the PAG, HpTHal, AMYG, Hippmes and

cerebellum (Figure 1.6)

There are extensive connections between the ACC and INS, with co-aatigatiorring in most
studies of emotion processiigBoth receive lamina spinothalamic projections and are connected
to the parabrachial and periaqueductal gray (PAG), part of the descendiogptive inhibitory

control (DNIC) network, and the PEC producing a fronto-limbic regulatory netwdtk®
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Figure 1.6 Simplified diagram of some of the key brain regions involved énrttodulation and

perception of painful perception (modified frdree and Tracey 20£8)

Orange areas: affective areas of pain processing. Blue: sonsinsameas of pain processing,
Green: regions of higher emotional control, Purple: areas important in desgenhibitory
and/or facilitatory controls. Grey: other keys areas with less defined role

Key: ACC, anterior cingulate cortex; AMYG, amygdala; INS, ins(itecludes ant and post.
areas); MCC, mid cingulate cortex; DL-PFC, dorsal lateral prtftonortex, VL-PFC,
ventrolateral prefrontal cortex; VM-PFC, ventromedial prefrbmtartex; OFC, orbitofrontal
cortex; PAG, periaqueductal gray; PCC, posterior cingulate corteg, PFe frontal cortex
(includes dorsolateradnd orbitofrontal areas); RVM, rostroventral medulla; S1&Amarry and

secondary somatosensory cortices; Thal, thalamus;
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The INS is thought to integrate sensory and motor information fhenviscera with the attentional
and emotional centre$hese involve the limbic system including the ACC and amygdala (AMYG
4. %0 The insula plays an important role in risk perception, attention azpatior™® °® ®* The
pINS is also important, receivinginput from the spinal thalamocortical pathway and being

somatotopically organized to a range of stifffiffi but not imagined or remembered J4if.

The PFC is complex and involves several centres in pain processimgodnthtiori> *’. The right
lateral PFC is important in this process as it performs cognitive naappof stimuli and inhibits
limbic activity. The ventrolateral PFC also assists this process. bd&s shown to be active in
analgesia states (arising from the belief that pain can be controlled) and intgtiadtee nucleus
accumbens to inhibit the activity of the AMY& . Another part of the PFC, the ventromedial
PFC, is involved with the fear of pain, although in some cases iexacerbate anxiety and pain

experiencé" 2

Brain responses to visceral stimulation in healthy subjects has beena@viecently by Mayer et
al”®. The review focused on visceral studies, which included papersesaphageal, gastric,
colonic and rectal stimulation using a variety of techniques. It identifiedistensy activated
brain regions in all these studies. These included the posterior (pINS) tenidragalNS) insula
and the anterior cingulated cortex (ACC). Other regions with high densis in reported
activation included the primary somatosensory cortex (S1), regiohsiite Pre-frontal cortex
(PFC) and thalamus (Thal). Direct anatomical connections between brain areatedauring
rectal distension in healthy women (INS, ACC, THAL, S1, S2 and the R&® recently been

observed using diffusion tensor imaging (DT4)

It also should be noted that most studies look at brief episodes of acuté©pain et df have
addressed this issue by using arterial spin labeling (ASL) techniques to lgaik @rocessing in a
tonic muscular pain model in healthy volunteers. The 10 slices acquiveded from the thalamus

to the somatosensory cortices only and did not include the cerebellivn larainstem. Pain in the
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first 5 minutes was associated with increased blood flow to the INS, bilatdeahgru and the
inferior frontal gyrus (IFG), the anterior MCC, Perigenual ACC, bilateral tmagaand contra-
lateral SIl. However, bilateral insula and thalamus activity was promingmblionged pain, while
the anterior mid-CC rapidly returned the baseline, suggesting a preferentedstemn emotional

pain processing.
Pain processing can also be modulated by several f&ct6rS which are shown in figure 1.7
These are possible processes that can be altered in disease states and will be Rissusstte

introduction.

Figure 1.7 Factors affecting pain perception and processing.

Attention Emotional context Anxiety

Simultaneous
Cutaneous Pain

Depression

Distraction Psychiatric conditions
Placebo Effect Learning
Anticipation

Genetic variants Medications
Sodium channels Na 1.7, 1.8, 1.9
SCN9A point mutations
Rectifying currents e.g. I{A), I{K)

Amitriptyline
CRF receptor 1 antagonist
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1.4.2 Pain Pathwaysin Diverticular disease

Q) Enteric nervous system

Neuronal structure and neuro-chemical expression in resected acute anid dhrerticulitis
specimens and endoscopic mucosal biopsies in asymptomatic and symptoregtouthr disease
patients have been investigafedrhe resected specimens demonstrated increases in tachykinins
substance P and galanin in the submucosal plexus and circular $huSblese findings are
supported by other studies where altered muscular activity to acetylcholinie, oxide,
endocannabinoids, tachykinins and substance P were found irtete€2D specimeri§®® In
Simpson et ab study®, nerve remodeling was also seen. In the SDD mucosal biopsies, the
submucosal plexus also showed increased tachykinins, subfarsel galanin as well as
vasoactive intestinal peptide (VIP) and pituitary adenylate cyclase activated prodSARP
compared to the ADD group, but without any histological difference. iitiease in galanin
significantly correlated with frequency of defecation, supporting tleeafoneural changes in other

gastrointestinal symptoms as well as fin

An abnormal ENS has been found in other gastrointestinal conditions astoititepain and
alerted motility e.g. IBS, slow transit constipaflor™® and is thought to play a part in the
development of diverticula and symptoms. This fits with multiple studéesodstrating altered
contractile activity within the bowel, especially in the diverticula effectednse§"®. The

contractions occur most commonly after food, which often triggairsip symptomatic patierts

However histological studies of diverticular subjects have reported corgliotisults. This is
possibly because many reports do not distinguish those viithdiverticulitis and those without
which may make a key difference. Some studies have reportechtavges within the ENS’’,
others have decreasesmyenteric plexus nerv&or increases in submucosal nefVesSectioning
the ENS using a cross-section is a poor way to visualize the myeptexies which is best
evaluated using whole mounfBherefore a study of patients with DD and 10 with rectal tumours

who underwent resection using this technique, is of interest. Thewedhathat in the myenteric
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plexus, the nerves were thinner and often ‘interrupted’ and there were a paucity of myenteric
ganglia compared to the rectal tumour gr8tipunfortunately the methodology of these studies
was not the same, with different resection specimens included in theadilagrand control groups
and different sample preparations and staining methods used. Puatigdrss and reasons for
resection were also not reported and no comparison was made between dh#rma aauronal

changes, reducing the interpretation of the results.

However a recent high quality histological study in which tissue weefutly laid flat and cut
along the plane of the circular muscle to optimally display the myentexagp of 27 DD, with
documented symptoms of diverticulitis, abdominal pain, changed bowel drabiir bleed, has
also shown decreased neuronal density in all neuronal plexus. Decgaasgid and glial cells in
the mesenteric and submucosal plexus, but an overall high glia tonakwatio (oligo neuronal
hypoganglionosis), were also folffti These glial changes may be just as important as the
neuronal ones, as there is increasing evidence that colonic glial cetialpw@upport and protect
the neuron, but can also influence its gene expression, phenotyde,neamo-chemical
expressioff?. Unfortunately there are no studies that have shown whether these nemdnal
muscular changes are present before the development of diverticula ahdhey lead to

symptoms.

(i) Functional impact on sensory function

Work at Nottingham and by other groups, suggests that SDD patients sisoceral
hypersensitivity to rectal barostat distensfén® This phenomenon, which also occurs in IBS, is
defined as increased sensitivity to a stimulation, so that pain is perceigedoaer stimulus
(reduced pain threshold) and/or there may be increased pain to lustifmyperalgesia) and/or
pain to a stimulus that was previously not perceived as painful (allofnt) In Humes et af*
(2012), rectal barostat distension showed significantly reducedtpashbld to stimulation in the
SDD group compared to ADD and healthy age and sex matched volunteerd{itdsal samples

also showed elevation in RNA expression of tachykinins and galanaptoes (GALR1 and
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NK1R), TNF-alpha and IL-6 in the SDD group, suggesting that the develupof painful DD is
associated with these neuro-chemical changes and low level chrdaioriwdtiort®. The theory
that chronic inflammation has a role in the development of painful DD is sepdpdy

%3, 28, 107, 108
)

epidemiological wor which suggests that the development of visceral hypersensitivity

in diverticular disease is related to a previous episode of diverticulitis (eetathvof 3.95.

Similar post-inflammatory visceral hypersensitivity has been seamimal models and humans
with conditions such as IBS and IBD. In animal models, a controlftehimatory event can lead
to increased response to mechanical stimuli, with alterations in mechanoggritifferents and
changes in channel families such as transient receptor potential (TRBgrgia receptor family
(e.g. P2X3), acid sensing ion channels (ASIC), tetrodotoxin resis@adium channels (e.g.
NaVv1.7-1.9) and rectifying potassium chanf®52 Animal models of TBNS induced
inflammation have shown that these changes can be long standinginsited to those seen
following diverticulitis, with raised galanin levels remaining above nomaage for over 96 days
post initial inflammatory insuff. However it is important to note that the animal model used and
the development of visceral hypersensitivity, through psychologiodlammatory or other
methods, can produce different results which may not always be dpeltoshumatf®. This is not
a new phenomenon as post-inflammatory visceral hypersensitiagyfivgt reported in the WWII
after amoebic dysentery’ *** But it’s only within the last 20 years that larger epidemiological and
biochemical studies have shown a link between inflammation, occurrésgemptoms and neural

change¥™*’

One of the most recent and well documented examples is the Walkerton Hedith2300 people
in Walkerton (Ontario, Canada) became ill after bacterial contamination ([EOt67:H7 and
Campylobacter speciesy the town’s water supply occurred in 2000. Seven people died as a result
and there was a documented increase in conditions such as gastritis aidtéBR. years the
incidence of IBS in the general population who had not suffered @amstroenteritis was 10.1%,

compared to 36.2% in the affected grtipAlthough spontaneous recovery occurred in most
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people, some people developed long term problems, with 14.3%% ¥&pbrting symptoms at 6
and 8 years respectivély. There was also an increased incidence in children affected (OR 4.6,
95% CI 1.6 -13.3f°and an increased incidence of dyspepsia (OR 2.30, 95%CI 16323 Risk
factors for developing symptoms include female sex, young adesawerity of the initial
gastroenteritis. Psychological co-morbidity also played a role. In dsispegmoking was also

identified as a risk factor.

Genetic risk factors for PI-IBS in Walkerton residents were assessezht§@nne gene variants
were identified from potential pathophysiological pathways including mudmsaier function,
innate immune system, response to bacterial motifs and the 5HT patfags.include two Toll-
Like Receptor 9 variants, CDH1 (a tight junction protein) and¥.6rhese findings fit with the
observed increased intestinal permeability associated with irritable bowelosysdfound in

patients 2 years after the Walkerton gastroenteritis outtféak

(iii) Gastrointestinal and peripheral immune functions
It has been suggested that altered intestinal flora and mucosal barrier funatianfluence low
grade chronic inflammation, with altered cellular, cytokine profile andésponse to stimulation

lead to and maintaining visceral hypersensitivity in uncomplicated SDD.

There is some evidence to support this theory as altered peripheral circulatingensells and
cytokines have been noted in IBS (IL-lbeta, TNF-alpha, IL-6 an®)f**° and a small
underpowered study in SD®. However there have been reported differences between the
literature, which may be due to the different types of IBS recruitadjegeage, use of antibiotics

and genetic differences between study populations.

Mucosal immune changes have also been noted in DD. In surgical specisigmificantly

increased number of 5-HT producing cells have been repdrtddt in a recent study, no

differences were detected among a range of cytokines between 10 lioatedpDD and 10 age
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and sex matched contrb1 However the study did not report any patient symptoms andswith
few participants it is difficult to draw conclusions. Given the strongciasson with age it is
important to note that there are colonic immunological changes that occur evitasimg age,
including fewer immunocytes in rectal muct$and reduced responses to antigen challenge from
lymphocytes in the lamina proptisso any study of histology needs appropriately age-matched

controls.

In IBS, colonic biopsies have shown increased numbers of mast cédiyadmomaffin cells and T
lymphocyte$®*! The most consistent changes relate to mast cells. One influential stweldsh
that the number of activated mast cells located in close proximity to salucerve fibres
correlated with pain symptoi& Alteration of the immunological environment by infections or
genetic predisposition can also influence the production of 5HT, eigmessSERT and numbers
of enterochromaffin celf§* *** Similar studies with Trichinella spiralis infections can also lead to
altered nerve responses to stretch which can be inhibited by ondatée@moBHT3 receptor

antagonist.

Mast cell and gastrointestinal bacteria also produce protéasés Protease producing cells and
release of proteases from colonic biopsies are greater in IBS pafiefitese simulate protease
activated receptors, e.g. PAR-2, which can lead to intestinal inflamrf4tiomucosal
permeability*’ and neuronal excitability in animaf§ **° Reduced PAR-4, which unlike the
proinflammatory PAR-2 protects against inflammation, has also been reported in IBS mucosal

biopsies™.

(iv) Molecular basis of inflammation and Post-infective Hyper sensitivity in IBS
Host predisposition to development of IBS after an inflammatory exanbben focused recently
after the discovery of SNPs in IL-6, TLR9 and CBH1In other genetic susceptibility studies
several genes related to mucosal barrier function, such as mucin relatsdgestte androgen

regulated mucin like protein 1, PARM 1; and MUC28)*? TLR-9"? and cytokines (tumour
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necrosis ligand superfamily 15, TNFSFi®&specially in C-IBE3, TNF-alpha G/A polymorphism

and low IL10 producing phenotyp& **j have been discovered.

Altered mucosal barrier function, immunity and symptoms in IBS beyinked with observed
changes in gastrointestinal fl6fa Mucosal permeability® **¢ 57 **%nd increased expression of
pathogen recognition receptors (TLRs 4 and®5and innate immune activity (antibodies to
flagellin and beta-defensi2y°>**?have also benfound in IBS patients and experimental models.
There is some evidence that symptoms, barrier and immunological fuaatiomociception can be
improved with probiotics (reviewed i19. In IBS, gastrointestinal microbiota has been reported to
be unstable within individuals, compared to the general poputdtiobut may be due to
differences in antibiotic us& or diet. Antibiotic use itself has been associated with developing IBS
(adjusted OR 3.70; 95%CI 1.80-7.68)or PI IBS after travelers’ diarrhea (RR 4.13 95% CI1.1-
15.3)"°°. Altered composition of gastrointestinal flora has also been reported in IBSyithut
inconsistencies between studfé$™ However the enteric microbiota-gut-brain axis has been
postulated as a mechanism for chronic pain and functional gastrointestimdets<a Thus, there
has been increased interest recently in modification of gastrointestinalftbrase of antibiotic
(e.g. rifaximin) and pre and pro-biotic therapies in diverticular and®B'%**” However no large

RCTs have been published to date in DD or IBS.

Many of these changes in immunological and neuro-chemicaltogsegnd transmitters have not
been directly implicated in diverticular disease, but they may be relevanggsssed by animal

models and other post inflammatory painful conditions, such as Pl-IBEB&nd

(V) The Doral Horn and Spinal cord
Spinal sensitization also occurs with up-regulation of neurotransmittergeaergtors such as
substance P, Galanin receptors, purinergic receptors and ‘ft-®sAlthough the mechanism by
which these changes are produced and lead to altered pain processingdattation is not well

understood. There is also controversy over the role of astrocytemiarmmplia involvement in
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visceral hypersensitivity. Increased microglial proliferation and activatiopetipheral nerve
injury or colonic inflammation or psychological stressors have beem ss well as visceral
inflammation following thecal injection of microglial activatot®® It is also thought that
descending central inhibitory or facilitatory modulation can also influencetfzaiamission at the

spinal level.

(vi) Central Pain Processing
Although there have been no studies characterizing central brain respodsestioular disease
there is some evidence to suggest that alterations in pain processinge npagsent. Previous
studies have shown significantly lower visceral sensitivity threshiodtiween symptomatic and
asymptomatic patients with Df. Patient surveys have identified that in those who have an
increased tendency to report short-lived recurrent abdominal pain alsoif@eased anxiety
scores on the Hospital Anxiety and Depression scale (EfA@3d higher scores on the Personal
Health Questionnaire 12 (PHQ1¥%) a measure of somatisation. This suggests a role for altered
central processing. Sensitization in diverticular disease may be similar 1 85 Although, no
fMRI or PET studies of patients with SDD have been reported, severalssindpatients with

chronic pain, such as IBS, have shown central alteration of pain proc¢&ssihg

In a review of imaging studies on patients with visceral pain, sirbiain areas such as the INS
and ACC were activated as reported in healthy subjects as in pattebisfortunately many of
the studies were not controlled for confounders such as previousuegpto the scanner
environment, anticipation, psychological problems and other co-morbiditiegetya level and

gender, which makes interpretation of the results difficult.

However in some studies in IBS, increased activity of the ACC, INIS2arotional pain processing
areas (amygdale, hypothalamus, infra-genual cingulated) were identifiatioipation of and on
stimulation of the viscefd” %% |n healthy controls the ACC activation has been shown to be

correlated with unpleasantness of rectal distension and afi%iety IBS patients great activation
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was seen in the ACC and the number of pixels activated was iedf€aghis activity has been
correlated with anxiety score while the PFC and cerebella areas correlate withidemes® on

the HAD™®

In chronic back pain, which can fluctuate in intensity, fMRI studie l&own that during rapid
increase in pain, active centres include the INS, ACC, parietal cortices, abhelten. However,
during periods of sustained pain, activity was seen in mPFC, AMYiGvamtral striatum. Intensity
of the perceived pain correlated with mPFC activity, while INS activity asgeciated with pain
duration in yearS®. This suggested an engagement of internalized emotional procesgiagsr

(medial pain pathways) and long term maladaptive behavioral and psychotdginges.

Recent evidence also suggests IBS patients fail to show the normal aevitgduwring anticipation
of pain in the INS, ACC, amygdala and dorsal brain stem which is pegstonprepare normal
subjects for pain and reduce the overall sensafiocf° Decreased activation of the dorsal pons
region, which involved the periaqueductal gray (PAG), part of the DNitbways, has been
reported in IBS and this might explain the visceral hypersensifivity* 2°* ?*Most IBS patients
also show hypervigilané¥ possibly resulting from past experience. However repeated exposure
aversive stimuli can result in a habituated response so that IBS patieliesl sepeatedly over 1
year do show normalization of their initially abnormal resptfis@his is thought to be due to

higher cerebral modulation and reduced emotional/amygdala excitation of attentiere®.

Several factors are thought to modulate pain perception. Many of these tappealysfunction in

chronic pain conditions.
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1.5 Modulation of pain pathwaysin healthy and chronic pain subjects

A variety of factors can influence perception of pain (see figufe 1

1.5.1 Descending inhibition and facilitation
This is a characterized and widely investigated brain neflforkhich appears to be important in
many physiological process&s and chronic pain conditiofis 2" |t involves several
interconnected brain regions including the endogenous opioid systpothalamus, rostral ACC,
AMYG, the periaqueductal gray (PAG), nucleus raphe magnus locusuleagr (LC),
mesencephalic pentane reticular formation and rostral ventromedial meduNg @& 20> #1522
Ethnid* and se¥ differences in descending inhibition of pain have also been described, and
recent meta-analysis suggests that males having more efficient desasoaaggptive inhibitory
controls (DNIC) than femalé¥. In two rat models, activation of the descending inhibitory
pathways after spinal nerve ligation protects against the development atghaionafter an acute
insulf®®. This phenomenon may be important in human chronic pain develbas@re-operative
generalized hypersensitivity, as demonstrated by quantitative sensory, tedsiogappears to
increase the risk of chronic pain following surgéfy??>??” Increasing evidence also suggests that
descending facilitation can also oc®ir?*®2* Control of pain is through several mechanisms
including opioid, serotonin, dopamine, noradrenaline and endocanihipathways™ - |t is
thought that in some chronic pain conditions, descending inhibitionaof pan switch to
facilitation?®® and may act to maintain a chronic painful stiteActivation of these pathways is

thought to underlie the therapeutic effects of tricyclic antidepressants.

This is important in gastrointestinal pain as in a recent fMRI studB$ dhowed a failure to
decrease activation of the INS, supra-genual ACC, AMYG and dora@ §tiem in chronic pain
groups® %% In IBS, pain rating was significantly inversely correlated with tbesal brain stem
activity, suggesting that IBS patients fail to activate the descending inhibitory gyettduring

pain anticipation, resulting in a greater pain experieficé is not known if the descending
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inhibitory pathways are affected in symptomatic DD or if these changes atmutgpor after an

inflammatory event, such as diverticulitis.

1.5.2 Attention, Distraction and Counter -stimulation

Both visceral and cutaneous (somatic) pain can be influence by attentiortioAttena painful
stimulus increases pain reporting and fMRI demonstrates corresgadination in the S1, aINS,
PFC and ACCG*2* The mid cingulated cortex (MCC) is thought to be essential for attgudion
modulatior?®® 23 239 241 There are few reports of attentional modulation in visceral stimulation i
the lower gastrointestinal tract. Some studies involving oesophageallagton have suggested
that the S1/S2, ACC, left MCC and right PFC are involteé&** Stimulation with another painful
event has been shown to reduce the pain experience. Studies suggedththagh counter
stimulation may have a distraction component other effects, possibtliatad through the
descending inhibitory pathways, may also play a?faleTop-down modulation and reduced
emotional engagement of attentional pathways are thought to undeftigatiah to perceived pain
in IBS. Similar circuit interaction may be present in diverticular disease andnbealle to

pharmacological or psychological interventin

1.5.3 Anticipation, learned behavior and hypervigilance
In Pavlovian conditioning models, the expectation of pain activates the ACC afd PE@hich
have connections to the descending inhibitory system described above. Anticgdadigainful
stimulus results in difference in brain activity in IBS compared to clsntieith increased
activation of attention and emotional network areas such as the frontal awediopogarietal
area$™ Berman et al (2008 have shown altered activity to anticipated rectal distension in IBS.
In healthy volunteers the INS, supra-genual ACC, AMYG, and doraaidtem (DBS) decreased.
In IBS patients significant differences were found in the right postiYi® and DBS compared to

healthy volunteers.
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Several factors can influence anticipation of stimuli. Personality traitk, &8 neuroticism, have
been shown correlated with activity in the INS, ACC, AMYG, parahippocarapd THAL during
anticipation of paiff’. Hyper-vigilance and altered response to the anticipation of pain are also

thought to play a role in abdominal pain in i8S

Many of these activated and deactivated areas have been associated withmmbmiogieolimbic
inhibition of pairf*. These areas were classically involved in pain modulatory responseseand
thought to be involved in mechanisms of chronic $#ainIBS patients have also shown
dysfunctional inhibition of pain with heterotrophic stimulation and anticipatfopaa?®®. There

are no studies that have previous examined anticipation of pain in DD.

1.5.4 Emotion, Mood, Depression and Anxiety

Emotional arousal appears to modulate both pain spinal reflexes as ywefcaptio?™’. The INS

is thought to play a role in integration of emotion and percepfigaio, while the thalamus, PFC
and AMYG may have a role in altering spinal reflexes. Other regions identifidadéndhe
parahippocampal and brainstem regfdhsDepressed mood has been shown to increase pain
perception, with increased activity in the hippocampus, PFC andibfyeersual ACC. Significant
correlation was also found between increased pain intensity and the&sAdd inferior frontal
gyrus™ Personality and anxiety trait also influence pain perception, withtionettas functional
connectivity between the brainstem and the INS determining ifulstéms perceived as painful or
not®. Other regions involved in anxiety and anticipation of pain includeetitorhinaresponses,

which predicted activity within the mid INS and perigen@&f°®

In IBS anxiety and depressed mood have been found to correlate ppsiitbepain ratings. Brain
region activation has also been found to correlate. Anxiety score Saiesowith activation of the
anterior mid-CC and pregenual anterior CC, while depression score asswaitfatastivity in the
PFC and cerebella regidd$ During rectal stimulation, IBS patients also show more stress-

induced activation of INS, MCC, VL-PFC, but reduced modulation of IN®vigc during
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relaxation compared to health volunté&tsThis suggests that anxiety and depression may play a
role in altered pain processing in chronic pain conditions but it ismowik if these are primary or

secondary effects.

The brain gut axis is bidirectional with the gut stimulating the brain and cerdralgrocesses also
influencing the function of the gastrointestinal tfAt#% In human and animal studies,
psychological stress can alter gastrointestinal flora and mucosal permeabilityraatfeca the

development of anxiety-like problems and paiR>°(Figure 1.8).

Figure 1.8 Central and peripheral pathways in the brain gut axis
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1.5.5 Other changesin chronic pain

Other networks and structural changes have also been identified ifncgbagm conditions. These

include:

0) Resting state networks
Activity of this default mode network (DMN) of nerves occurs edtrand is made up of the
posterior CC, medial PFC and temporal regigtfs? During responses to tasks or stimuli, regions
within the network deactivate. However, this network is altered iaraépsychologic&f*?*®and
neurological conditiorf§” 28 In fibromyalgia, the DMN has greater connectivity to the INS and
the executive attention network than in healthy controls, suggesting thatyaetittit these
networks may contribute to spontaneous pain in this gfauphere is some evidence to suggest
that altered resting state networks also occur in gastrointestinal disordarsctinrfal dyspeptic
patients, who underwent uncomfortable and sham gastric fundusstsienvith H(2)(15)O-PET
imaging, there was reduced posterior ACC activation and no or bdigzctivations in the
AMYG and dorsal porf&’. However, much of the current literature of DMN and pain hassxtu
on back pain. In patients with chronic back pain, reduced deactivatioaskan shown in areas
such as the medial PE€and altered correlations with other networks such as the insutiesor
angular gyri and the middle frontal gyrus orbital region. These rediame been linked with
executive control and may explain some of the associated problemghsithic pain, such as
depression, sleep disturbances and altered decision making?&bifdthough it is likely that this
network would also be disrupted, there are no previous studies exartinmgritable bowel

syndrome or diverticular disease.

(i) Structural brain changes
In patients with chronic pain the cortical thickré$s’*and blood flow to this region is reduced,
but can be increased by analgesia or symptom improvement. Grey matigesthave also been
reported in other pain matrix regions in chronic pain conditions sucke a@sMNG, hippocampus,

post central and superior frontal gyri, INS, prefrontal and X€€® In fibromyalgia these changes
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also correlate with disease duration and®®gén IBS changes in grey matter thickness have also
been reported, with the hippocampus having thickened grey matterthditaid-cingulate cortex
was thinned. The insular regions also showed altered thickness, witluction for IBS patients
with a short duration of symptoms and increased in those whibhgderm paiff’. White matter
changes have also been detected in thalamocortical tracts and insular’fegidn$? However
similarities and differences in the regions affected have been seen meliffierent condition&*

8 There is also suggestion that effective treatment may reverse chasges in some chronic
pairf®. It is not known if grey and white matter changes occur in diverticligaase and if these

can be altered with treatment.

(iii) Pain catastrophizing
Pain catastrophizing is an altered response to pain associated with impaired ktdpésgbeen
characterized by heightened pain interf&ity?®® increased disability and difficulty disengaging
from pairt®. It appears to reflect emotional instability and to be a stablé®¥ramavlin et al**
have also shown that pre-surgery pain catastrophizing score (R&IB}t post surgery pain scores,
suggesting that people with high PCS may be at risk of developingiclpain. High PCS patients

also exhibit increased pain vigilarée®*

In a Functional MRI study by Seminowicz and D&Ws 22 healthy individuals underwent
electrical median nerve stimulation and 2 pain intensity levels and completed pairophtzisiy
gquestionnaires. Results showed that PCS was not correlated with the lateral digisemin
pathway, such as the SSI or Il. However the medial pathway centregssithPFC, INS, rACC
pre-motor and parietal cortices, were associated and, during more intensAqbigation of the
PFC during pain was negatively correlated with PCS. The group stedgthis fitted with an
attention model of pain catastrophizing, with mild pain activating the corticéhnig network.
The PFC decrease at higher pain intensities suggesting a reduction in corticidtiowdbat
impedes changing from this network and activating descending infyilpitahways that suppress

pain intensity. The study suggests that individual pain cortical respons&C&hdre independent
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of health, i.e. correlative even without the existence of a chronic pain stafgbeamyalgig®®.
However it has been increasingly identified in many chronic paimdéis® and may be linked with
continuation of pain and associated psychological proBfAi8 It is not known if pain

catastrophizing is important in pain perception in diverticular disease.

1.6 Aimsand objectives

Diverticulosis (DD) commonly affects those over 60 years of age initfeasing prevalence in
younger age groups. It is responsible for substantial morbidiheitVK, which isncreasing as the
population ages. The reasons are uncertain, making research intootiigion of utmost
importance. Furthermore a recent survey found that there is considassioleiated symptom

burden with 36% suffering recurrent abdominal pain.

Visceral hypersensitivity plays a part in both IBS and*Dbcan occur because of:
0] Peripheral changes in afferent nerves causing increased firing
(i) Synaptic facilitation in the dorsal horn of the spinal cord
(iii) Central hypervigilance
(iv) Impaired descending inhibitory or enhanced excitatory reflexes originatirige

brain stem.

Painful DD patients have changes in enteric nerve neuro-chemical codingnaidiases in
tachykinins and galanfif *®° Thiscan be induced by inflammatidin animal models and is seen in
colonic resections for chronic complicated ¥8DThe association of pain with previous episode of
diverticulitis supports the theory of a peripheral nerve ciusmwever, a central component to
abnormal pain processing, as occurs in f8Shas not been excluded in SDD pat#H.
Identifying the level within the nervous system where sensitisatiorsdggbe key to successful

targeting of treatment to either the gut or the bfain
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While acute diverticulitis may be the initiating insult, a chronic low lev@aimnmation and/or
central changes in pain processing may be required to maintain visgeeasensitivity Whether
anti-inflammatory agents acting at the level of the gut alone, suctesalazine, could reverse this

process is as yet unknown.

To investigate these areas, | plan to undertake two studies

1. Effects of somatic pain on cerebral activation using fMRI in symptomatid an
asymptomatic DD and IBS patients

2. Mechanistic RCT of mesalazine in painful DD
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Chapter 2: Abnormalities of central processing of somatic and
visceral pain in Diverticular Disease and Irritable Bowel

Syndrome using functional magnetic resonance imaging (fMRI)

2.1 Introduction

2.1.1 Visceral and somatic conver gence

Visceral hypersensitivity has been demonstrated in many functiostioggestinal conditions,
including IBS% *3and recently in DE* The gold standard method for eliciting pain in patients
with visceral hypersensitivity is with a rectal baro€fat In SDD the rectum has similar
hypersensitivity to the sigmoid colon, where diverticular disease mmstmonly occur$®
However this technique is invasive and has produced varied fMRPEAdresults depending on
the techniqu€ used and analysis methd¥s In a mature patient population, with significant
associated anxiety and morbidfy volunteering for a procedure that is not going to provide

% Thus studies

significant additional diagnosis, treatment or financial benefits may beaed
involving an invasive procedure and discomfort are likely to havefiignt recruitment problems

in this group.

In surgical conditions, such as cholecystiisappendicitis, somatosemgochanges in areas of
referred pain have been demonstrated despite being pain free at assessii&nthis
demonstrates somatovisceral convergence, with cutaneous hyperalgesia dgveldhim areas
associated with input from painful or inflamed viscera. However, en@enon of localized
and/or wide spread hypersensitivity has also been identified in patitits functional

gastrointestinal and other disorders, suggesting altered descending inhibitergysath?°? 302 312-

%1 |In IBS, visceral sensitivity has been significantly correlated to cutanebermal
hypersensitivity"2. This is thought to be maintained by central ‘top-down’ (e.g. anxiety,

hypervigilance, spinal (e.g. pain inhibition/facilitation deficits) and peripheral ‘bottom-up’

mechanisrff® 3% 322 Similar chronic visceral and somatic hypersensitivity have beennshrow
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animal models following TNBS coliffé® 3** However several differences in brain activation have

been found between visceral and cutaneous painful events.

2.1.2 Differencesin cutaneous and visceral pain processing in healthy subjects

Although many regions involved in somatic and visceral stimulation apjpede the same
(secondary somatosensory cortex (S2), parietal cortices, THAL, basal gangl@erabéllum),
key differences have also been identiffed 32°32° These are thought to be due to the greater
emotional and autonomic effects of visceral compared to somatic paminthude a series of

studies by Strigo et &f 3%

where a heat stimulus applied to the skin was shown to increase
bilateral aINS and ventrolateral PFC when compared to activations produced bgalvisce
mechanical stimulation within the same dermatome region. However greatatiactivas seen in

the bilateral inferior S1 and primary motor cortices and rostral regions whthidorsal ACC with
visceral compared to cutaneous stimulation. In a further study bgkbay et al (2005), electric
stimuli applied to the midline of the abdomen or the rectum showed santlgations in the PAG,
parabrachial nucleus (PBN), nucleus cuneiformis (NCF) and the locarileus (LCCY®.
However PAG activation also correlated with anxiety rating on visceral stinuldtios area may
have a greater role in the emotional unpleasantness of visceral compavethtiz paifiz’. Like
visceral pain, somatic pain sensation is also influenced by modulatorasattentiof’>, mood

and emotiofP? 33133

Thus the use of cutaneous stimulation as a surrogate markdasderal hypersensitivity may be
useful in assessment of pain in SDD and prove more acceptable to the patidatipn allowing
us to study a group of patients more representative of the wholdagiop than if we had used

rectal distension as our stimulus

2.1.3 Localized or Global hypersensitivity
Difference in pain processing in IBS and other conditions di&s identified possible ‘pain

signatures’ for global hypersensitivity in the condition during anticipation and painful events’™> 2%
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Although this has not been investigated in SDD, it is possible that localiztidr aglobal
cutaneous hypersensitivity may be present in this group. Severatdgans have been identified

as important in pain processing in health and other chronic pain groups

2.1.4 Background: brain regionsinvolved in processing pain and anticipation of pain

There is a very large body of literature describing brain areas and rta@iorks involved in
processing pain stimuli (delivered using a wide range of methods aadigras) and anticipation
of pain. Over 1600 publications to date relate just to fMRI and pain. ThHisrs@covides a brief
background description of some of the key areas involved in thesesses with particular
reference to visceral pain conditions and thermal somatic pain paradigtssbadkground

information will be then referred to along the discussion of the resutss study.

(@) Cingulate cortex.
The ACC is of particular interest as the pACC is thought to be taupin control of pain and its
activity has been linked with the PAG and PBhsAs well as pain processsitig>*® the cingulate
cortex activity has also been linked with attentfdr®* affective processing of painful stimuli

reward probability and risk* **3 avoidance learniriff' as well as anticipation of paft: 3¢

It is thought that the cingulate cortex can influence other brgione involved in pain processing.
This has been demonstrated in animal and fMRI studies. In rats conditionedetd axpainful
stimulus with an auditory cue, significant increased ACC activity vweentified during th
anticipation phase of the study, while during the noxious phase activitgresent in the ACC, S1

and medial dorsal thalamii§ The correlations between these areas were also found to be
increased during anticipated rioxs stimuli compared to unanticipated events. ‘Information flow’
between the emotional and somatic brain areas was also enttabgefiCC anticipation activity.
Uncertainty in a cue stimulus to an aversive stimulus has $le®mn to result in greater responses

in the insula and amygdala compared to certain®léghe activity of the ACC during the cued
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anticipatory phase was found to be inversely associated with the mmsdlamygdala activity

response to the aversive evéht

Altered activities of the ACC and associated regions have also been deateohs chronic pain
groups. During cued anticipation of painful rectal distensions, daéotiv of the insula,
supragenual ACC, amygdala and brainstem have been shownfMgihgn controls but little
deactivation in IBS patient¥. Increased activation of the dorsal ACC has highlighted its
importance in I1B&?* **° Treated IBS patients, who have reduced symptoms, demonstrate a

reduction in dorsal ACC activation which supports this th&8ri*

Anticipation of pain can enhance synchronisation of activities of the &@Cassociated regions
involved in pain processing and that emotional areas can influence pto@cerocessing in

somatosensory aré4sin health and chronic pain grodfs

(b) Insula

The alINS is important in interoception (conscious sense of bodyitimon)®* %% %* emotional

$* 3% magnitude of pafi> **®and risk predictiotf. The pINS is thought to be key in

avarens
discriminative-sensory pain processitig®*” and be somatotopically orgaei®. The INS and
ACC have been identified in somafit **°and visceral paffi® *** *%tudies. Other areas are not as
consistently activated in studies, such as the somatosensory -cortlamus and
limbic/paralimbic aredd. Although neuro-anatomic pathways are kn$twn*®? the functional

connectivity of these regions in pain anticipation and processingohag®en fully elucidated®3*>

The INS and S2 (contained within the parietal operculum, PO), as well as ther ififertal gyrus
(IFG) have also previous been implicated in anticipation of and pain proc&8sirte IFG is a
gyrus of the frontal lobe which includes the pars operculaigggularis and orbitalis (Brodmatm
areas 44, 45 and 47). The IFG is important in recognizing envirtahehanges, which may lead

to painful situations as well as pain discrimination and pain related afixiéty*®® It is thought to

50



be important in the direction of attention towards pain percefitiothe PO contains the S2 which
interconnected with the insula, amygdala and hippocampus. The Paghthio be important as a
locus for pain perception and attentfitf?’® as well as being activated by pictures of painful

§74, 375

event and emotional modulation of pain during anticipati@nFunctional connectivity has

been identified between these areas during painful €¥&nts

The IFG, which is close to the insula, and in which areas of activatiodeaddivation can often
overlap, has also been implicated in pain discrimination, attention, araqetyenvironmental
‘threat” monitoring®® % It has recently been shown to be more active when subjects hatvel co
over administration of painful stimuli than when they d®hdthe PO has been shown to be active
during many painful and non-painful sensory stimulafinas well as visual representations of
pairt’ 3> The INS, IFG and PO network is thought to play a role in affective psougand has

been linked to other limbic areas such as the hypothaf&iitis

Anticipation to touch mainly occurs in the anterior insula, whilestigsation itself results in mINS
and pINS activity”. Ploghaus et al have also demonstrated anticipation activity in the ACC, aINS
and cerebellar cortic&S, but this activity was anterior to the activity within these regions gdurin

noxious stimuli.

In patients with somatoform pain disorder who were given painful tdestimuli, increased
activity was found in the alNS, parahippocampus and amygdala whileadedr activity was
identified in the VM-PFC and OFC compared to healthy coriffolin patients with IBS and
fiboromyalgia, bilateral aINS activity has been linked with increasing repostedatic pain
independent of attentidfr. While the S2 activity was correlated with increasing reported visceral
pair’®®. Arterial spin labelling studies of chronic pain in OA patients have demonsiratedse
blood flow to several pain matrix regions at rest, including the INS anguleite cortices,
amygdala, hippocampus, thalamus, S1 and S2 and the brainst@nafiRlAnucleus cuneiformis).

Over several sessions, changes in the perceived pain that participanéxpegiencing correlated
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with activity in the rostral and subgenual cingulate cortex, PF®ISnRaINS, and pre-motor

cortex®

(c) Amygdala, hippocampus and par ahippocampus.
The ACC and insula form part of the affective processing networigaiith the amygdala and
hippocampus regions. Anxiety can influence perception of painhenddtivity in the entorhinal
cortex, which predicts the activity in the mINS (intensity coding) and @eua cingulate

(PgACC) (affective aready.

Activation of the amygdala has also been found to be related to the passitiord of the
anticipatory cu&® The Amygdala has been shown to deactivate during painful cutdfediis®®

and visceral stimulf® ¥ 3% However, activation of the amygdala during pain has also been
found in some studié®¥’ ** Deactivation of the amygdala has been identified in animals and
humans. In both, diversion of attention from the ‘fear of pain’ or ‘active coping’ strategies
decreases the pain experience and emotion circuit activities. This has been seemerous
studies in humans 2% 364 38739 3 recent studf’, lower amygdala activations and subjective
pain experience were seen during active coping with a continuous per@n@sk compared to
inactivity (passive coping). This finding was most striking whsimg the reaction time as marker
of engagement or attention with the task. Amygdala activity also increathe luration of the

anticipatory phase, which was independent of engagement in ti&.task

The deactivation of the amygdala and its interconnectivity with other regiotmught to be
important in chronic pain conditiofis ***, In a study of 28 patients with fibromyalgia (FM) and 14
health volunteers (HV), who underwent subjectively calibrated pressire @ reduction in
connectivity between the rostral ACC, amygdala, hippocampus eaidstem was identified
compared to the healthy volunte8fsThe thalamus also showed little connectivity to other brain
regions in the FM group, but significant connections to the orbittial regions to the thalamus

was identified in the HV. The authors suggested this demonstratedsietesdivation of the brain
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pain inhibitory network in the FM patients and that this was impbitapain maintenance in the

group.

(d) Pre-Frontal cortex

Appraisal is the emotional evaluation of impending stimuli and can leediinto low and high
levels. Low level appraisal is a non-conscious, hard-wire and pre-attentivie, high level
appraisal is conscious controlled and requiring memory and att&fitisttenuated mPFC/ACC
and increased lateral PFC activity during anxiety and anticipatioaiofub events is suggestive of
high level appraisdl®. The mPFC and ACC are importing in evaluation of the self-relevahce
stimuli, emotional awarene$3 and attention to emotional stimiifi **® Regional blood flow has
been found to be decreased during anticipation of painful shocksnimahhealthy volunteers in
the mPFC (Brodma’s areas 10/32 and 24/38) This deactivation were inversely correlated with

self rated anxiety and correlated with midbrain actiity

Control over events, such as self controlled painful stimuli, can iafeeence the perceived
stimulus and related anticipatory anxiety. In self administereébussstimuli, the ACE **" and
the dorsolateral (DL) and anterolateral (AL) PFC demonstrate higher actffasiativation in the
AL-PFC during externally mediated stimuli also correlated with participants’ general belief in

control over their lives in healthy subje®ts

Control and the nearness of threat are thought to be important in thdatrerd of key pain
processing areas and the descending inhibitory pathways. UsingnRit€Rlthy volunteers with
normal and capsaicin treated skin, principal component analysissssiggat the DL-PFC also
modulates activity in the thalamus, ACC, OFC and aINS and perceftjmind. Also, in a maze
pursuit paradigm, where healthy volunteers tried to evade a virtual predatdr would capture
and inflict pain, brain activity was found to alter from VM-PFC to the PAG imcreasing
proximity of the ‘predator’. This shift was greater with increased anticipation of pain. PAG activity

was also correlated with degree of dread and decreased confidence ie fesoamaptur&®,
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Anticipation of a learned pain-stimulus decreases the activity in the ACC an@R@HS. This

may be because less appraisal is needed for stimuli which have alreadydmanayad.

The PFC is also important in expectation and, therefore, the placebo Efifectle of the DL-PFC
in the placebo effect was examined using low level repetitive trans-craniaktitagtimulation
(TMS) to transiently inhibit the right or lefDL-PFC in a heat-pain paradigm. Although pain
experience was not affected the placebo effect was blocked, suggestingEteCOk important in
expectation and anticipation of p&ih Expectations of pain relief via a placebo during visceral
stimulation also correlate with reduced activation of the thalamus, SS,cuiteand DL-PFC
during anticipation and in the thalamus during painful stimulation cosdpd@o the same
participants when given a low expectation of pain relief. Participants whondénaie a robust
placebo effect have decreases in activation in the DL-PFC in anticipation andhanS8 cortex,

thalamus and PCC during painful events compared to participants withdobp effectd™.

(e) Somatosensory cortex.

The somatosensory context has been linked with sensory-disativeipain pathways. However
ipsilateral S2 has been previous implicated in anticipation and is enhapcexpéctation of
pair’’®. Magnetoencephalography (MEG) has been used to assess the SS cortBehasdeen
implicated in sensory and attention to painful stimuli, while in compatiserS2 only occurred
during the noxious pls&’®>. MEG has been used in health volunteers to assess the adtithiy o
somatosensory cortices in anticipation of pain from distension of thelwegpas with an intra-
luminal balloori®? S1 and S2 showed bilateral asymmetrical activations were seen in the Beta
bands. In S1 this was a continued increase during anticipation whithuszhwith the pain but at
a different frequency. Somatotopic representations of touch have been magie®?2 and in the
operculo-insula cortex. Multiple somatotopic pain representations have alsariagp@ed in the
operculo-insula cortex for hand and foot to heat and pin-prick sems&tidfiand for muscular
pair*® % In a study, which characterised individual response to a rarsbethreshold, threshold

and painful stimuli, areas in the somatosensory, amygdala ankh iostices showed linear

54



relationship between activity and increasing painful stinffdfughe aINS and S2 have also been
identified as key pain processing areas in psoriatic arthritis. Mechanicastfpairius results in
activity in the insula, S1 and S2, MCC and thalafffug\fter anti-inflammatory medication pain

intensity was correlated with activity in the aINS and S2, suggeitesg areas are important in

processing pain intensfty.

(f) Cerebelum
Activity in the cerebellum has been demonstrated in many studies of f%i% pre-attentive
detectiofi'® and anticipation of pain (ipsilateral posterior cerebelldth)** Initial fMRI studies
suggested that cerebellar activations were related to the withdrawal behaviotireantbtor

12 However, the

pathways related to this respoff8er to attention, verbal ratings and learririg'
cerebellum is now thought to modulate nociceptive processing widragwharmacological and
electric stimulation in animal models producing exacerbation and attenuatiomiofis stimuf.
fMRI studies have shown different pattern of cerebellar activity to non-painfiil panful

*13 and this is altered in patients with chronic pain stitest is also thought to have a role

stimuli
in affective pain processiff' *** % In healthy volunteers, areas within the cerebellum involved
in processing of aversive heat stimuli and pictures are similar and havesbggested to be

involved in general aversive processing and may involve bothrsesso emotional network¥.

In a recent study in 15 IBS and 12 healthy women, depressioe, sculated from the HAD
questionnaire, correlated with non-painful rectal distension activity in thHéSORIl and VIIB of

the right cerebellum and in the vermal lobule V during painful stimuldfidorBRUS Il and VIIB

are thought to be involved in cognitive procesSihgAnxiety was also correlated with CRUS |l
activity in non-painful distensioffS. The cerebellum has also been implicated in chronic pain and

associated psychiatric disord&fs
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(g) The ‘default mode’ network
Another theory for chronic pain is a failure of the brain to shifinftbe resting state default mode
network to allow appropriate anticipation and modulation of emotional wiogesThis has
previously been shown in IBS, where slow ramp tonic distensionk nesncreased activation of
the insula, ACC and VM-PFC, and less deactivation in the VM-PFC, &@Crecuned?®. This
suggests that IBS patients have an inability to shift from the defeude network and modulate

emotional responses to visceral distension, unlike healthy volutifeers

The pACC has previously been implicated in pain cofittoln a recent study it has also been
found to be correlated positively with activity of the DMN in reststgte$'® In a study by
Minassian et al 2012, 20 right handed subjects received electrical shocks tigttidivrearnt'’.
This group demonstrated several DMN areas which were deactivated theianticipation phase
of the study and subsequently became active during the phwise. These areas include the

bilateral precuneus, PCC, hippocampus region, bilateral angular gyri arfelROM

In a separate study of 20 healthy subjects, the default mode netvesriassessed during rest
anticipation and pain states. A CHEP Medoc system was used to give a Easpalse to the
right forearm in 61 patients. Deactivation of classical DMN areas such asmBfeC,
parahippocampus, precuneus and lateral temporal cortex, as well as nicalcdasas such as the
pre-motor area, contra-lateral S1 and M1 and the superior frontal weme also seen on fME]
Interestingly the group showed that there was greater range of deactattilmwer rather than
higher pain thresholds and postulated that this was the result of ‘preparation for escape from
pain/*® However other groups have found the opposite, where increasiegignding cognitive
tasks and pain result in increased attention and decreased DMN &¢tiltityhealthy volunteers
and in FD similar regions deactivate during gastric distensions incladariigdala/hippocampus,
ACC, PCC and precuneus, dorsal and ventromedial PFC, occipital atedigroeemporal lobes.

These similarities suggest that in health and disease there is a shift from the ‘default-network’ to
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attention on the pain stimulus. Anterior MCC has been shown to be activated andH\BS

during intestinal distensidtr “*and has been correlated with anxiety and fear offain

2.2 Hypotheses and aims of this study

2.2.1 Aims
The aims of the study are to determine differences in cortical andostibal pain processing to

thermal cutaneous stimuli in painful DD with comparison to non-painful BiDIBS.

2.2.2 Hypotheses

e SDD participants with a past history of acute diverticulitis will show peripheral
hypersensitivity as demonstrated by greater activation of the S1, andA2 and pINS
compared to asymptomatic DD and IBS participants.

e Painful DD with low PHQ12-SS scores will show enhanced response to painful
stimulation of the foot (L5/S1) but not of the hand (C7/8)gyg=sting only localized
hypersensitivity due to somato-visceral convergence

e Painful DD with high PHQ12-SS scores will show enhanced responses tlul pain
stimulation in both regions similar to IBS participants, suggesting wieadpor global
hypersensitivity due to hyper-vigilance or derangement of the DNICs

e Participants with IBS will demonstrate greater activation of affective andarawmeas
similar to SDD patients with high PHQ12-SS scores suggesting a greadtioreth
engagement in pain processing. They will also demonstrate globalsbygpiivity to
stimuli as suggested by previous studies.

e IBS and DD participants with high PHQ12-SS scores will have similar anticipatory
responses to pain compared to non painful and painful DD with low PHQot@sswith
evidence to suggest derangement of DNIC

e A high PHQ12-SS and Pain catastrophizing score in participants will be associated with

greater activation of affective and arousal areas to somatic stimulation
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2.3 Methods

2.3.1 Study approvals

This study was assessed and approved by the Regional Ethics Confidottaggham committee

2: REC Number09/H0403/43.) prior to commencing. The study was performed to GCP principles
and sponsored by the University of Nottingham. The study fwaded by a Wellcome Trust

research training fellowship.

2.3.2 Power calculation

Based on the literatut€ and our previous work using rectal barostat distei$jom= 12 subjects

are required to show a >30% functional MRI difference in viscerabtiensbetween groups which
we considered clinically significant. We therefore aimed to recruit 20 subjeechn group to

allow for possible 25% dropout and for scans excluded becausetiohrartifact.

2.3.3 Participant recruitment

Study participants with IBS, ADD and SDD were identified and recruited frostrajatestinal
medicine and surgery clinics, databases of patients held at the NDDC, who evealigy
expressed interest in participating in research and local newspaper anadvmrss using
standardized adverts, letters and information sheets. Participants who respmritiedinitial
approach were contacted by the author by phone. The participants’ gastrointestinal diagnosis and
initial screening for inclusion and exclusion criteria (S&ppendix 6.1) was performed by
structured telephone questionnaire and consultation of hospital and generalopeactiicords,
after obtaining the participant’s written consent. All suitable participants were invited to a study
day. This one-off visit lasted 3 hours in duration and participesteived an inconvenience

allowance of up to £100.

Participants attended the Sir Peter Mansfield Magnetic Resonance Centre at the Unifrersity o
Nottingham on 1 occasion, having completed validated questionnaires on gastrainkesiits,

hospital anxiety and depression scores, PHQ15 and pain catastrophizing saore ahédr night

58



before. None of the participants’ usual medications or food were withheld before the visit except
for ondansetron (IBS participants), which has possible central effects alihawve altered the
brain responsé&€. Medical and MRI screening was rechecked and written consent was obtained on

the day of the study. Participants’ height and weight were also assessed.

2.3.4 MRI scanner and Medoc Peltier device

All MRI was carried out on a state-the-art, research dedicated Philips Achieva 3T MRI scanner,
sited at the Sir Peter Mansfield Magnetic Resonance Centre (Figure M2Nlafloc PATHWAY
Pain & Sensory Evaluation System (Medoc, Israel) was used for thstimalation of the hand
and the foot (Figure M2.1b). This was equipped with a fMRI-coiblgaCHEPs (Contact Heat-
Evoked Potential Stimulator) thermode probe (Figure M2.1c), with ar@7diameter thermode
provided with a 10 meter cable and a filter that could be passmahyththe Faraday cage walls of
the scanner room. The thermode was placed on the back of thédndodt) of the patients and
maintained in place with its own Velcro strap and an additional sized tubbgnigage (NHS
supplies: D, E and G sizes, Supplies Codes: 1437, 1434, 1439, NHS catalogc@ad€17,

EGA019, EGA023) as shown in Figure M2.1d.
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Figure M2.1: (a) The Philips Achieva 3T MRI scanner, sited at the Sir Peter Mansfield Magnetic

Resonance Centre. On the scanner bed the 8-element parallel imaging head loeiseen. On top
of the colil there is the mirror that allowed patients to look at a screere whercue signal was
projected during the fMRI runs. (b) The Medoc peltier device. (@ Nledoc fMRI compatible

CHEPs thermodeThe copper disk is the part that was placed in contact with the patients’ skin,

held in place by the black Velcro strap and a tubigrip bandage as shadyn in (

2.3.5 Sensory testing and thresholds

Sensory testing was performed on the dorsum of the left hanfoahdsing the Medoc fMRI
compatible pathway system. All testing was undertaken in the anterotime &fhilips 3T MRI
scanner. Participants were positioned in a comfortable chair, orientated awayCH&EPS
computer screen to prevent confounding. Participants were made comforttibltheir arm

supported on a table padded with pillows.
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To measure limits of sensory threshold, Medoc designed softwareseds Patients were given
verbal instructions with demonstration as the CHEPs probe increased tenegpbyaf€/second

from 32C to a maximum of 5%. Once the response unit was activated the temperature of the
probe rapidly decreased to baseline®(32 Reassurance that the probe would not damage the skin
was also given. Initially, for the first 4 temperature trials, participants wekedat press the
response unit when the temperature ‘started to become painful’. Average temperature, variation and
standard deviation and a visual analogue score (VAS) of the pain inteutsitf/aboscore of 10 were
recorded after completion of the trials, with 0 being ‘no pain’, 1 ‘slight pain’ and 10 ‘severe pain’.

The 4 temperature trials were then repeated, but participants were asked to activaspdhse

unit when the could ‘no longer tolerate’ the temperature increase and response data was recorded

as before.

To measure responses at set temperature, participants were asked to scope@® lgeat pulses.
The heat pulses were all at a set temperature and 5 seaahstion, with 5 seconds ‘rest period’
between each at a baseline ofG5After 3 heat pulses were delivered participants were asked to
rate the pain intensity using the VAS. A further 3 pulses were then deliveredlifferant
temperature and the scoring repeated. Participants were deliberately not told theatien@mpf
each three pulses or if the next set of temperatures would ker biglower than the preceding set.
They were advised only that they could give a VAS score for eacs8spwhich was the same,
greater or less than previous. The 3 pulse blocks testing was continueal VA score of 67

was given or the participant requested to stop i.e. they did not want Hightmpulses to be

delivered.

2.3.6 The ‘VAS temperature’

The temperature at which the subjects rated the pain intensity at a VAS score af Was
designated as the “VAS temperature’ and this temperature was used as individual threshold for the
following study paradigm. This temperature threshold will be referredthtoughout this

dissertation as “VAS temperature’.
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A 2 minute ‘test run’ check was then performed to confirm that the VAS temperature scores were
reproducible for that given individual and to assess if a standard temmperd#5C could be used
for the subjects a. This was achieved using a 2 minute protocoltoapsifour 5 second stimuli
(two VAS and two heat pulses at’@j. These heat pulses were separated by a 25-30s second rest
period. Participants were advised that the stimulus would be similawde they would experience
when in the scanner and that the stimulus was supposed to be ‘painful’. They were told that in the
scanner they would need remain still to reduce movement artifact and that this ‘test run’ was to
ensure the temperatures used for the heat pulses could be tolerated. ssdrdSvas taken at the
end of the 2 minute protocol for the participants overall pain intensitygrdfi participants could
not tolerate either temperature, they were adjusted down @ arfd the protocol repeated until a
tolerated temperature was selected. At least0difference between the VAS temperature and the

45°C or adjusted temperatures was maintained for the study paradigoofgoto

2.3.7 Scanning protocol
(@) Participant positioning and instruction
Functional MRI images were obtained using a 3T Philips Achieva scann&-amhnel SENSE

dedicated brain imaging coil (Figure M2.1).

(b) Visual cues

All participants received standardized verbal information about the scanner dgdastl were
shown the scanner. The receiver coil around the head of the sulsi@as im-built mirror (Figure
M2.1a) that allowed them, once positioned in the scanner, to see diprogareen in front of the
magnet bore, which is commonly used to project visual stimuli amolétnuctions during fMRI
studies. In this study the participants were instructed to look at a sm&kttalss projected on the
screen. This would change to white cross to give a visual ‘cue’ prior to any heat stimulus. The
visual cue formed an important part of the paradigmgmess would allow analysing the data for

anticipation of pain.
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Participants were asked to pay attention to the screen and to the heat stimenudelivered.
Participants were given ear plugs and headphones to damperttdolond noise arising from the
running imaging sequence and positioned supine on the schedewith the CHEPs probe
attached to the dorsum of the left hand or foot as for the sensory testing. The scanner ‘nurse call’
alarm button was placed the participant’s right hand in case they needed to call for attention. No

music or other verbal stimulus was provided during image acquisitions.

(c) Medoc Peltier paradigm and fM RI image acquisition

Firstly, a set of T1 weighted scout images were taken to allow planniting afnaging study and
an automatic calibration scan was run to set up the 8-element parallel receiveoihesiter this,
a 2 minute training paradigm was performed. This allowed the participaettone familiarized
with the scanner environment, to see the ‘cues’ on the screen and to receive two 5 sec heat pulses,
similar to what they would experience during the actual study experifieistallowed also the
research staff to confirm that the scanner, presentation computers and GHE&S Pathway
system were set up and synchronized correctly (Figure M2.2). The patscipare then asked to
give a prediction of the VAS rating they would give at the end of the geltter paradigm. The

main study experiment was then commenced using 1 of 2 stualigaas as described below.

Two pseudo-randomized peltier paradigms were designed (Figure).MA& designs of the
paradigms were based on our previous barostat parafifgrather sensory studi€s “** and
sensory testing guidelines form the German research network oopathic paif® “?¢ Each
contained five 5 second ‘VAS temperature’ heat pulses and five 5 second ‘45°C’ (or equivalent as
described above) with 253 seconds ‘rest’ period between each ‘cue’ and heat pulse. Prior to each
heat pulse a 5-12 second vikulaue’ was given. Within the paradigms there were also two
additional blank (no temperature stimulus) 5 second periods preceded by a short 2 second ‘cue’.
These ‘blanks’ were designed to reduce the participant’s ability to predict the subsequent heat
pulses (Fig. M2.3).The sequence of timing of the cues and sfonach paradigm can be found

in Appendix 6.2.
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Figure M 2.2 Set up and inter connections between computer systems
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Each paradigm lasted 8-9 minutes. After each paradigm the Medoc CHERsha®bepositioned
to the other site, e.g. the hand or foot, and the either paradigm Tamrdenced. After the 2
paradigms were completed, i.e. 1 on the hand and 1 on the foot, tlgpaats were removed
from the scanner and given a 15 minute break where they codlifizeaaround the department
and drink water. They were then returned to the scanner for a fpdhadigm on the hand and

foot and acquisition of a MRI structural image that would be later usethfa processing.
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The imaging module used for the thermal stimulation study was a simgfieg®uble-echo echo-
planar imaging (EPI), with a matrix of 80x77 and 40 slices coveriagvtiole brain with no gaps
between slices. The resolution was isotropic 3 mm x 3 mm x 3 mm and/Ad&mid scans (7,080
images in total) were acquired during one single run on the footeohahd. The images were
originally from transverse plane but the stack was tilted along the A@#Cwhich helped

minimising orbitofrontal artefacts from the nasal cavity. The g@ameters were repetition time
TR=3s, echo times TE= 25ms and 50ms, fat suppression SPIRDafiipp&ngle. The anatomical
images acquired at the end were sagittal T1 weighted MPRAGE, 256x256, hafriglices with

no gap between them, 1 mm x 1 mm x 1 mm isotropic resolutiogtjtiep time TR=8.2 ms, echo
time TE= 3.8 ms and 8° flip angle. This sequence lasted 4-5 minttesordier of the stimulation
site (e.g. hand or foot) and the paradigms e.g. paradigm 1 oor2¢ath participant were

randomized prior to commencing the study to avoid order effects.

2.3.8fMRI Image processing

All fMRI images were analyzed using SPM8 (Wellcome Trust Centre for diteaging
University College London [UCL], UK). Details of analysis methods lbarfound inAppendix
6.4. Images were corrected for movement and slice timing and normalizad Pl template,
following by smoothing (8mm kernel). Box-Car general linear ehg@LM) was used for the heat
stimuli and cue. Each model was convolved with canonical haemmilyra@sponse function
(HRF). Individual motion parameters for each paradigm and subje& wsed as no interest
covariates in the GLM. Blank stimuli were not included within the analysist [Ewvel fixed effects
analysis was performed for each participant. Motion parameter, image qualiyuesiibnnaire
data were assessed for each participant and incomplete or poor quality datasets ouexe firexm
further analysis, leaving 14 subjects per group (&ppendix 6.3 for further information on
subject selection)Second level random effects (RFX) analyses at the group level for the ‘VAS
temperature’ pulses (FDR [false discovery rate] corrected for multiple comparisons at p<0.05,

voxel threshold 5) and for the cue (uncorrected p<0.001, voxadttbid 5) were performed.

65



Figure M 2.3 Paradigm design

(A) Basic Paradigm design and Key

Cue: change in cross colour
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Temperature pulse 25-30 secs
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Temp. producing score Heat pulse set at 45°C Anticipation light only
of 6-7 on VAS scale (or adjusted) 2 secs to heat pulse
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(B) Paradigm designs

Paradigm 1:

Paradigm 2:

sadaalladals.
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Figure M 2.4 Study Sequence

Sensory testing on Hand and Foot

(Randomised) 30-60 min
Placed in 3T MRI scanner
Set up scan
Medoc Peltier and Screen .
30 min

test run(2minute test)
Paradigm on Hand or Foot

Change probe position
Paradigm on Foot or Hand

¥
| 15min

Placed in 3T MRI scanner
Set up scan
Paradigm on Hand or Foot 30 min
Change probe position
Paradigm on Foot or Hand
Anatomical image

2.3.8fMRI Image processing (continued)

Further analyses were performed, including 2 sample t test of resporesgebatween the hand
and the foot within each group, and the ‘VAS temperature’ and ‘cue’ events on the hand or foot
between groups. Analysis of covariates of interest, including VASgaturing the study, VAS
temperature used, anxiety and depression scores on the HAD questionnaire, abotal p
catastrophizing score, age and body mass index (BMI), was also perfdRegidns of interest

were identified for each analysis using the PickAtlas (version 2.4).

2.3.9 Statistical Questionnaire analysis

Participant questionnaire data was stored on Microsoft Office Access RIEDgoft USA) and
transferred to SPSS (version 15, IBM, Portsmouth UK) and Graphizm ®fersion 5, California
USA) for further analysis. Continuous group data was compasieg nonparametric t test (Mann-
Whitney U). Significance of correlation between pain intensity ratifnts questionnaire data was
assessed using Spearman’s rank coefficient. Statistical significance was considered at a p <0.05

level.
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2.4 Results

2.4.1 Recruitment and demogr aphic results

(@) Participant Recruitment
The study started recruiting in February 2010 with the first participabetecanned in March
2010. Unfortunately the original Medoc Peltier CHEPS pathway systderemifa fault and a new
Peltier was purchased from Medoc Israel. Therefore the first participant weredda May 2010.
Participant recruitment was challenging and only 1-8 people recruitadqreh over a total of 19
months. Recruitment rate is shown in figure R2

Figure R2.1 Recruitment rate
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Recruitment Duration

426 Potential participants, identified from clinics, advertisements and endosstypwdire sent
standardized information about the study leading to several enquiries and 74 gdgitiping
recruited. Reasons for volunteers declining or being excludeddesticipating in the study can be

seen in figurdR2.2.
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Figure R2.2 Flow diagram of participant recruitment

Advertisement

122 sent information 160 sent information

Study Day

Endoscopy

n=1570

144 sent information

Commence study
n=74

Not Suitable or Withdrew
Age
Distance travelled
Obesity
Left handed
Lost to follow up
Sensory alteration
Medications e.g carbamazepine, gabapentin

Withdrew after start:
2 Prior to enter MRI
1 Mid way through study

Completed Study
n=71

3 participants withdrew from the study: 2 after the sensory testuhdpefore scanning and 1 at the

break after the first scanning session

(i) Demographics

74 participants took part in the study with 20 in the asymptomab®], 18 in the IBS and 36 in

the SDD group. The distribution of PHQ12 scores within the SDD group wsass&sl and the

cohort divided into 2 subgroups: one with a total PHQ12 scored less al teqé (n=19, low

symptomatic or LSDD) and one group with a score greater or equghtdl7, high symptomatic

or HSDD). Demographic data for all the groups can be seen inR2dle
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Table R2.1 Demographics for all participants

Groups ADD | LSDD (PHQ<6) | HSDD (PHQ >7) IBS
All subjects N=20 N=19 N=17 N=18
Female 50% 63.2% 70.6% 77.8%
Previous Diverticulitis | 10% 36.8% 29.4% 0%
PMH psychiatric 25% 15.8% 17.6% 50%

After analysis of questionnaires, MRI motion plots and images derived ftdevel analysis for

each participant, several participants were excluded from further analysis. Gobups

participants were created for each group based on the most complete data sels.adaiédile of

subjects and reasons for exclusion can be se&ppendix 6.3.

Demographic data for this subset, which underw&hie2el RFX group analysis, is shown in table

R22

Table R2.2 Subset group demographics

fMRI Analysis groups | ADD LSDD (PHQ <6) | HSDD (PHQ >7) | IBS
(n=14)

Female 42.5% 57.1% 78.6% 78.8%
Previous Diverticulitis 0 50% 35.7% 0
PMH psychiatric 28.6% 7.1% 21.4% 42.9%

Further demographic analysis of the subset group included agéMindnd are shown in figure

R2.3. Non-parametric t test (Mann Whitney U (MWU)) was used to configmifgtant differences

between groups.
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Figure R2.3 Subset group age and BMI

(Red bars on the BMI graph represent normal BMI ranges according to WWAmdth
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2.4.2 Questionnairesresults

(i) Participant gastrointestinal symptoms
Pain duration was divided into pain lasting greater than 24 hourpaindasting less than 24

hours.

(a) Pain lasting >24hours
Both SDD groups reported pain lasting longer than 24hours mongefrdyg than compared to the
ADD and IBS groups (Figur&2.4). The incidence of pain lasting greater than 24hours (figure

R2.4) was also increased in the High SDD (PHK) compared to the Low SDD group (PHQ<6).

Figure R2.4 Graphical representation of Incidence of Pain lasting >24hours reported on

guestionnaire by group over 1 year.
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(b) Pain lasting <24hours

For pain lasting less than 24 hours, there was a significant diffeirettoe incidence and duration

of pain between the ADD and both SDD and IBS groups (RBI8)

Table R2.3 Incidence of Gastrointestinal symptoms reported on questionnaire per qreuf
year excluding pain lasting > 24 hours which was assumedpt@sent diverticulitisNote the

greater frequency and more prolonged pain in SDD compared to IBS.

I K

Median ISRt Tj i)
Days per month of (0-11) (5-28) (3.3-12)
pain
(<24hrs) (igr)
Median Pain 0 1.5% Gitt 2.5kt
duration (hrs) (igr) (0-5) (3.4-24) (0.8-12)
Median 1 0.5 2 0
GP visits in last (0-4) (0-8) (0-3) (0-10)
year for bowels
(range)
Median:Bowels 2 1.5 2 il
open/day (0.64-3) (0.57-4) (0-4) (0.29-4)
(range)

Loose motions 1 0 2 1.5
(days/week) (igr) (0-2.75) (0-2) (0-3) (0-2)
Hard motions 2 1 1.75 i
(days/week) (igr) (0-3.38) (0-2) (0-2.13) (0-2.5)
Tenesmus 0 0 1 it

(days/week) (0-1.5) (0-2) (1-2) (0-2)
(iar)
Blood per rectum 64.3% 14.3% 42.9% 28.6%

Add vs group * p<0.05 ** p<0.001 *** p< 0.0001
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(c) Bowel habits

The median number of time the participants’ bowels were opened and the incidences of hard or
loose stool were similar between all the groups. There was a trenchésntes in the high SDD
group, but it did not reach statistical significance. However the High SRDIBS did report
significantly more bloating compared to the ADD group (FigRBb), but there was no statistical
difference between the SDD (p=0.0818) or IBS groups (Low SDD2080 and High SDD
p=0.5985). The incidence of bleeding was also different between th@sgraith 64.3% of
participants in the ADD group reporting bleeding during the last year comfmady 14.3% in

the low SDD and 42.9% and 28.6% in the high SDD and IBS groups respe(inmaR2.3).

Figure R2.5 Graph representation of the incidence of bloating per week reported oroquast

per group over the last year.
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The median number of GP visits and the range is shown inR&8e No statistical difference was

identified between the groups.

74



(ii) Participant psychological questionnaireresults

(@) Physiological health questionnaire 12 (PHQ12)
This questionnaire was used to divide the SDD group into low (<6) and high (>7) scorers for
further analysis. The graph (figuR2.6) shows PHQ12 score for the IBS and the ADD groups as a
comparison to the SDD groups. The red bar marks the cut off bettheetwo SDD groups.

Statistical significance was calculated using a non-parametric t-test (MWU).

Figure R2.6 PHQ12 scores per Subset analysis groups
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(b) Hospital Anxiety and Depression score (HADS)

Figure R2.7 Hospital Anxiety Depression Score
The graphs show the (A) Anxiety and (B) Depression Sub-score.efheroken line indicates the

cut of between normal (below) and clinically significant anxiety and deprestiond).
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(c) Pain Catastrophizing Score (PCS)
Pain catastrophizing score distribution for each subset group analysi|mwn in figureR2.8.

Significant difference in the total scale was identified between the low an&biDhgroups.

Figure R2.8 PCS per Subset analysis groups
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Multiple significant correlations were identified between the PHQ12, HAD, an& PC

questionnaires and age of the subjects (TR2ld).

Table R2.4 Correlations between questionnaires and ages of subjects

PHQ12 HAD anxiety PCS total
HAD anxiety 0.4531 NA NA
Tp<0.0001
PCS total 0.2142 0.2132 NA

Tp=0.0024 T p=0.0049

Age 0.3080 0.1598 0.07182
‘I!p<0.0001 ‘l’ p=0.0195 ‘l’p=0.0423
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Sensorytesting prior to scanning paradigms resulted in identifying a ‘VAS temperature’ which
consistently gave a VAS scores between 6 and 7. Despite this there was a viriegjported
VAS at the end of the study paradigms themselves. This may havetdhedtered stress and
anxiety caused by being in the scanner itself and was difficult to peedtiatontrol for There was
also strong correlation between the VAS scores given at the end of eachmpdmdige hand and

the foot (FigureR2.9: r2=0.8425, p<0.0001)

Figure R2.9 Correlation between Foot and Hand VAS scores.

10-

Mean Foot VAS

o 1 1 1
0 2 4 6 8 10

Mean VAS hand

However there was no significant correlation between the ‘VAS temperature’ used and the VAS
score for the hand or foot when compared with age, BMI, PCS scaepogssion component of
the HAD questionnaire. There were no significant correlations either with. Bliginificant

correlations are shown in talfR2.5
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Table R2.5 Correlation between Patient demographics, Questionnaires, VAS score during the

paradigms and Vas Temperatures.

T positive correlatior¢ negative correlation, n.s. not significant.

Temp C) | PHQ12 HAD: HAD: PCS Age
Anxiety Depression
r’=0.1025 | r’= 0.05660 | r*=0.05986
VAS Hand n.s n.s. n.s
lp:0.0109 ?p:o.659 ?p:o.o403
r2=0.1579 | r’=0.05002 | r°*=0.04672
VAS Foot n.s n.s. n.s
lp:o.0043 $p=0.2247 1 p=0.0759
HAD r’=0.4531
n.s.
Anxiety 4p<0.0001
HAD r’=0.2509 | r°=0.3972
n.s.
Depression 4$0<0.0001 f p<0.0001
r’=0.2142 | r°*=0.1598
PCS n.s. n.s.
$p=0.0024  p=0.0195
r’=0.3080 | r’=0.1598 | r’=0.09445 | r°=0.07182
Age n.s. l
lp<0.0001 p=0.0195 lp:0.0112 lp:0.0423
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2.4.3 Sensory testing results

TableR2.6 demonstrates the median and inter-quartile range (IQR) of the temperatures $etected
the VAS temperature heat pulses and the mean VAS scores given at the congpletioh study

on the hand or foot. Although there was a trend for lower ¢eatpres and higher VAS scores in
the SDD and IBS groups for both the hand and foot, this did not mgwificance. There were
also no significant differences in VAS temperatures used or VAS scoresdpetiae hand and feet

within each group.

Table R2.6 Median VAS temperatures and scores per group

Group Hand Hand Foot Foot
Median Temp. (°C) Median VAS Median Temp. (°C) Median VAS

(IQR) (IQR) (IQR) (IQR)

ADD 45.40 6.0 45.50 7.25
(43.50-46.75) (4.75-8.13) (43.38-46.00) (4.88-8.50)

LSDD 43.75 7.5 43.50 6.75
(42.50-47.00) (4.95-8.00) (42.00-46.63) (6.00-8.50)

HSDD 43.75 8.25 43.75 7.50
(41.88-45.75) (6.00-8.50) (41.88-44.88) (5.63-8.75)

IBS 43.75 7.25 44.50 7.75
(42.38-45.63) (6.00-8.50) (43.13-46.13) (6.38-8.00)

As participants stopped sensory testing once a VAS score of 6-7 was idethidieglationship
between VAS score and temperature is difficult to represent graphically. diegrafcumulative
median has been created where the previous VAS scores for lower tengzeaatuadded to the
subsequent VAS score for the next temperature tested i.e. (ADD: mead0/Agean VAS 41 +

mean VAS 42 etc) (Figuieg2.10 (a) and (b)).
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Figure R2.10 Cumulative VAS score per temperature used in sensory testing per agailygiga)
and for all participants (b).
(@) Median Cumulative Vas score per temperature for Hand and Foot per anabygis g

(n=14 per group)
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(b) Median Cumulative Vas score per temperature for Hand and Foot for all patsSc{pRas

N=18, ADD N=20, LSDD N=19, HSDD N=17)
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2.44fMRI Results

Both the VAS temperature and thH5°C’ temperature components of the paradigm were planned
to be used in for the analysis. This would have given functimaath comparisons for the groups at

a consistent level of pain (VAS temperature stimulus) and at a consistgueratune (45C
stimulus). Unfortunately during the duration of the studwas found that few subjects were able
to tolerate the 4% stimulus and this had to be adjusted to allow any imaging tbtained. Thus

the analysis performed is only of the VAS temperature.

Despite this the study still generated a very large amount of fMRI resulsuamdarising these in
a comprehensible format suited for this dissertation was a challenge in Eselthis purpose the
main fMRI results were summarised here in tables subdivided by rfsictional (e.g.
somatosensory, affective) and then anatomical (e.g. S1, anterior indu&fteor right hemisphere)
area. Activations and deactivations were then represented per patient group by arrows (1 and |

respectively).

(i) Group map descriptionsfor hand and foot stimuli

Table R2.7 Group Maps

2" level random effect analysis of 14 subjects per group (FDR [Eiss®very rate] corrected,
Voxel Threshold 5). Below are simplified results showing activations (1) and deactivations (|)
within different brain regions for the VAS heat stimulus to theflaft (A) or hand (B) for each
group (FDR corrected p<0.05) using a temperature which was rafedr5 10 point visual
analogue scale (VAS temperature. Areas which included both activationseaativations are

represented by|. Most consistently activated areas are highlighted in yellow.

Key: SMA: Supplemental Motor Area, PFC prefrontal cortex, ACC, anteriogutiite cortex,
MCC mid cingulate cortex, PCC posterior cingulate cortex, S1 primary ssemsary cortex, S2
secondary somatosensory cortex, Motor, Primary Motor cortex. DNIC désgendciceptive

inhibitory or facilitatory controls.
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TableR 2.7 (A) Activations (1) and deactivations (|) for the VAS heat stimulus to the left foot

using a temperature which was rated 6-7 on 10 point visual analogué\s&3léemperaturg

Side ADD LOW SDD HIGH IBS

SDD
L
Somatosensory R
o S 1 1
R |t | f 1
Somatosensory Post-Ins IF_2
Mid-Ins L 7 7
R 1 1 1
Affective L 1 1
Ant-Ins
R |1 1
Affective AEE L ! !
R T
Affective YIEE L 7 i
R 111 1 1 1
PCC L L
R
Affective Vil BG L ! I !
R 1 !
DNIC i FEE L 1 Tl Tl T
R T T ! !
DNIC Orbito-FC L ! !
R
Somatosensory Lentiform Nuclei and Thalamus L f ! [
R 1 ! ! !
Affective Amygdala L ! [ i
(Hippocampus) R l Tl
Cerebellum L f ! ! I
R 1 | 11
. . L 1 4
Inferior Parietal R
L (IR Tl T
T al
empor R ! -
M otor L
R
SMA L
R I I
Somatosensory  Post-central L ! ) I !
Gyrus R 1 1 !
DNIC Subthalamic/ Brainstem 1 1
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Table R2.7 (B) Activations (1) and deactivations (|) for heat stimulus to the left hand using a

temperature which was rated 6-7 on 10 point scale (VAS temperature stjniNdtes the pattern is

very similar to that seen with foot stimulus.

Side ADD LOW SDD HIGH IBS

SDD
L
Somatosensory R
L T T
R 1 1 1 1
Somatosensory L
R
L 1 T
R i 11
Affective L 1 1
R 1 1
Affective ACC L
R 1
Affective MCC L 1 1 T
R T
PCC L T
R
Affective Medial PFC L ! l l !
R 1 !
DNIC Lateral PFC L Tl Tl Tl !
R (R ! T
DNIC Orbito-FC L ! ! !
R ! !
Somatosensory Lentiform Nuclei and Thalamus |8 Tl i} 0
R Tl 1 1
Affective Amygdala L ! ! I
(Hippocampus) R 1
Cerebellum L 1 1 i Tl
R ! 1 1 11
Inferior Parietal L i i i
R
Temporal L ! 1 I
R ! 1 !
M otor L
R
SMA L i ! !
R 1 ! 1
Somatosensory  Post-central L ! Tl ! I
Gyrus R ! ! 1 T
DNIC Subthalamic/ Brainstem 1 | 1] 11
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(vi) Intra-Group Analysis: Differ ences between hand and foot VAS stimuli
Below are simplified fMRI results of 2 sample t test comparing activations (1) and deactivations
(}) when the VAS temperature stimulus is appltecthe left handor left foot (R29 A and B;

uncorrected p<0.05). Most consistently activated areas are highlightelion.y

Table R2.8 (A) Hand > Foot VAS Stimulus

Areas where activations and deactivations are greater in the left hand thanéft foot.

Area Side ADD LOW SDD HIGH IBS
SDD
L
Somatosensory R
L 7 !
R |1 1 1
Somatosensory  Post-Ins L
R 1
Mid-Ins L
R
Affective Ant-Ins L
R
Affective ACC L 1 i} 1
R 1 ! 1
Affective MCC L i}
R |1 i 1
PCC L !
R
Affective Medial PFC L 1 i} Tl
R 1
DNIC Lateral PFC L ) l
R |1 1 1
DNIC Orbito-FC L !
R
Somatosensory Lentiform Nuclei and Thalamus |8 l
R 1
Affective Amygdala L i} ! i} l
(Hippocampus) R || ! ) !
Cerebellum L Tl 1 1 0
R 1 !
Inferior Parietal L 1
R
Temporal L ! ! i} l
R ! ! ! !
Motor L
R
SMA L 1 1
R ! 1
Somatosensory  Post-central L
Gyrus R 1 1 1 1
DNIC Subthalamic/ Brainstem | | l
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Table R2.8 (B) Foot > Hand VAS Stimulus

Areas where activations and deactivations are greater in the left foot tHafi tiaand.

Side ADD LOW SDD HIGH IBS

SDD
S1 L
Somatosensory R
S2 L
R 1
Somatosensory  Post-Ins L 1 1
R |1 1 1
Mid-Ins L
R 1
Affective Ant-Ins L T
R 1
Affective ACC L 1 1
R 1
Affective MCC L 1 1
R 1 1
PCC L
R !
Affective Medial PFC L l )
R 1 !
DNIC Lateral PFC L ! ! 1
R 1 l
DNIC Orbito-FC L
R 1
Somatosensory Lentiform Nuclei and Thalamus @S 1 1
R |1 1 1 L
Affective Amygdala L 1 1 1
(Hippocampus) R 1 l
Cerebellum L 1 l 1 1
R !
Inferior Parietal L
R
Temporal L 1 1 ) 1
R |14 1
M otor L
R
SMA L 1
R |1 1
Somatosensory  Post-central L i}
Gyrus R | ) L
DNIC Subthalamic/ Brainstem 1 1 0
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(vii) Inter-Group Analysis: Differences between hand and foot response to heat rated 6-7

on a 10 point scale (VAS temper ature stimulus)
Below are simplified fMRI results of 2 sample t test comparing activations (1) and deactivations
(1) between the ADD and other groups in the Foot (A) or Hand (B) when the VAS temperature
stimulus is applied (uncorrected p<0.05) (TaB29). The table is split into two parts. The first
three results central columns are areas where there is a significant prolbiadlagtivations and
deactivations are greater in the ADD group compared to the others groups XADDthe
following three results columns on the right are areas where theregsiféicant probability that

activations and deactivations are less in the ADD group compared to the othgas @>ADD).

Further lelow are simplified fMRI results of 2 sample t test comparing activations (1) and
deactivations (|) between the IBS and SDD groups in the Foot (A) or Hand (B) when the VAS
temperature stimulus is applied (uncorrected p<0.05) (TRBI&0). The table is split into three
parts. The first two results columns on the left are areas wheregtesggnificant probability that
activations and deactivations are greater in the IBS group compared t8Die groups
(IBS>SDD). In the two central results columns are areas where there is fecaigrprobability
that activations and deactivations are less in the IBS group compared ®Dibegroups
(SDD>IBS). The third two results columns on the right compare thefisamti differences
between the SDD groups, where the probability of (de)activationsasegrin the Low SDD group

(LSDD>HSDD) or the High SDD group (HSDD>LSDD).

The brain regions that have been used to create these tables can be large anchaoyntsinaller
subdivisions e.g. the thalamus is made of multiple nuclei. Therefe@me comparisons between
the groups significant activation can be identified within both grauesn compared to the other.
For example in table R2.9(A) activation are seen in the S2 region i @taps. This means that
different parts of the S2 region was signifidgrdactivated, which can be seen in the more detailed

tabulatedco-ordinate data presentedAppendix 6.5.
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Table R2.9 Inter-Group Analysis: Differences between brain activations to VAS temperatur
stimulation of the left foot (A) or left hand (B) for differemogps compared to ADD grouplany

areas showed greater activation in SDD and IBS

(A) Foot Vas Temperature

Side ADD> ADD> ADD> LSDD> HSDD> IBS
LSDD HSDD IBS ADD ADD ADD

L
R
L ! 1 1
R 1 1 1 1 1 1
L !
R 1 7
L 1
R i)
L i) 1
R 1 1
ACC L 1 1 T
R 1 1 1
MCC L 1 ! I
R 1 1 1
PCC L 1
R
M edial PFC L ! 1 ! ! !
R ) 11 T
Lateral PFC L ! Tl T T Tl
R 1 ! 1 1 1
Orbito-FC L 1 I
R 1
Lentiform Nuclei and B 1 1 Tl
Thalamus R 1 ! 1 1 1
Amygdala L ! ! 1 1 !
(Hippocampus) R ! ! 1
Cerebellum L 1 1 l l 1
R ! !
Inferior Parietal L 1 T
R 1 i
Temporal L ! ! ! Tl 1 I
R 11 14 14 ! 14 11
M otor L
R
SMA L 1 1
R 1 1
Post-central L ! ! ! 1
Gyrus R [ ! 1 1 !
Subthalamic/ 0 1 !
Brainstem
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Table R2.9 Inter-Group Analysis: Differences between hand and foot VAS stimutipaoed to
ADD group. Highlighted areas show increased activation in DNIC are&BnversusHSDD and

IBS.

(B) Hand Vas Temperature

Side ADD> ADD> ADD> LSDD> HSDD> IBS
LSDD HSDD IBS ADD ADD ADD

L
R
L 1 1 1
R_|1 1 1 1
L
L t
R
Lo |1 1
ACC L 1 1
MCC L 1 1 1
R ) ) 0
PCC L !
R !
Medial PFC L T ! 1 ! 1 !
RO ! ! 4
Lateral PFC L 1 1 1 ! l !
R |1 1 1 ! 1
Orbito-FC L
R 1 1 1 1
Lentiform Nuclei and S Tl ! 1 1 1
Thalamus R | 4 ' R
Amygdala Lo e !
(Hippocampus) R ! ! ! 14 T4
Cerebelum L 1 1 1 1
R I t il
Inferior Parietal L 1
R 1 1
Temporal L Tl ! Tl Tl Tl T
R 11l 14t [tl 1 1
M otor L
R
S L1 1 1 1 1
R 1 1 i
Post-central L ! ! l !
Gyrus R ! ! 1 1 1
Subthalamic/ 1 T 1
Brainstem
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Table R2.10 Inter-Group Analysis: Differences between activation in response tfmd¢ef{A) and

left hand cutaneous heat stimuli compared to IBS and SDD

(A) Foot VAS Stimulus

Side IBS> IBS> LSDD> HSDD>

LSDD HSDD IBS IBS

L

R

L |1 1

R |1 1 1

L |1

R 1

L 1

R

L 7

R |1 1 1
ACC L 1

R 1
MCC L |1 ? 1 !

R |1 i
PCC L

R
Medial PFC L ! 11 1

R ! 1
Lateral PFC L 7 T ! i

R It 1l |1 1
Orbito-FC L 1 0

R |1 1 1
Lentiform Nuclei and Thalamus L

R 1 ! Tl
Amygdala L ! T Tl
(Hippocampus) R ! Tl Tl
Cerebellum L 1 1

R 1
Inferior Parietal L !

R 1 1
Temporal L 1 ! I Tl

R 1 ! Tl Tl
M otor L

R
SMA L 1 1

R 1
Post-central L ! ! l
Gyrus R ! 1 1 1
Subthalamic/ Brainstem 1 1 0
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Table R2.10 Inter-Group Analysis: Differences between hand and foot VAS sticaufipared to

IBS and SDD

(B) Hand VAS Stimulus

Side IBS> IBS> LSDD> HSDD>

LSDD HSDD IBS IBS
L
R
L
R 1 1
L
R
L
R 1
L 1 1
R 1 1 1 1
ACC L 1 !
R 1 !
MCC L ) T
R 1 1
PCC L !
R
YESEREe L ! ! ! I
R 11 11 1
Lateral PFC L 1 ! Tl
R 1 1 1 1
Orbito-FC L 1 7
R 1 !
Lentiform Nuclei and Thalamus L ! i} 1 T
R 1 11 11
Amygdala L T ! Tl
(Hippocampus) R ! ! ! 11
Cerebellum L 1 1
R ! 11 1
Inferior Parietal L 1 1
R
Temporal L 1 T Tl T
R 1 T4 11 11
M otor L
R
SMA L 1 1 I
R 1 1 !
Post-central L Tl I
Gyrus R 11 1 1
Subthalamic/ Brainstem 1 11 1
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Table R2.11 Inter-Group Analysis: Differences between activation in response tmtf(A) and

left hand cutaneous heat stimuli between the SDD groups

(A) Foot VAS Stimulus

Side LSDD> HSDD>
HSDD LSDD

L
R
L 1
R 1
L
R 1 1
L
R
L
R
ACC L )
R 1
MCC L ) !
R
PCC L
R
Medial PFC L !
R Tl
Lateral PFC L Tl
R 1 i
Orbito-FC L
R
Lentiform Nuclei and Thalamus L 0
R 1
Amygdala L
(Hippocampus) R 11
Cerebelum L 1
R !
Inferior Parietal L
R 1
Temporal L ! T
R 1l 1
M otor L
R
SMA L 0
R 1
Post-central L l
Gyrus R 11 l
Subthalamic/ Brainstem 0
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Table R2.11 Inter-Group Analysis: Differences between left hand and left foot V&Su§

between the SDD groups

(B) Hand VAS Stimulus

Side LSDD> HSDD>

HSDD LSDD
L
R
L 1
R 1
L i
R 1
L
R
L i
R
ACC L )
R 1
MCC L )
R 1
PCC L
R !
M edial PFC L Tl !
R T
Lateral PFC L Tl l
R 1 i
Orbito-FC L
R
Lentiform Nuclel and Thalamus L 0
R 1 !
Amygdala L 0 l
(Hippocampus) R 1 !
Cerebellum L ) !
R
Inferior Parietal L Tl 0
R
Temporal L ! I
R 1l
M otor L
R
SMA L
R 1
Post-central L l
Gyrus R Tl 1
Subthalamic/ Brainstem 0
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Tables R2.9 - R2.11 show that during painful stimulation of I#fie foot, the ADD had less
affective pain processing compared to other groups. Comparisamedrethe LSDD and ADD
groups showed few areas of significant differences, but iadltide somatosensory processing and
DNIC areas such as the right pINS and bilateral PCG and the right lateralriPE@ntrast the
LSDD groups had greater activity in affective areas such as the bilateral rdNSACC and

MCC, bilateral amygdala and hippocampal regions and PFC.

During painful stimulus of the hand, the IBS group showed greatévation of the alNS
compared to both SDD groups. The LSDD group demonstrated greater deactofatioe
brainstem, orbito-PFC, cerebellum, and amygdala compared to the IBS @Guaaper activity in
the ACC and cerebellum was also seen in the IBS group compared to the dd&IpD However
in the IBS and HSDD group both demonstrated increased activation aotivatéan within
different regions of the PFC, thalamus and amygdala suggestirgy spictad but not identical

activity within these regions.

(viii)  Covariatesanalysis of VAS hand and foot stimuli.

In Appendix 6.6 are simplified fMRIresults comparing activations (1) and deactivations (|)
correlating with participant’s VAS score (reported pain intensity out of 10 at the end of th
scanning paradigm) or VAS temperature (temperature at pre-scareriagrg testing at which
subjects gave a VAS score of7§-used as the stimulus on the foot (A) and hand (B) during the
stimulus (uncorrected p0.01 voxel 5). Other covariants used inchelédspital anxiety and
depression score, PCS and PHQ questionnaire. All effects were identifiedyusipgmaps as a

masked for the data.

(ix) Anticipation: group mapsfor the visual Cue stimulus

Below are simplified fMRIresults showing activations (1) and deactivations (]) within different

brain regions for the visual cue for both the left hand anddwouli (A) (Uncorrected p<0.001,
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voxel threshold 5) (Tabl&k2.12). Areas which included both activations and deactivations are

represented by|.

Table R2.12 shows that during anticipation of pain by group the ARDpgshowed activity in the
insula cortex. A similar smaller activation was also seen in the LSDD drotipe pINS and
activations in the left ant and mid INS. In the HSDD and IBS group the riglainahmid INS and
the left aINS were activated respectively. This contrasted with the cingulate cortepnigthe

right MCC was activated in the ADD group compared to the mid and ant cingalétzes in the

other groups. In the PFC the ADD group showed increased wdtivihe bilateral lateral PEC
This was similar to the other groups. Greater deactivation was also seen bilatetalyamygdala

in the ADD group but not the other groups. Activations and deactivaiioother regions were

similar between the different groups.
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TableR 2.12 Group Maps

(A) Activations (1) and deactivations () for cue visual stimulus for both left hand and foot

Side ADD LOW SDD HIGH IBS

SDD
S1 L
Somatosensory R
2 L
R
Somatosensory  Post-Ins L
R 1 !
Mid-Ins L ! 7
R ! T
Affective Ant-Ins L 1 1 0
R |1 1
Affective ACC L 1 1 0
R
Affective MCC L 1 1 0
R |1 1 1
PCC L
R
Affective Medial PFC L ! ! 1Tl l
R 1 1 l Tl
DNIC Lateral PFC L Tl 1 1
R (R Tl T
DNIC Orbito-FC L i} i} T
R 11
Somatosensory Lentiform Nuclel and Thalamus |8 1 Tl 1 l
R ! T 1
Affective Amygdala L !
(Hippocampus) R [ T
Cerebellum L 1 T Tl
R T T
Inferior Parietal L 1
R
Temporal L 1Tl 1Tl
R |t 1 1 il
M otor L
R
SMA L 1 1 1
R_|1 1 1
Somatosensory  Post-central L
Gyrus R | l
DNIC Subthalamic/ Brainstem
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() Intra-Group Analysis: Differencesfor the cue stimulus

Below are simplifiedfMRI results of 2 sample t test comparing activations (1) and deactivations
(]) for the visual cue (R2.14. A and B; Uncorrected p<0.05, voxel threshold 5).

Table R2.13. (A) Hand > Foot Cue Stimulus

Areas where activations (1) and deactivations () are greater in the hand than the foot.

Area Side ADD LOW SDD HIGH IBS
SDD
L
Somatosensory R
L
R
Somatosensory L 1 l
R 11 !
L )
R |1
Affective L 1
R |1
Affective ACC L 1 0
R
Affective MCC L 1
R |1 1
PCC L
R
Affective Medial PFC L ! ! l
R || ! i
DNIC Lateral PFC L T 1 !
R |1 1
DNIC Orbito-FC L l
R
Somatosensory Lentiform Nuclei and Thalamus % 1Tl 1
R [t 1 1 1
Affective Amygdala L 1 !
(Hippocampus) R 1
Cerebellum L Tl 1
R 1l
Inferior Parietal L
R 1
Temporal L Tl 1 Tl
R IV 1
M otor L
R
SMA L 1
R |1 !
Somatosensory  Post-central L 1
Gyrus R |
DNIC Subthalamic/ Brainstem |
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Table R2.13 (B) Foot > Hand Cue Stimulus

Areas where activations (1) and deactivations (|) are greater in the foot than the hand.

Side ADD LOW HIGH IBS

SDD SDD
S1 L
Somatosensory R
2 L
R
Somatosensory  Post-Ins L i} !
R 1
Mid-Ins L 1
R !
Affective Ant-Ins L 1
R
Affective ACC L 1
R i i
Affective MCC L
R 1
PCC L
R
Affective Medial PFC L !
R l ! !
DNIC Lateral PFC L ! 1Tl !
R ) Ll
DNIC Orbito-FC L
R !
Somatosensory Lentiform Nuclel and Thalamus |8
R
Affective Amygdala L i}
(Hippocampus) R |
Cerebellum L l
R !
Inferior Parietal L 1
R
Temporal L Tl Tl
R |1 !
M otor L
R
SV VA L 1 1
R 1 1
Somatosensory  Post-central L
Gyrus R T
DNIC Subthalamic/ Brainstem
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(xi) Inter-Group Analysis: Differences between cue stimuli

Below are simplified fMRI results of 2 sample t test comparing activations (1) and deactivations
() between the ADD and other groups during cue stimulus on both the left hand and foot
combined (uncorrected p<0.05, voxel threshold 5) (T&#d4 and figure R2.11). The table is
split into two parts. The first columns are areas where there is a signifioalmability that
activations and deactivations are greater in the ADD group compared to thegotis (ADD>).
In the second columns are areas where there is a significant probdtalitydtivations and
deactivations are less in the ADD group compared to the others group®)j>A'hese show that
during anticipation, the ADD group showed consistently decreased actiitityn vihe PFC,
including the orbito-PFC compared to the other groups suggestingrgpeaparatory activity for

pain stimulus.

Table R2.15 aresimplified significant results of 2 sample t test comparing activations (1) and
deactivations (|) between the IBS and SDD groups for the visual cue (Uncorrected p<@gél, v
threshold 5). These are also represented in figure R2.12. The columnarstas where there is a
significant probability that activations and deactivations are greater inSbB® lgroup compared
to the HSDD groups (LSDD>HSDD). Differences between in IBS and SDIpgrduring the Cue

stimulus can also be seenAppendix 6.7.

In table R2.15 and appendix 6.7, again mixed activation and deactivatbaighiout the PFC was
seen during both hand and foot stimulation, when the SDD and tB&g were compared.
However during anticipation the IBS group had significant greater righFC-Beactivation
compared to the SDD groups while the SDD groups had greater M-@aefivdition compared to
the IBS group. When the SDD groups were compared greater activityeasasnsthe LSDD PFC

compared to the HSDD. This suggests some preparatory activity in thed&s g
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Figure R2.11 Inter-Group Analysis: Differences between groups during the G@uelson the left
hand and foot combined compared to ADD group. Deactivations are depictedbiueheolour
spectrum while activations are show in the red-yellow spectrum. Fi¢f\yedepicts the
deactivations in the ADD group which are statistically more significanttth@se in LSDD group
while (B) shows the same comparison between the ADD and HSDD grogpse FC) shows the

areas in the LSDD and HSDD groups which have statistically more significgination than

those in ADD grop.

(A) Greater deactivationsin the ADD compared to LSDD group during cue stimulus

Right Orbito PFC Right pINS PFC
Co-ordinates (X.y.2) T Score p Value
Bilateral Prefrontal -10,40, 52 3.02 0.001
10,32, 52 268 0.004
R Orbito-PFC 48, 40,-14 239 0.008
R pINS 36, -8 8 3.02; 0.001
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(B) Greater deactivationsin the ADD compared to HSDD group

A

1Y =

PEC Right pINS Bilateral Amygdala

Co-ordinates (x,y,z) T Score p Value

Bilateral Prefrontal 14, 44, 46 3.36 <0.001

-2, 58, 30 2.05 0.020

Bilateral Orbito-PFC 44, 42, -8 2.05 0.020

-38, 38, -6 249 0.006

Bilateral pINS 38,-10, 8 4.03 <0.001
-34,-28, 4 2.87 0.002

Bilateral Amygdala 22, -6,-16 3.04 0.001

-26, -6,-16 295 0.002

(C) Greater activationsin the LSDD and HSDD groups compared to the ADD group

LSDD> ADD

HSDD> ADD
Left MCC Right MCC
[ _ .; AN < Right mINS

Right alNS —s==0 % e

Co-ordinates (x,y,2) TScore pValue

LSDD > ADD Bilateral Insula -30,10, -8 243 0.008
50, 2, 6 2.85 0.002

Bilateral Cingulate Cortex -8, 22,32 2.1 0.018

6,12, 26 219 0.014

HSDD = ADD RightInsula 50,12, 2 2.78 0.003
Right Cingulate cortex 14,16, 36 243 0.007

10z



Table R2.14 Inter-Group Analysis: Differences between cue stimuli for ADD group.

Area Side ADD> ADD> ADD> LSDD> HSDD> IBS
LSDD HSDD IBS ADD ADD ADD
S1 L
R
S2 L 1
R 1 i
Post-Ins L !
R || ) ) 1
Mid-Ins L i} 1
R
Ant-Ins L ! i 1
R 1
ACC L !
R 1
MCC L i} 1
R Lt 1 1
PCC L
R
Medial PFC L ! | | | )
R ! ! ! ! 1 Tl
Lateral PFC L l T
R || 1l ) 1 1 1
Orbito-FC L ! !
R || ) ) 1
Lentiform Nuclei and §=% ! Tl i 1
Thalamus R 1 1
Amygdala L ! !
(Hippocampus) R | |
Cerebdlum L 1 1 1 ! i}
R 1 ! 1
Inferior Parietal L 1
R
Temporal L Tl Tl Tl
R |1 tl tl |1t 1
M otor L
R
SMA L[l (R R I
R 1 1 1
Post-central L 1 1
Gyrus R l |
Subthalamic/ i}
Brainstem
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Figure R2.12 Inter-Group Analysis: Differences between Cue stimuli on both theh#efd and
foot combined between the LSDD and HSDD groups. Deactivations are depictedlndlcolour
spectrum while activations are show in the red-yellow spectrum. ThecFigpicts the statistical

comparison of significant difference in activations and deactivation in the L&bipared to the

HSDD groups.

Left PFC
LSDD > HSDD Co-ordinates (x,y,2) TScore p Value

Cingulate Cortex -2, 20, 30 3.18 0.001

{LACC, R MCC) 4,-26, 48 2.06 0.020

Left Prefrontal -10, 60, 20 248 0.006

Left Orbito-PFC -38, 38, -6 1.90 0.028

Bilateral Amygdala 22, -6,-16 2.50 0.006

-24, -8,-16 1.78 0.038
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Table R2.15 Inter-Group Analysis: Differences between cue stimuli for the S@Dpy.

Area Side LSDD> HSDD>
HSDD LSDD
Sl L
R
2 L
R
Post-Ins L
R
Mid-Ins L
R
Ant-Ins L
R
ACC L ) )
R Tl
MCC L 1
R 1
PCC L
R
Medial PFC L !
R !
Lateral PFC L T
R 1l
Orbito-FC L !
R
Lentiform Nuclei and Thalamus L 0
R 1 1
Amygdala L l
(Hippocampus) R !
Cerebellum L T
R !
Inferior Parietal L
R
Temporal L Tl
R !
M otor L
R
SMA L 0
R
Post-central L
Gyrus R
Subthalamic/ Brainstem !
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(xii) Covariatesanalysisof cue stimulus
In the Appendix 6.8 are simplified fMRI results comparing activations (1) and deactivations ()
correlating with participant’s HAD anxiety and depression scores and for the PCS and PHQ12

scores (uncorrected p0.01). All effects were identified using group asagsnask for the data.
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2.5 Discussion

251 Differencein responsesto pain between the hand and foot within each group.

The hypothesis that pain processing between the hand and the tddthedifferent in the LSDD
group due to peripheral nerve changes but similar in the other glaegs normal or alteration of
central pain processing could not be proven using this somatic thermagradigm. There was
no significant difference in the temperature used for stimulatiothefhand or foot within or
between the groups (Table R2.7). However, altered pain procesaingeen (Table R2.8). Overall
in the ADD group there appeared to be a greater emotional responsel tstihgulation compared
to the foot with significant activity in the cingulate and PFC duringdhstimulation. However
there was associated increased activity of the DNIC with deactivations in teénmairend
appropriate amygdala region deactivations associated with painful stimulatmmparison there
was greater affective activity associated with stimulation of the foot compartke hand in the
HSDD and IBS groups, with increased activity in the amygdala regi@hcingulate cortices, and
in the HSDD the PFC. Little difference was seen in the emotional pagegsing areas in the

LSDD group suggesting similar responses for both the foot andstiamali.

The hand is particularly important for function and greater emotiopat iand fear of injury can
be attached hence the response in ADDs was not surprising. Interestiggbyps with altered
pain states, a similar or greater affective pain component to foot stimula®segn. This may be
because the foot is sensitised due viscera-somatic conferences o¥ samesrwithin the same
region of the spinal cortf? 314 315 320. 4% may be suggestive of an altered DRFFC?0: 312, 429. 430
and/or inability to adjust to threat of injury and emotional coAt&x> There is evidence of
greater emotional processing to visceral or muscular compared to cutastgoulatio® %3 3%
32 Chronic pain groups also have greater affective pain processiexd DNIC and responses to
fear and threat than normal individudfs ** **! This could explain the differences in pain

processing within different body areas seen in this study.



252 Responsesto pain between groups
There are marked similarities and differences between the groups dugngath (VAS
temperature) experience (Tables R2.9-2.11). No significant differerex@sfaund in the VAS or
temperature scores between each group (Table R2.6 and Figu/@. R®owever there was a
suggestion of increased thermal sensitivity in the cumulative VAS séBigsre R2.10). In the
tabulated group maps for the foot and hand painful stimulus actisatiod deactivations were
seen in areas consistent with known pain pathways such as the amdrioid insula, pre-frontal
cortex, thalamus, cerebellum and in some groups the brainstem (Foot:ADEBD, Hand: All)

and amygdala (Foot and hand, LSDD, HSDD, IBS).

When comparing the ADD to other groups during foot stimulatitvere were interesting
differences, especially in the affective pain processiingre were few areas of increased activity
in the ADD compared to LSDD group. These are mainly present in somatosprsmegsing and
DNIC areas such as the right pINS and bilateral PCG and the right lateral Riesthdarison, the
LSDD groups had greater activity in affective areas such as the bilateral @dNSACC and
MCC, bilateral amygdala and hippocampal regions and PFC. Similar diffeneecedound in the
HSDD and IBS groups compared to the ADD group. Hippocampal activity rmabeds seen in

patients with somatoform pain disorders even at moderate thermal paifi’fevels

During painful stimulation of the hand increased activation was seee DD group in the S2,
lateral PFC, thalamus, SMA and brainstem and deactivation in the right alagdl hippocampal
regions compared to the other groups. The LSDD group demonstratgdrgieactivation in the
PCC and medial PFC and PCG, and greater activation in the thalamus comp#redAf@D
group. The deactivation in the PCC may suggest movement of the Sidp gway from the
default pain network and greater attention to the pain stimulus, whictbevifurther discussed
below. The IBS group demonstrated increased activation in affective prarassas such as the
mid INS, ACC and MCC compared to the ADD group. This suggested gedtgetive processing

in the IBS group compared to the ADD group. The HSDD group showed Iffdesthce in activity
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in the affective areas compared to the ADD group suggesting simitaiosal processing of pain
but potentially reduced activation of the descending inhibitory system gestad by lack of brain

stem activity? 24

When comparing the chronic pain groups, the IBS group showsaisenl emotional processing
with increased activity in the bilateral aINS and right aINS compared to the LEBIdCHSDD
respectively. Increased activity in the cingulate cortices and PFC corticeslasademonstrated
compared to both groups. However compared to the HSDD group theceeiasied deactivation
of the bilateral amygdala or hippocampal regions and somatosensorgachass the right pINS,
right thalamus, and right PCG. The LSDD and HSDD group demonstratgiety of areas of

activation scattered throughout the affective and DNIC areas.

In our study, increased activation was seen in the cingulate corteg inSDD, HSDD and IBS
groups compared to the ADD group during pain and anticipation. Thistgotiwas greater in the
IBS and LSDD group compared to the HSDD group during pain stimulatidranticipation. In a
H,™O-PET stud§¥’® in which functional dyspeptics (FD) were compared to healthy voluritéers
the group found that during distension the FD group failed to activapA8€ which correlated
negatively with anxiety levels. This supports the suspected role in attemébthreat-association
and its suspected modulation of amygdala and emotional circuits. Anxietycalsglated to
activity in the dorsapongmidbrain, which has been reported in IBS stutife3hese findings may
fit with our findings which showed a lack of significant ACC activationthe HSDD group in
comparison to the LSDD and IBS groups. Tack and colleagues specukttedtitations in the
locus coeruleus-parabrachial nucféfiswhich is known to have projections to the cortices,
including the pACC may be involved in pain processing. IBS patients’ anxiety scores have been
correlated with anterior MCC and pregenual ACC activity during painful rdidgdnsion, while
depression scores correlate with activation of the PFC and cereb8llaitered alNS activation
has also been found in other patient grotfp&** “**which support our findings. In IBS patients

anticipating rectal stimulation, less deactivation was identified in the insula, supahge®@,



amygdala and brainstem compared to healthy cofitfols anorexia nervosa, greater activation of
the aIlNS, as well as the DL-PFC and cingulate was found compared toyhgathen undergoing
anticipated painful heat stimtif. Subsequent greater activation of the DL-PFC and decreased
activation of the pINS during painful stimulation was also fourtds Thfluence of the aINS over
subsequent pINS and caudate activation has previously been demonstlated@ated with the
perceived touch intensify/. In MDD, decreased activity of the aINS was found along with
increased activation in the VM-PFC, dorsal ACC, PCC and deactivatiore iDitHPFC, SMA,
mINS and cerebellum during anticipation of changes in stimulus intearsitpr cognitive demand
was found compared to healthy contfdis This suggested that MDD patients were unable to
effectively prepare to anticipated changes in environment. Similar depressivanxiety

symptoms may be influencing the activities found in the HSDD and I1B$gro

The reported amygdala responses agree with the findings intwidy which showed greater
significant activation of the amygdala regions in the LSDD, HSDD groups ar@aho the ADD
group during foot pain stimulation. Greater deactivations in the ADD cadparthe HSDD and

IBS group during pain stimulation of the foot and also during atiicip of pain.

In our study the PFC was split into lateral, medial and orbito-PFC adiivajow ease of analysis
between groups. We found greater deactivation in the M- and L-PH#@ iADD compared to the
HSDD but mixed activation and deactivation in the SDD and IBS groups when @mhipathe

ADD group during foot stimulation. Again the hand was more carafdd and this may be due to

the greater level of emotional processing of hand stimuli by the AD@pgro

Alteration in ‘effective connectivity of the emotional arousal circuitry’ (rostral and subgenual
cingulate cortex, amygdala and locus coeruleus) rather than afferent sprsmysing (insula,
thalamus, OFC, dACC) or cortical modulation (PFC and parietal cortex)are ttiougiderlie the
symptoms and perceived pain in 185 Our finds suggest the amygdala and hippocampus regions

may also be important in SDD symptoms as well, especially for those igitiPHQ12 scores.
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In our simplified tables the cerebellum has been presented as a single aresrefndetlsome of
the detail in specific areas of activation and deactivation will be lost. In geher&D group
demonstrated greater left sided activation of the cerebellum during foot stimubatide the SDD
groups had significant deactivation bilaterally. However during hand stimulatiis effect
seemed to be reverse. This may be related to the altered emotional proicedsamgl stimulation
in the ADD group which has been suggested by other stifii&8 *°° ***This altered cerebellum
activity agrees with studies in other chronic pain groups, suchn&s lmack pain subject, when

shown pictures of potentially painful evetits

25.3 Covariateswith pain processing
During painful stimuli the VAS score showed little correlation between toeipg with any
specific region (seéppendix 6.6). However in the foot, the temperature used did significantly
correlate with pINS activation in all groups. In the HSDD and IBS groups sedlezorrelation of
cortical activity was seen in the cingulate cortices and in the LSDD, HSDD and IBgsgrothe

PFC.

During the pain stimulus for the foot there was little correlation of cortidalitycwith anxiety

score for the ADD or LSDD groups, except the MCC and cerebellumiratite ADD group, the
PFC. The number of correlated areas increased in the ADD for the pain stimulbe hand
especially in the cingulate cortex and PFC. This compared to the HSDD agdolgs which had
correlated activity with anxiety score during pain stimulus in thalésingulate and prefrontal

cortices. Some correlation was detected in the cerebellum and amygdala regions as well.

In the ADD group, there were only a few areas which correlated with depre§tioer groups
showed greater number of active regions. For the pain stimulus fodhéncreased correlated
activity was mainly seen with the HSDD and IBS groups in the PFC aeldedlerm and in the IBS
group the MCC and aINS. In the hand painful stimulus more aregs eorrelated in the LSDD

and HSDD groups including the aINS and mINS, PFC, amygdala (HSDD) and cerebellum
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The PHQ12 questionnaire score is a marker of somatisation while the PCS dasarenof
catastrophizing. Somatisatiadescribed by Brown et al as ‘the tendency to experience somatic or

visceral sensations as more intense, noxious or disturbing’ or ‘somatosensory amplification’*®% 44

Pain catastrophizings a ‘negative cognitive—affective response to anticipated or actual pain’**.
Both can be associated with anxiety and depression hence aspessifade correlation of cortical
responses to pain with these scores was valuable. Little significant correlationsuretdoir the
ADD group and PCS score. However significant correlations were farnthé ADD group and
PHQ12 score especially in the hand stimulus. In comparison increaselhton was observed in
LSDD with PHQ12 and PCS scores, especially in the cingulate cortex and PR@G plain. The
HSDD and IBS groups also showed greater areas of activity correlated@#ttand PHQ12 score.
In the pain stimulus this included the insula, cingulate cortex, PFC dataygnd cerebellum.
Catastrophizing, when controlling for depressive symptoms, has been Viitkedctivity in the

cerebellum and mPFC (anticipation), dorsolateral PFC and dACC (attentioh)eatiform

nuclef®®.

254 Responsesto anticipation of pain
During the cue stimulus, significant differences were seen thoatighe insula, anterior and mid
cingulate and SMA when anticipation of pain in the hand was comparedidipation of pain in
the foot (i.e. hand > foot) (Table R2.13). However similar activitghiea PFC was seen in all
groups except the HSDD. The ADD group also showed deactivation within thedalayand
brainstem which was not seen in others groups. This suggestedtibaghlthe ADD group had a
greater emotional anticipatory response to pain in the hand comparedféotthgeactivation of
the amygdala and the brainstem, which is thought to be part of the degcetibitory system,
occurred correctly. When anticipation of pain in the foot was comparedtimpation of pain in
the hand (e.g. foot > hand), significant activity was seen in ¢iseepor (deactivation) and mid
insula (activation) and the ACC (activation) compared to other groups. Gdestetivation was
also seen in the PFC in the HSDD group. This suggested again a greatienainanticipation of

foot stimulation in the HSDD group compared to the other groupsemMenvunlike the anticipated



hand stimulation of the ADD group, compensatory deactivation of theaatey or the brainstem
was not seen. The lack of significant difference between the LSDDBS\dyroup anticipated

stimulation of the foot and hand suggests similar anticipated responsshk Imibs.

Comparison between the groups is quite complex (Tables R2.14-15 amdsFy1112), but the
overall suggestion is that that there is a range of emotional processirgg3DD and IBS groups
compared to the ADD groups which may explain some of the mectaofsamticipation and pain

in SDD.

Compared to the other groups the ADD group showed greater deactivatithesright pINS and
PFC. Significant differences in deactivation were also seen in the ADD gmoilyg amygdala
regions compared to the HSDD and IBS groups and right PCG comparedliSDD and HSDD
groups. Increased activity in affective areas such as the MCC in the L&Dbgat ACC and
alNS activity was found in all groups compared to the ADD group. Inedeastivation of the
thalamus and SMA and deactivation of the cerebellum was also seen in allps gompared to
the ADD group. This suggests again a greater emotional respoastcipated pain and reduced

preparatory and modulatory activity.

When comparing the SDD groups with the IBS group significant diffezs in deactivations of the
pINS, right medial and lateral PFC and activation of the cerebellum werefigtknti the IBS
compared to the HSDD group. However significant activations ofighé ant and mid insula and
deactivations in the pINS and MCC were found in the LSDD group compare IBS group.
Significant differences in deactivations in affective areas such as the alaygdion, mPFC, as
well as temporal lobe and activations in the SMA were also found in th® Lc®mpared to the

IBS group. The HSDD had fewer differences, but also included deactivatitimes inPFC.

During anticipation of pain, the LSDD group showed much greater diffesem activation of

affective areas such as the ACC, mPFC and amygdala as well DNIC arkass ghe lateral PFC
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and right thalamus compared to the HSDD group (Table R2.15 and figutr2)RThere were few
areas of significantly greater activity in the HSDD group comparé¢kdetd. SDD group, but these

included the thalamic regions and brainstem.

Thus in anticipation of pain there are several key regions foundvi® digered activity during
anticipation between the groups including the insula, cingulate cortices, P®R@gdaa and
hippocampal cortices, somatosensory cortices, thalamus and brainstef/PEE“> The
functional connectivity between these areas, especially the aINS and brabesteenthe stimulus

is applied, is thought to be important in the subsequent experience 3f pain

In our study greater insula activation was found in the LSDD, HSDD a8dytBups compared to
the ADD group, where deactivation of the pINS was identified. Greater insula activat®oalso
identified in the aINS and pINS in the IBS compared to the LSDD and HSDD grdiys
suggests that in the SDD and IBS groups greater emotional awadrbs anticipated stimulus
was present, which may have influence subsequent stimulus penceftitos is supported by a
study by Tracey’s group™". Their study of perceived threat of painful stimuli in healthy volunteers
showed that the in high threat conditions more threshold stineué werceived as painful and this
could be predicted by activity in the aINS during the anticipation pHa3#is study also showed
increased functional connectivity between the aINS and MCC suggesting a ‘salience network’**.
High confidence in pain beliefs also correlated with right aINS, post MCC andomferietal
activity during pain anticipatidft®. Correlation between expected pain and activity in the ACC,

PFC, INS and thalamus has also been identified, with manipulation of anticiatedfiecting

subsequent activity in the INS, S1 and A¢C

Anticipation and expectation is thought to be important in IBS. PatientdB#itan be noral or
hypersensitive to rectal distensions. When comparing these gremgsfMRI similar patterns of
brain activation are found between normo-sensitive and controigpgravhile hypersensitive

individuals have greater INS activation and decreased deactivation of tHeCpdéring rectal
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distension. However during the anticipatory phase greater activation of theipgbtampus was
found in normo-sensitive IBS patients compared to controls. The differdyeteveen the IBS
groups may be due to differences in expectation and rectal affeparft'i. fMRI has also shown
that the hippocampus is activated during anticipation of a painful evers bigual cud?

Correlation between individual anticipation rating and hippocampal activdtiong anticipation

has also been identifiét

There was greater deactivation in the amygdala and hippocampal regibeslLiS8DD and ADD
groups during anticipation when compared to the HSDD and IBS groups. sUdugsts better

coping strategies in the ADD and partially in the LSDD compared to the othersijro**°

As part of the DNIC pathway, deactivation of the brainstem would be expdciguy the
anticipatory phasé®. Deactivation in the ADD group anticipatory phase was not associated with a
significant deactivation in the brainstem region in our study, asbbas described in other
studied®. This may be because of: (1) whole brain rather than ROl andB)si® respiratory and
cardiac gating was used when images were acquired; and (3) difisaltition of activity within
the region when whole brain images are being acquired. However incgsiitant activation

in the subthalamic regions and brainstem was seen in compalistmsen the IBS, LSDD and
HSDD groups during pain stimulatigfiable R2.9-R2.1)1 Interestingly deactivation was also seen
in the HSDD group in this region during comparison with the ADDS l&nd LSDD during
anticipation(TableR2.12, Figure R2.11 and Appendix §.7The exact region involved is difficult
to elucidate due to the problems mentioned above and further investigh@NIC pathways in

SDD may be warranted.

During the anticipation phase greater left sided cerebellum activation wamsée ADD group
compared to the other groups. In the IBS group greater activasisralso seen during anticipation
compared to the HSDD group. In the LSDD group greater mixed activatidrdeactivation was

seen when compared to the IBS and HSDD groups during anticipation.
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In our study we were unable to show significant differences wsing@nalysis method for evidence
of altered PCC and precunedsactivation to make ‘default mode network’ inferences. Further

analysis with ROl may be necessary to identify this potential mechamiSBD.

255 Covariateswith anticipation of pain
Temperature and VAS score were not used as covariates for the classtsithe patients were
unaware of the temperature they would receive. Therefore, the HAD scores2 Rii@Ipain

catastrophizing scores were used as correlates for anticipation of pain (App&)dix

During the anticipation phase, little correlation with anxiety scores was seémef&DD group
except deactivations in the lateral PFC and amygdala. However many morénaifead SDD
group correlated, especially in the ACC and PFC. This compared to the g®Dp, which had
activation in the right mINS, right MCC and amygdala and deactivation in the R#CIBS had
similar correlated activity to the HSDD group except anxiety also correlateddeéittivation in
the pINS and right amygdala. These findings suggested that anxiety hfilsemcmover key areas
in anticipation and pain processing. Many of the regions describea dtawe been previously
implicated in anxiety effects during anticipation of unpleasant events. Actishin the S2 and
insula regions was most prominent in the IBS and HSDD groups, but netatedr with activity
found in the ADD or LSDD groups. This finding is supportedabstudy in which anticipation of
aversive images in anxiety prone and normal anxiety subjects daated bilateral aINS activity
when cued for adverse images, but this was greater in the riglet inghe anxiety prone groti).
Using functional connectivity analysis the insula was involved in a nkteamsisting of frontal
and parietal lobes in the anxiety prone group. This suggested that anxiety could lead to ‘greater
anticipatory reactivit{’’. This again supports the frontal and parietal region anxiety correlated
activity seen here in the LSDD, HSDD and IBS groups. In a study dB$ subjects the brain
responses underlying the placebo effect were assessed during rectal distassignfMRI. A
new ‘drug’, which was in fact saline, was infused into patients and HV. A similar number of IBS

and HV had placebo effect to the infused saline. However, a high HARIStyarscore was
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predictive of a weak placebo effect. During the placebo effect greater actastjdentified in the
affective areas such as the INS, MCC, and VL-PFC in IBS patients cednfmmhealthy controls.

VLPFC was also increased during anticipation of pain in the IBS pdftents

Other regions have also been implicated in anticipation of pain. In the LSDBISD® group,
activity in the ACC and MCC was identified. The cingulate cortices are thoughtitapbetant in
anticipation of pain and influences activity within others region@nia study, uncertainty in the
anticipation of potentially painful events resulted in greater intensity in the & cluster size in
the PO and pINS activation during non-painful stimuli in healthy volurit@erRarticipants
reported these non-painful stimuli as being more unpleasant suggestiig@hand the PO and
pINS and important in the ‘modulation of affective aspect of sensory perception’ when there is
uncertainty about an expected stimdifisConnectivity between the insula and the amygdala has
also been identified in anxious anticipation of auditory stifffulin the amygdala and hippocampal
regions significant anxiety correlated deactivation were identified in the ADD B&dgfoups
while significant activation was seen in the HSDD group and no actixaty correlated in the
LSDD group. The right insula has been correlated with individual subjeetiperience for any
type of stimulus, while the amygdala was mainly active during anticipefiawersive stimufi®>
The entorhinal complex is connected to affective areas such as the perigegukte cortex and
the mINS and is thought to prime affective responses to anticipated E¥eftsivation of the
hippocampus during anticipation has also been shown to be associatedctnitttion of the

INS/IFG/PO network during the following painful evétit

The hippocampal network has been shown to respond differentpaitdul thermal stimuli
depending on the preceding anxiety of an anticipated painful stimulusud study, cued
deactivations in the right amygdala/hippocampal region were correlatedmity in the ADD
and IBS groups but activation was found to be correlated in the HSDip.grdn healthy
volunteers anticipation of a painful shock resulted in activity in thetmgtamus, PAG, caudate,

precentral gys insula, VL-PFC, DM-PFC, ACC and thalarfitis Although greater correlations



were found in the Insula, PFC thalamus and brainstem in the othgrsgthe ADD group did have
an anxiety correlated deactivation in the PCG similar to this study. mhg @lso found that a
linear relationship between activity over the safe and strong anticipatory trthks lnlateral INS

ACC and IFG.

Anxiety and anticipation of pain have also been studied in patient grougs. niurottism
individuals had exaggerated anxiety and reduced brain activation to ligheatium anticipatory

trials™®®

. In an study of anticipation of hyperventilation tasks, which resuledinpleasant
physiological symptoms, all participants activated the aINS and OFC and rostalraad AdoC
and DM-PFC*. However in participants with a high fear of unexplained symptorgseater
activation of these areas was demonstfatethis study showed similar brain regions are activated

in anticipation of internal as well as external thr&4tSimilar anxiety correlated activity in the

ACC was found in our LSDD group, and in the mPFC in our LSD®&SDD group.

Stress results in changes in activity in the INS, MCC ¥hdPFC in IBS subjects, suggesting
altered emotional modulation of visceral sensdtibriThese has been partly accounted for by
higher anxiety levels itBS patients, except for the PFC and inStilaAnticipation of pain, and
anxiety associated with it, has also been investigated in 8 healthytegrsiusing midazolaf.
Volunteers were cued with different coloured lights to expect a painful feaist or warm non
painful stimulus. At baseline, when only saline was given, thegtaiulus itself produced greater
activity in the ACC, bilateral aINS and pINS, thalamus, S1, motor cortex, prdfroortex,
cerebellum and brainstem than to warm stimuli. During the anticipatiasepdf the pain versus
the warm stimulus, the ACC, contra-lateral aINS, ipsilateral S2 and pINS were activated
Midazolam effected the activation to pain anticipation especially in the aINS, &@CS2 on
region of interest analysis but did not affect the activations duringaineitgelf*°. These studies
support the role of the insula in sensory and affective aspectsobfiod**and that alterations in

anticipation can result in altered affective and perceived sensation.
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In the anticipation phases correlated activity included significant activaticaf§ective areas such
as the bilateral ACC with anxiety and depression in the LSDD group. Scattered agdisifound
for the HSDD group in the insula, cingulate cortices, PFC, amygdala andtbnairfior both
anxiety and depression. In the IBS group significant activity mainly associated with anxiety
score, but significantly correlated activations were seen in the right S2 andINe&$ and
deactivations found in the left MCC and right PCG with depression scoree€3@pr and chronic
pain are closely associated with 75% of patients who suffer with depreegiorting chronic
pairf®®, while 30-60% of patients with chronic pain have depressive symfitorBepression is

associated with passive coping mechanisms including helplessness, lackrolf @ed rumination

which may influence the emotional processing of chronic and iexpetally induced paifi®“:

A recent study in MDD patients demonstrated increased activity on RQiseniad the amygdala
and on whole brain analysis in the aINS, IFG, dorsolateral ACC, andlatersl PFC during
anticipation of a painful event while control subjects showed greater activitheircaudate,
precuneusPCC and ventral brainstem. This activity correlated with depressiomikarsio our
study, which showed activity within the aINS in the IBS and HSDDuggo Activity in the OFC
was seen in the LSDD group only, while the LSDD and HSDD demonstaatedty within the
cingulate cortices. In the HSDD group, cerebellar activity was also associatedepitdssive
symptoms, which has also been found to be correlated with depregsiptosis in IBS patients
undergoing rectal distensiclid However we did not find a similar correlation with anticipation of

pain and depressive symptoms in our IBS group.

Significant correlations were found for the ADD group and PHQ12 sndbe anticipation phase
in the right INS, bilateral OFC and thalamus and deactivation in the rigrgdaa/hippocampal
regions. In comparison increased correlations between LSDD and PHQ1PCfhdscores,

especially in the cingulate cortex and PFC during pain and anticipation phases.



The HSDD and IBS groups also showed areas of correlated activit@Bhand PHQ12 score in

the anticipation phase with scattered activity detected in the pINS (IBS), MCC (HSDD) and PFC
The correlation of hippocampal region deactivation in the IBS group v@® &nd in the right
amygdala/hippocampal region in the ADD and LSDD and bilaterally in ti& dBups with
PHQ12 fits with other studies. Hippocaahmctivity has been shown to be increased during
expectation of pain and during the painful event itself and correlated with the participant’s

*462 However in another study, participants with a range of somatisation

‘sensitivity to expectancy
score on the symptom checklist 90 (revised SOIR) were subjected to low and high anxiety
visual cued shocks. fMRI imaging identified that there were smaller differenceippocampal
activation in those with a high somatisation score for different lefelues compared to low

somatisation participanfs. This suggests that high hippocampal activity even in low anxiet

situations may influence pain expectation and processing.

The association of PCS and PHQ12 with anxiety is also thought to be impottanhability to
differentiate different levels of activity in the Insula, IFG and PO duhigdh and low anxiety
anticipation of pain was related to reported daily physical symptoms of partgipaGondo et
al’s 2012 study?®. This suggests that participants with high number of reportefteyms may be
continuously ‘anxious’ and have a high background activity within these key areas, resulting in
minimal change in activity during pain anticipation. This may Iy where are few areas which
correlate with PCS and PHQ12 in the ADD group, who have low ansiatg, and in the HSDD

who may have a continued high anxiety state.

Although there are no studies of pain catastrophizing in divertidié@ase, other chronic pain
groups have been studied. An fMRI study of 12 subjects withrfialgia and 14 healthy controls
was used to identify the association of anticipation of pain, catastroptanidh altered cerebral
pain processing. They found that catastrophizing behavior was sedré@ FM patients but not
during the anticipation of experimental pain. Also FM patients showed incraasedtion of the

PAG, posterior parietal cortex and DL-PFC during anticipation of'frain
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Although not assessed in our study, other personality traits can llsenae pain perception.
Neuroticism is also correlated with depression and anxiety disorders. During anticpzatdal
oesophageal distension positive correlation was found between the lewelsroftism and brain
areas involved in cognitive and emotional processing such astakiggppocampus, thalamus, ACC
and insula. However during the pain stimulus negative correlationfoussl with these areas,
suggesting potential maladaptive coping strategies in neurotic indivitfual¥hese areas are
similar to those found with PCS and PHQ12 scores covariates in the BB®BISDD groups.
This suggests that many of the questionnaires and traits that have deekesoufar often have
significant correlations between them and may be measuring similaraméditserebral mechanisms

underlying chronic abdominal pain.

2.5.6 Summary of findings

Enteric infection or long lasting mucosal inflammation in inflammatooyvdd patients is not
always associated with development of abdominal pain or IBS like symsf5{®’ Development

of IBS like symptoms is probably a combination of altered gut floragtgesusceptibility, immune
modulation and personality tréit *°® Differences between IBS and Diverticular disease have
recently been highlighted by Spiller (204%). However similar mechanism for the development
and maintenance may exist between IBS and SDD. Our theory suggesie thSDD group were

peripherally sensitised while the HSDD group were centrally sensitised ¢ikB$hgroup.

In our study there was increase activity in the pINS in the ADD andH§roup but not the
LSDD group in the foot compared to the hand, suggesting some edreassory input for the
foot. However this finding was not significantly different in th@up comparisons and our theory
that increased peripheral signals due to sensitisation of pain fibres wighbotvel in the LSDD
cannot be confirmed from our results. This is similar to previstuslies which have been
performed between 8 patients with ulcerative colitis (UC), 7 with IBS ahdalthy volunteers
showing activations were identified for all groups in the aINS and@A@wever there are few

subjects in our study groups which may reduce the power itifidag this increased peripheral
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input. Also our study gave stimuli at the same VAS score and acatime temperature which may

have reduced the activations seen.

% the IBS group did show greater activation of affective processeagauch as

In Mayer’s study
the amygdala, hypothalamus, rostal ACC and dorsal medial PFC. stualy both the IBS and
HSDD showed greater affective pain processing compared to the ADD grdugrestter activity
in the INS (IBS), ACC and MCC, and less amygdala deactivation during lgaimever when
comparing the IBS group to the SDD groups, greater activation of\Ntheahd MCC were seen.
During anticipation phases the HSDD and IBS groups were similar while incraetbéty in the
right INS, MCC and deactivation in the amygdala was seen in the LSDD compaitesl 18S

group. This suggesting although similar, the altered central activities o IBS are not identical

to those in SDD groups

In our study the LSDD and ADD groups were also different wilaigr PFC activity in the ADD
group and increased amygdala activity in the LSDD group in anticipatiomamsed activation
of the PFC and deactivation of the amygdala in the LSDD during pain.sdigests that although
the LSDD group has greater similarity in activation and deactivation to the ABDthe other IBS
and HSDD group, it is not identical suggesting some element of altered centrak@zgssing.
Thus due to the artificial splitting of the SDD group according to their PH@dge, we in fact
may have a heterogeneous mix of subjects in each group: The §®DP with a predominance of
peripheral sensitised subjects but with some with central componemtsllaand; The HSDD
group mainly central sensitised subjects in the HSDD group hutpakentially a few peripheral
sensitised subjects as well. The difference between the HSDD and IBS grquplsoabe
explained by this theory and also by the fact that many of the IBfectsi had received prior

treatment for IBS by gastroenterology specialists while the HSDD group had not.



2.5.7 Limitations with the study
There were some limitations to the study.
(i) Patient selection

(a) Diagnosis of Gl disorder
DD participants who took part in the study had diverticulosis confirnmre@mmloscopy, barium
enema or CT scan. Of those who were symptomatic, some repaxted) had a previous episode
of diverticulitis with either GP diagnosis or admission to hospital. Hownwerall participants
with diverticulitis had had it confirmed with CT or other imaging @chemical tests. A prior
episode of diverticulitis, which is hypothesisedcause a peripheral ‘sensitization’ resulting in
some patients in having chronic pain, was not used as a part @fcthsion criteria due to
experience of recruitment difficulties from prior studies. Visceralandneous hypersensitivity is
known only to affect a subset of patients with #S**” However no investigations to confirm the
extent of the DD or visceral hypersensitivity in IBS or ¥hwere performed. This may explain

why no significant thermal hypersensitivity was identified in this study.

The PHQ12 score was used to divide the SDD group into 2 groups. The Rd@&8 gave a bell
shaped distribution and the cut off to give equal numbers in the LSDBISD® was between 6
and 7. Although the PHQ12 has previously been used to succeshfitlg patients in IBS and
DD with suspected peripheral and central, the cut off was diff@fefihe SDD may potentially be
a heterogeneous mix of subjects which become similar towaedsit off mark. Thus in the SDD
groups there is potential for some participants to have a peripheral, centraixed pain

processing picture which may reduce the contrast seen betweenupse grdéerms of images and

VAS scores with temperature changes.

As mentioned above, IBS patients were recruited from gastroenterology clinics. Many had
experience of undertaking studies and had been treated with a rangdicétions. Thus the IBS
subjects who were recruited may not demonstrate the expected pain ipgessmore medical

naive counterparts such as those with SDD.
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(b) Gender
Pain processing is different between men and women and has hmsthdsysed as why there is a
greater female predominance in chronic pain disorders. However, whavengreater anxiety
sensitivity, compared to men, which may influence pain perceptidrpastessing. In our study
this is important as there were a greater proportion of female participinits the symptomatic

groups compared to the asymptomatic DD group.

Differences between the structure and function of male and female brain éawefdund in
healthy subjects with experimental p&frand/or in individuals with chronic pain conditions such
as migrain€”. In healthy volunteer studies of visceral pain, similar rectal sens@shibids and
pain ratings have been found. In ROI analysis similar activationtheinrSS, INS DL-PFC and
thalamus have been seen. However, on whole brain analysis wwawenbeen found to have
greater activity in the cerebellum, and medial frontal gyrus dutingukation and in the DLPFC
and middle temporal gyrus during anticipation of pain compared td’mémimal studies have
suggested that oestrogen may affect the ACC resulting in greater pairvibgffsiti Similarly, in
visceral distension pain similarities were identified within the DL-PFC, INSar&Sthalamus on
ROI analysis. However on whole brain analysis increased activatibe idorsolateral PFC and
middle temporal gyrus as found in women during anticipationiaride cerebellum and medial

frontal gyrus during paftf?

However, using nociceptive flexion reflexes and somatosensoikedvmotentials, Goffaux et al
suggest that variations in gender pain perception can be contributechgesha thalamocortical
processing which effect appraisal and emotional pain procé&sighen they controlled for trait
anxiety, they found that differences in cortical activity between amehwomen were 108t. A

recent review also suggests that studies of biopsychosocial fagtaencing pain difference in
men and women are mixed and that further study is needed to try plagheany underlying

cause¥®
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(c) Age

In our study the IBS and HSDD were significantly younger thanAB® and LSDD group.
Although this is due to the nature of the conditions, with IBBnihy occurring in patients within
their 20-40yrs and DD in the over 60yrs, it may still have influenceesults. Age related reasons
for confounding in our results include the increased risk afie@ascular disease which may alter
blood flow dynamics. Although we tried to control for this by extigdootential participants with
a cardiovascular disease history, there is still potential for undiagnosed pattdip have entered
the groups. Also older people tend to be on multiple medications, niankich the effect of

blood flow dynamics is not known or are only now being elucidated’

Age itself is also thought to influence pain perception. Age related chamdeain volume in
areas involved in pain processing have been ideritifieBNIC response has also been found to
negatively correlated with a§f@ However the implication of these changes are not known, but

caution should be used when interpreting our results.

(ii) Group Size

Although this study overall had 74 participants with 14 subjectagh group, it is still a small
study and it is difficult to take the conclusions formed here and apeiy to the population at
large. The areas identified do fit with the current theories of which afet®e brain should be
activated and deactivated during anticipation but further study ofitbigo is required or inclusion

of this data into large meta-analysis but more substantial generalisations nzde.

(iii) Perception
No significant differences in cutaneous perception were seen betweetudlgegsoups. This is

despite known altered visceral sensation previously documented in DD aed aliGaneods*3'®

322, 480 and visceral sensitivity” *** 3*°peen demonstrated by several groups in IBS and animal
model$?”. Studies by Verne and colleague has suggests that viscera-somatlap owf

hypersensitivity may also occur in IBS as we hypothesised iffDtY. However in this study 78
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patients were assess with 57 controls to identify this, which is greateththanmbers used in our
study. This may be one reason why our sensory testing regiésnot significant between the
groups’. Also the scale we used from 1 to 10 may have been limitingzortinuous, patient
operated or variable system, which allows rating of each individual paialis may have been

more useful.

It’s also important to note that our fMRI results are of VAS temperature stimulus. This is a
subjective reported pain stimulus which aimed to be consistent acrotsdsligsoups. This was
assessed in the scanner anteroom, before entering the scanner.dibie plogt subjective rating of
this temperature may have changed due to individual anxiety or fatfters once placed in the
scanner and may be the reason for altered VAS scores at the esxchgaradigm. Unfortunately
we were unable to perform further analysis of fMRI brain respaiesasconsistent temperature of
45°C as mentioned in the results. This additional analysis may have aidemtetztton of our
VAS temperature results and allowed a better assessment of group thermalityesitsdicerebral

level rather than subjectively reported.

(iv) Analysisand resolution

As mentioned previously, this study use whole brain secondary deadysis without masking
within the brain. This allowed identification of regions that we would Beehhypothesised and
looked for on other techniques, such as ROI analysis. Howesgdetiinique did give greater risk
of false discovery and made the data less robust to withstand correctmonlfipie comparisons.
When analysis beyond the group maps was performed, feleatsults withstood correction for
multiple comparisons. Thus is it possible that some of our activated reganbe false. Also we
did not gate our image collection to compensate for respiratory and \aeditar movement

which could have affected the images obtained from smaller areas suclasrsem.
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This is why we have only discussed larger regions of activati@reéas which have previously
been identified by several studies. Thus we feel that despite this potemtialuitdindings are still

valid.

2.5.8 Futuredirections

The study is important as it is the first to suggest both periphedalcantral sensitisation in
symptomatic diverticular disease patients. The PHQ12 questionnaire may alsolielssimeple
tool to try and divide patients into those with peripheral and central aemps This would help
treatment in this group by allowing selection of peripherally acting) a8 mesalazine, or centrally
acting, as amitriptyline, medications. However further trials are nedednfirm the use of the

PHQ12 for this purpose.

The PHQ12 score may also be useful in other general surgical and gastiogy conditions and
an adjunct to clinical judgement in complex cases. In patients who are requastyegy for
symptoms, such as pain, the PHQ12 may be helpful in deciding inwhage there is a central
component to their symptoms and that surgery may not be as benefitsalvdiid help in the
counselling process for surgery and potential exploration of otstrmient options. It would also
help in consent process. This is important as evidence of centrélssgios in patients has been
shown to influence the outcomes of surg&tyThus future studies in a range of different

conditions could use modified versions of the PHQ15 or 12 score.

The MRI techniques used in this study are not new. However there idigloteruse them to
further research diverticular disease. This includes using MRI data and corralsgieg pain
processing with genetic variables. Correlation of pain processing chambhgeraSNPs or alleles
or binding of key receptors is starting to explore chronic pain priocebgyond structural and
functional MRI. These techniques may also identify geffétar neuro-chemical chand&s*® In
trigeminal neuralgia and FM decreased mu-opioid receptor binding in cteusiaccumbef% 484

amygdala and dorsal cingul&tthas been shown to be altered in patients compared to controls.



However increase levels of glutamate and glutamine in the posterior ajyduswermyo-inositol
levels in the sensori-motor and hippocampal areas have also beefieiddntifM patient&.
Similar studies could also be performed in SDD and may lead to develophimtter assessment
tools, research options and potential treatments. There is also potential to investigatertd and
peripheral action of known and new medications to identify those that maybkaeficial effects.
One study in IBS patients has already shown that amitriptyline reduces iantightthe ACC
during painful rectal distensions and stf&ssPregabalin and SSRI have also been shown to
influence the activity in amygdala, ACC and insula during anticipati@mmtive visual imagé8”

88 Similar studies with cognitive behavior therapies may also be helpful, anthetiegsto be
performed in other conditioffS. In IBS, anticipatory activity in bilateral orbito-PFC and medial
temporal gyrus, predicts greater symptom improvement after 3 wafeldiT3R antagonist
Alosetrot®. Thus some anticipatory and descending control may be importastuciress of
medication in chronic pain conditions. Our findings in SDD and IBSpgonay therefore help in
the development of further studies to look at the effects of bothatemd peripherally acting

medications in these groups.

In our study, identification of the S1 and S2 regions were chatignghd it was difficult to

reliably identify these areas. Further analysis is needed to assess them.

Further research is also needed to identify the underlying causes of digertisease and the
development of SDD to try and understand the genetic and psychologidappsitibn that may
influence its development, such as have been undertaken for IBShaftéfalkerton outbreai.
Other influences such as obesity can also be studied using clinical and intecfimigues.
Although this study has started to describe the heterogeneity of SDD, thtHeaisd long way to
go to fully understand how pain is processed in this camddand what techniques we may use to

diagnose and treat it successfully.

12¢



Chapter 3: Mechanistic randomised controlled trial of Mesalazine

in symptomatic diverticular disease

3.1 Introduction

Although painful diverticular disease is relatively common, there has beerrdgarch in the
underlying mechanisms and treatment of pain. Recent studies rngdHet al and Simpson et al
have demonstrated an association between increased mucosal gadacytoaimes in DB 26 8
491 However the mechanisms underlying this chronic low level inflammagie not fully

understood. Nevertheless, several treatment options have been traditsurgdlysted. These

include:

3.1.1 Surgery

Previous surgical interest on DD has focused on prevention of complicatibowirig acute
diverticulitis or for the surgical treatment of complicated disease. lertdiulitis, surgery was
aimed at preventing recurrence, future complications and to impraalgygaf life. However,

recent studies failed to show an improvement in the quality of lifeosetpost-surgefy?**”

The experience of pain depends in most cases on both a peripherabasgdrpathology and the
transmission of pain impulses from the organ to the central mgrsgstem and ultimately the
cerebral cortex. Some studies in IBS suggest an improvement ofspaiptoms on local
anaesthetic administration to the rectum, and suggest that tonic imfralsethe affected organ
maintain symptoms and global hypersensitfftyOther studies on chronic pain groups suggest
that effective treatments such as hip replacement for painful ddiétgrmay resolve central
associated structural changes such as grey matter &fréfflyHowever in DD, one study suggests
that painful symptoms persist even after surgery to remove the affecpeist, implying that the
central component predominates in at least some DD p&tieritarther study is required in this

area along with improvement in classification and reporting of DD patienpgirélowever it may

12¢



suggest that in some patients, the surgery itself, previous Ddnimfatory events or the individual
predisposition may result in persistent ‘phantom’ pain, driven primarily by central abnormalities in

pain processing.

3.1.2 Medications

A variety of dietary supplements and medications are prescribed for DBHthioel evidence base

for most is very weak when judged by modern stand3rd¥ They include:

(i) Fibre e.g. bran, ispaghula and methylcellulose

There has been only one small cross over randomized control tribkfeffect of bran, ispaghula
husks or placebo in symptomatic ®and only one small RCT of methylcellulose compared to
placebo in symptomatic D No significant effect was reported in the improvement of
abdominal pain, evacuation of stool or general symptoms over the duvétibe studies. There
was also a significant withdrawal rate from the studies. Although fibre &as & traditional
treatment for diverticular disease, and has implication in its aetiologse th no evidence that it

relieves the symptoms in symptomatic disé&se

(ii) Laxatives

The effect of lactulose has been compared to high fibre diet imeale RCT°%. Unfortunately the
study was not placebo controlled and outcomes were not clearly definedth8oagh fibre and
lactulose may help with constipation there is no strong evidence torsupeir use in treating

pain or other symptoms.

(iii) Antispasmodics

Although antispasmodics are commonly used in patients with retafsdominal pain, there have

been no RCTs to support their use in diverticular disease.
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(iv) Antibiotics

Rifaximin is a non-absorbable antibiotic that has received particular interest in dtraeiné of
symptomatic diverticular disease and is thought to act on gastrointestimah$lavell as mucosal
inflammation. There have been 4 RCT studies of rifaximin and dietarg, flut no RCTs of
rifaximin alone vs. placebo. In 3 of the studfé8® the rifaximin was given in 7 day per month
pulse treatments with daily fibre over 12 months. All showedesbemefit in symptoms, which
included pain. However, although randomized, these studies were nethéind were not placebo
controlled. There has been a small double-blind cross over studyspnggtomatic DD patients
using 20g/day of dietary fibre, with 1200mg/day of rifaxingn placebo. The study found that
global symptoms scores, abdominal pain, bowel habit and bloating wereviexl with rifaximin.
However the medications were only taken for 14 days with a 30 ddyoutam-between, which
reduced interpretation of results and the long term benefits. Unfortyinaiak of these trials

provide adequate evidence for the use of pulsed or long term antibidibBbin

(iv) Mesalazine (5-aminosalicyclic acid, 5-ASA)
There has been increasing interest in the use of mesalazine to elingingteras in symptomatic
diverticular disease and to prevent recurrences of diverticulitis thougthqgality studies are still

lacking (Table 13.1).

Mechanism of action

The mechanism of action of mesalazine is not fully understood. loigyhh to act mainly within
the colon being delivered to the colon where around® i3 absorbed by the mucosa. Its
effectiveness is dependent on its mucosal concentration, with veryyitisc distributioft®>2

It appears to have anti-inflammatory, anti-oxidant, anti-tumour anetiglceffects'®>2!516 522p¢

the key to its clinical benefits is unclear

In the mucosa, 5-ASA anti-inflammatory mechanisms include inemragulation by inhibiting

nuclear factor kappa B (NFRBRelA/p65, kB degradation and other signaling pathwiys*2
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inhibiting production of cytokines, eicosanoids, TNF-alpha and interferatirtg?®* *** Inhibition
of cellular proliferation and invasion and induction of apoptosis has also ideetified in
diverticular diseas&®™ and models of malignanc§®>*®as well as inhibition of lipid peroxidation
5-aminosalicyclates also act as free radical scavetigetd 5-ASA has been shown to inhibit
epidermal growth factor receptor signalling in colorectal cancer (CRI)limes *** and can
increase cell death in non-adherent CRC HT-29 cell suspensions,spgseadependant and
independent pathwa¥4. It has been shown to alter inflammatory ¢&fland mediators, such as
TNF-alpha, IL-1Beta and TGF-bétad ****® pPpAR-gammd®, cyclooxygenase/prostaglandin
pathway3™ °% platelet activating factdt, matrix metalloprotineas&$, Toll-like receptor

pathway3™, superoxide dismutaé trefoil factors®, heat shock proteins, henmxygenasel

activity’>* and mucosal barrier functiof

The mucosal barrier function has been implicated in several gastrointestinabdisaah as celiac
IBD>** >*¢ IBS**’  during normal aging processand stressful eventS. Thus mesalazine has the
potential to act on peripheral immune and barrier function which haveitngdinated in IBS and
diverticular disease. It has also been shown to reduce fecal bacteria Hifiammbthis antibacterial

action may also contribute to its beneficial effects in both colitis and DD.

Clinical studies

Although there have been no robust RCT of mesalazine in SDD, thesrdden a study of
mesalazine in IBS. In a small open label prospective study by Andrews 61a)f2 12 women
with diarrhoea predominant IBS received 1.5g BD of mesalazineviaeks. The study found that
67% of patients had a favorable response on global relief score and thabtadedh decreased.
However this returned to baseline during the 4 week wash out paftexdthe medication was
stopped. There was an increase in bacterial species such as Firmicutastaruidetes, especially
in responders. This suggests that changes in gut bacterial populatignsiflnuence mucosal

immune functions and contribute to pain relief. A separate cross-sdcsiuuly looking at the



colonic mucosa showed decreased mucosa-associated bacteria in IBD patients withated

mesalazine, despite ongoing mucosal inflammation

Clinical studies of Mesalazine plus other agents

Other clinical studies looking at the effectiveness of mesalazine havet iisembmbination with

other medicatiort§ (Tablel3.1).

(a) Probiotics
There have been several studies, using L casei or VSL#3 450billipns&tment for 10

*52or balsalazid®® Although benefit was found with

days/month with and without mesalazitte
mesalazine and probiotics, the results of these studies are difficult to interpras B&tsuse the
studies were open-labeled, the treatment regimes were pulsed and patiexit® Hekn previous

treated with a course of mesalazine and rifaximin prior to commencirsguithg.

(b) Rifaximin

Several studies have used a combination of rifaximin and 5-ASA witip&ason to rifaximin
alone or to varying doses of rifaximin or mesalaZihé®**°® Treatment was given in pulses of 7 to
10 days per month. All reported improvement in global symptomescor bowel habit and
reduction in the occurrence of diverticulitis. Although many of thasgiet have high numbers of
participants, the study designs make it difficult to compare results betviglerand identify the
true effect of mesalazine alone. Many trials use pulsed treatments o13@#&ys per month rather
than continuous, even though a study suggested greater efficamawhent in the continuous
rather than pulsed groups (per protocol: 77.8% vs. 56°3%)terestingly 5% of participants broke
protocol in the ‘pulsed’ medication group and were withdrawn. Some trials did not use
randomization of participants and failed to perform endoscopy at the bagiohithe study to

confirm the presence of diverticular disease and exclude any other gastraihtestiitions®®
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All the above studies have focused on symptoms reported by the patticipa@re have been few
mechanistic studies to compliment the change in reported symptordiverticular disease.
However there has been a recent mechanistic double blind placebo contrdllesf REsalazine
in IBS patient3® This Italian study involved 20 patients with Rome I criteria IBlaxebo or
mesalazine (800mg TDS) for 8 weeks. Colonoscopy and mucosal biopsieshe proximal
descending colon were performed at the beginning and end of tlye Bhe results demonstrated a
decrease in inflammatory cells in the mesalazine treated group. Oypesudntalysis the only
significant decrease was found in the TRYP+ mast cells. Significant desragnflammatory
mediators IL-1beta, tryptase and histamine were also demonstrated. Téereowsignificant

reduction in reported symptoms except general wellbeing and treatment satisfactio

It is important to note that this study was small, with only 10 participargach treatment arm so
the study was not powered to detect differences in symptoms. Theati®tp included with all
subtypes i.e. mixed, diarrhoea and constipation predominant IBS. glthihese factors could
have weakened the study’s power, Corinaldeskt al’s study®*® does suggest potential benefit in IBS
and encouraged us to explore its use in diverticular disease. Thig aftiee literature shows that
better evidence is required such as can only be obtained with a well designed plateblled

double blinded RCT of mesalazine in symptomatic diverticular disease.
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Table13.1 Tabulated open labelled non-placebo controlled studies of mesalazine in SDD

Gatta et al
2011°%®

Tursi et al
2008°%

Comparato
et al 2007°%°

Tursi et al
2007

Number
Total: 149
Mesalazine =
67

Controls = 82

Treatment

Pulsed 10 days per month
Non randomised

Follow up and Results

Duration: 5 years

M = 50 completed study
C =75 completed study
No significant difference
in development of
diverticulitis. Symptom
changes not reported.

Total 71

M1: Mesalazine 800mg
10days/month

M2: Mesalazine 1.6g
10days/month

LM1: Mesalazine 800mg +
lactobacillus casei6
billion/day 10days/month
LM2: Mesalazine 1.6g +
lactobacillus casei6
billion/day 10days/month
L: lactobacillus casei 16
billion/day 10days/month

Duration: 24 months
88% symptom free.

Not significant difference
between groups.

Total: 268
R1 =66
R2 =69
M1 =67
M2 = 69

R1 Rifaximin 200mg BD
R2 Rifaximin 400mg BD
M1 Mesalazine 400mg BD
M2 Mesalazine 800mg BD

Duration: 12 months

M1 vs. R1 p=0.04

M2 vs. R2 p<0.0001

V0 vs. Vend significant
for all except R1
Improvements on global
symptom score, tenesmu
bloating, diarrhoea
bleeding, frequency and
wellbeing after 12 months
Overall mesalazine had
greater symptom
improvement than
rifaximin

Total 40
Randomised
toGrpAorB
1:1

Grp A: Mesalazine 1.6g/day
Grp B: Mesalazine 1.6g/day

for 10 days per month

Duration: 8 weeks
treatment and 21 months
follow up

34 completed study
At 24 montfs:
Symptom free p<0.05
77.78% in Grp A
56.25% in Grp B
Symptom Recurrence
p<0.005

5.56% in Grp A
31.25% in Grp B
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Table 13.1 continued. Tabulated open labeled non-placebo controlled studies of mesalazine in

SDD

Tursi et al
2006 %%

Di Mario et
al 2005°%°

3.2 Aims

Number Treatment Follow up and Results
Total: 90 M: Mesalazine 1.6g/day Duration 12 month
L: L. Casei DG 16 hillion/day 85 patients completed
15 days per month study
LM: Mesalazine 1.6g/day + L 88.2% symptom free [IIT
Casei DG 16 billion/day 15  analysis]
days per month M=76.7%
L=76.7%
LM = 96% p<0.05
Symptom Recurrence =
11.1%
Total: 170 R1: Rifaximin 200mg BD Duration: 3 months
R1: 39 R2: Rifaximin 400mg BD Global symptom score
R2: 43 M1: Mesalazine 400mg BD  used decreased in all
M1: 40 M2: Mesalazine 800mg BD  groups but R1 p<0.0001.
M2: 48 ....For 10 days per month Greatest decrease in

symptoms in mesalazine
groups p<0.001

To undertake a pilot mechanistic, 2-group parallel design, randomized contradledf anti-

inflammatory treatment (Mesalazine) in individuals with symptomatic ticedar disease to

identify biomarkers to assess the relationship between inflammatiorypdosns.
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3.3 Methods

3.3.1Trial Design

This mechanistic double blinded, randomised [1:1], parallel group pildy sitti Mesalazine in

symptomatic DD was initially designed in 2007 and approved by theRradd=thics Committee

and Medicine and Healthcare Regulatory Authority (REC reference: 07/Q3486¢B EudraCT

Number: 200830619826). The protocol was published on ClinicalTrials.gov (NCT00663247)
April 2008. There were no deviations from the original study protddw. trial was conducted in

accordance with Good Clinical Practice (GCP) guidelines.

3.3.2 Participants

(i) Recruitment methods

Participants were identified from colorectal surgery and gastroenterology outpaiecd at
Nottingham University Hospitals and Royal Derby Hospital (UK), endoscofsydisNottingham
University Hospitals and from databases of individuals with diverticulaeade who had
previously expressed an interest in participating in clinical research, held attitnealNBostitute of
Health Research Nottingham Digestive Disease Biomedical Research unit (NIHR NDDC BR
Additional recruitment was achieved via approved advertisements orahosgice boards and
local newspapers (Nottingham Evening Post, Recorder and Metro)otahtfal participants were
contacted using a standardized letter and study participant information sheen éénitsent was
gained prior to any further contact or in accessing potential participants hospigeneral
practitioner (GP) records to confirm a diagnosis of diverticular diséasly participants who had
1 or more diverticulum present in the descending or sigmoid colobadom enema, flexible
sigmoidoscopy or colonoscopy or on CT scan were eligible forttialy.sStructured telephone or
faceto-face interviews and patient Hospital and GP records were also used tancoitiier

eligibility criteria (Table M3.1).



Table M 3.1 Inclusion and exclusion criteria

Inclusion Criteria

1.

Symptomatic diverticular disease with short lived recurrent abdominal palinhfmur or
longer on 3 or more days a month for 3 or more months.

18- 85 years of age.

Signed informed consent

Presence of at least one diverticulum in the left colon

Exclusion Criteria

Pregnant or lactating women.
Severe co-morbidity, alcoholism or drug dependence or inability targfivened
consent.
Contraindications to use of Mesalazine, including
a. Renal failure
b. Liver failure
Inability to stop NSAIDs (non-steroidal anti-inflammatory agentdpng term
antibiotics.
The use of specific concomitant medications:
a. Immunosuppressants, e.g. azathiopriné-mercaptopurine, methotrexate
cyclosporine or any other experimental drugs
b. Non-steroidal anti-inflammatory drugs (NSAIDs) for more than e2kg
cumulatively (exceptions: acetylsalicylic agidd00mg/d and paracetamol for
analgesic use are allowed)
c. Oral, rectal or intravenous corticosteroids
d. Oral antibiotics: e.g. metronidazole, ciprofloxacin (exceptions: these medications
are allowed for a 7 to 10 day course only, if deemed necessaryrfditions
unrelated to study disease)

e. Mesalazine-containing or releasing drugs (e.g. mesalazine, olsalazine,
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sulfasalazine, balsalazide)
f. Laxatives, anti-diarrheal or anti-spasmodic drugs as permanent tréditeen 1
week)
g. Analgesics as permanent treatment (i.e. > 1 week), except if deemedangcess
for conditions unrelated to study disease
6. Presence of other gastrointestinal inflammatory conditions such as ulcerditise co

Crohn’s disease and Coeliac disease.

3.3.3 Study Setting and interventions

The study took place between September 2008 and January 2011at thiN\NIHRBRU, based
at the Queen’s Medical Centre (Nottingham University Hospitals, Nottingham, UK). Eligibility
criteria were confirmed prior to obtaining written consent from all participdPasticipants
received up to £150 to cover out of pocket expenses for the duratioa sfudy. The study lasted
3 months and was divided into screening (2 weeks pre-medicatimhmedication (12 weeks, 5

visits) periods (Figure M3.1).

Visit 0 - Screening and Baseline measur ements

Participants completed previously validated questionnaires regarding their boweabdobitinal
pain, somatic symptoms (PHQ-15: patient health questionnair& &byl anxiety and depression
(Hospital Anxiety and Depression score (HADS)) Clinical history and examination, with
measurements of pulse rate, rhythm and character, blood prdesyperature, saturations, height
and weight, were performed. Blood samples were taken for baseline full ¢tdootl (FBC), urea
and electrolytes (UE), liver function tests (LFTs), coagulation (Caad)for super sensitive C-
reactive protein (SS-CRP) and peripheral blood inflammatory cytokBiesd for SS-CRP and
cytokines was centrifuged at %5 for 10 minutes at 2000g to allow separation of the serum. The
serum was removed using sterile pipette (Eppendorf, Research RlaygicConcept, Germany)

and the sample stored in eppendorfs2€fC immediately to prevent degradation. Urine sample



was also collected and tested using URS-100 and/or Combur 7 dipsticksiegmostics, CA,

USA, and Roche, Switzerland). A 2.5 - 5ml urine aliquot was store3fd .-

Figure M 3.1 Schematic of interventions and follow up during Trial.

2 weeks 2 weeks 4 weeks
<> <>

B —il — i
It 1 | | | ne

Screening Visit

Stool samples taken

1 Diarysheet (1 or 2 weeks)
- Study Visit 1-5
ﬂ Unprepared flexible sigmoidoscopy & biopsies

Urine samples taken

Serum samples taken

Participants also had the option to undergo an unprepared flexible sigmpiglastioer at the
screening visit or at the subsequent visit 1, in 2 weeks time.flékible sigmoidoscopy was
performed in dedicated research facilities within the NIHR NDDC BRU by accreddetitiopners
using an Olympus scope (CF 240L Olympus, Essex UK) and STA¢R60 SL EVIS, Olympus,
Essex UK). Six biopsies were taken from the sigmoid around thedd<digerticula and six from
the rectum using forceps (2.4m Cold Captura Biopsy Forceps, DBE30-20-S G5606,
Limerick, Ireland): Two were immediately placed in cyrotubes (NUNC Cybe$u[363401],
Thermo Fisher Scientific, Langenselbold, Germany) and frozen in ligjtriegen, two placed in
1.5ml of RNA later (R0901, Sigma-Aldrich, Dorset, UK) for 24-4&pto being frozen at80°C
(as per manufacturer’s instructions), and 2 placed in formalin pots (4% Formaldehyde, Genta

Medical, York, UK) for histological assessment.

During the subsequent 2 weeks, participants completed daily diaries docuntleatthgation and

intensity of their abdominal pain, general wellbeing, bloating and baateish including scores of
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bowel frequency and consistency, using the Bristol Stool Ch#gag® seeAppendix 6.9 for
example of diary sheets). They also collected a stool sample 24hrsopatbending for their next
visit. If a sample was not obtained in time, participants were able to retampesusing secure

pre-paid envelopes by post. Stool samples were stor@@°at upon receipt.

Medication: Visit 1
Medication was dispensed on study visit 1, approximately 2 weeks ladtescteening visit, and
after participant diaries were checked. Three grams of medication, either mesalapiacebo,

were taken each morning by participants for the duration of the study.

All participants had 24hr access to a medical health professionalgdilnéir participation and

follow up. Adverse events were treated and recorded as per GCP angrstiodypls.

M edication: Visits 2-5

Subsequent follow up visits for monitoring and data collection were pegtbrat 2 or 4 weekly
intervals as per the protocol (Table M3.2 and Figure M3.1), to alloly éatection of rare
mesalazine complications, such as renal or liver impairment, and aplastic anaparaytopenia
Prior to each visits participants completed a 7 day diary of bowel furatid abdominal pain and
collected and stored a stool sample. Participants returned any used medicationvéditeand
were issued with further medication to last until their next visit (+6 daysase of in-adverted
delays in returning). This allowed recording of left-over trial medicatxuarned at the follow-up
visits and the final visit as well as by checks of the diary by thestigator as a measure of
compliance. At each study visit, apart from visit 1, urine was collected amd t'estetect any
renal impairment. An aliquot of urine was stored at each visBC-freezer. Participants were

also asked at each visit if they had satisfactory relief from their diverticulateyrap

At visit 5, additional questions were included if they thought theyewiaking the mesalazine or

placebo and if ey would continue the medication. If participants did wish to ‘continue’ the
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medication, their care was transferred to National Health Service Gastroenterologyrieapar
their general practitioner, where they were prescribed mesalazine and appropridteing could
also take place. Also on the final visit, additional blood was taken for fin&@F¥Sand cytokines
and a further unprepared flexible sigmoid endoscopy with 6 biopsies frakerthe sigmoid and
rectum, as for baseline. At the end of the study, all unused medicatitmwent documented
destruction by the Clinical Trials Pharmacy according to local policy. Receiptsedication

destruction were set to Dr Falk Pharma for confirmation.

TableM2.2. Visit schedule.

Visit no. b Week no. Time window [days]

Screening visit

Baseline

Interim visit

Interim visit

Interim visit

Final visit

3.3.4 Laboratory methods

0) RNA M ethods
RNA was extracted from 1 sigmoid colorectal tissue biopsy in FRatéy, which had been stored
since collection in dedicate@3°C tissue storage facilities at the FRAME laboratory (Nottingham
Medical School, Nottingham UK). All samples were extracted within a 2 week pafied
completion of follow up of all the trial participants. TRI reagent® (Sigma ighdrUSA
Pcodel01078497 T9424) extraction of RNA, Qiagen column cleari BpA (Qiagen USA Cat
No 74106) and creation of cDNA were performed in the FRAME labgratader the supervision

of Dr A Bennett, using standardized protocols, which can be fouAgpendix 6.10.
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(i) Genecard

Custom made 96 gene micro-fluidic gene cards (Format 96a; P/N 4342338%d Biosystems
California USA) were constructed after review of potential molecular pathweaglvéd in chronic
inflammation and nociception in diverticular disease, irritable bowel syredamd inflammatory
bowel disease. Each card was designed to analyze 96 genes with nq fiepeatscDNA samples
simultaneously. Housekeeper genes, which were chosen to be cdlysestpressed during the
trial duration, included 18s, Beta-Actin, ribosomal protein large PO (RPled hypoxanthine
phosphoribosyltransferase 1 (HPRT1). A full list of genes selectatidagene cards can be found

in Appendix 6.11.

Micro-fluidic cards were loaded and analyseger manufacturer’s instructions® 2 In brief, 60ul of
cDNA was created using 1ug of RNA and Superscript Il reverse tipteses (Invitrogen USA
Cat No 1808M93), according to manufacturer’s instructions. 50ul of DEPC (Diethyl
pyrocarbonate: Sigma-Aldrich USA D5758) treated HPLC grade water ahd of Universl
Tagman master mix (P/N 4304437, Applied Biosystems, California) &% added to create a
final volume of 220ul. The micro-fluidic gene card has 8 wells, witlvells for each of the 4
samples. 100ul of the samples were placed in their correspondirgyamellthe plate centrifuged
twice at 1200rpm for 1 minute using a Sorrall ST40 centrifugerfhbscientific, Loughborough
UK). The plate was sealed with a plate sealer (Model 4331770 Rev A.Bied\@iosystems
California USA) and loaded into the 7900HT Fast Real Time PCR systerysandlpplied

Biosystems California USA).

Initial analysis to generate CT values was undertaken using RQ managarsdfersion 1.2
Applied Biosystems California USA). As more than 10 cards were ubédl,analysis was
uncertaken in two stages. Corrections to the automated analysis werargetfior ensure that all

thresholds and baselines were identical between the analysis groups.
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CT values were then exported as text files and incorporated into andpreatl sheet (Microsoft)
to allow assessment of the housekeepers and calculation of the geonesricand relative
quantification (RQ). The sample used as the baseline for RQ analysiRXBB5 sigmoid

baseline, as this sample demonstrated good expression with only 2 gengsdalinplify.

(iii) Histology

Sigmoid colon and rectal biopsies preserved in formalin histology pots wesdfetrad to the
Histology Department at Nottingham University Hospitals. All samples were pegsgryparaffin
blocks and3um sections cut and mounted on slides. The samples were dried for 20 minutes at
room temperature and then at’6Cfor 20 minutes. Samples were stained by Dr Claire Hawkes in
dedicated Immunohistochemistry (IHC) Laboratories at the Nottingham Witivétospitals for
lymphocytes (CD3), macrophages (CD68), proliferating cells (KEY) endochromaffin cells
(Serotonin, 5HT) using a Bond Max automated staining processor (Meicasystems) (Please

see Table M2.3 for antibodies and dilutions).

Stained slides were scanned at *20 (5HT) or *40 (CD3, CD68, KI67) fizaion using a
NanoZoomer 2.0-HT (Hamamatsu, Japan) in the Photography DivisiotheofPathology
Department at Nottingham University Hospitals. Tissue architecture was alsgnegawith

haematoxylin and eosin (H & E) stained sections by a consultant pathdivgisZaitoun.
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TableM 2.3 Immunohistochemistry antibodies and dilutions.

Antibody Dilution Notes

KIi67 Clone MIB1, NCL-L-KI67- | 1:50 Antigen retrieval for 30 minutes with ERZ
MM1, Leica Microsystems, (AR9640), a readye-use EDTA based
Milton Keynes, UK. pH9.0 solution

CD68 Clone KP1, M0814 Dako | 1:3000 Antigen retrieval for 20 minutes with ER
UK Ltd. (AR9961), a readye-use citrate based

pH6.0 solution

[ 5051 | NCL-L-CD3-565, Leica 1:100 Antigen retrieval for 20 minutes with ERZ
Microsystems, Milton (AR9640), a readye-use EDTA based
Keynes, UK. pH9.0 solution
5HT clone 5HT-H209, M0758, | 1:200 Enzyme pre-treatment for 10 minutes
Dako UK Ltd.

(iv) Histology assessment
All scanned slides were assessed using NanoZoomer digital pathology virtual slidesoéware
(Hamamatsu, Japan). Coefficients of variation were verified to be <@.teanoducibility >90%
for each IHC stain prior to assessment of the samplesAppendix 6.12). All slides were
anonymised by the Pathology Department prior to staining. This pesleparticipant
identification by the researchers performing the cell counts. The protimcotell counting for

each stain are:

CD3
CD3 positive cells appeared dark brown. Only cells with positivaistaiand an identifiable

nucleus were counted. Cells within the epithelium and lamina proia assessed, with areas
adjacent to lymphoid follicles being excluded (Figure M3.2A). Up to 18aenfy selected areas of

epithelia and lamina propria were assessed and number of cellsrerafoulated and used for
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further analysis. Care was taken to include equal amounts of supddidiaépithelial) and deep

lamina areas when measuring the lamina propria

CD68
CD68 positive cells appeared dark brown. Only cells with positiveistaiand an identifiable

nucleus were counted. Cells within the lamina propria were assegséu with areas adjacent to
lymphoid follicles being excluded (Figure M3.2B). Up to 15 randonelected areas of lamina
propria were assessed and number of cells pet cafoulated and used for further analysis. Again,
when measuring the lamina propria, care was taken to includé aequunts of superficial (sub-

epithelial) and deep areas.

KI67
KI67 positive cells appeared dark brown. Only cells with positive sigiiand an identifiable

nucleus within the epithelium were assessed, with areas adjacent to igniplioles being
excluded. Up to 15 randomly selected areas of epithelia were assessed aadaiwals per mrh

calculated and used for further analysis.

SHT
Only cells within the crypt mucosa were assessed. 5HT positive cells eppuizak brown. Up 15

crypts per slides were measured and divided into deep and superficianseRigure M3.2C).
The number of positively stained cells in each area was recordad alith the deep and
superficial areas, the perimeter of each segment and the lengthrcofghelhe number of cells per

mn¥ per segment was calculated and used for further analysis.
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Figure M3.2 Histological assessment of (A) CD3, (B) CD68 and (C) 5HT using Naowm&r

digital pathology virtual slide viewer software at *20 Magnification.

(A) CD3 epithelial measurements
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Figure M3.2 continued. Histological assessment of (A) CD3, (B) CD68 and (C) 5HT using

NanoZoomer digital pathology virtual slide viewer software at *20 Magnification

(C) BHT crypt epithelial M easurements
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(v) Faecal calprotectin

The assessment of Faecal Calprotectin was performed by Dr Louise Hawke at then®wpair
Pathology (Nottingham City Hospital, Nottingham University Hospitals, UKhe baseline and
final visit stool samples were extracted using the device for stool collg@mlprest collection
device, Code 9062, Eurospital, Trieste, Italy). Faecal Calprotectin analysisawés out by
ELISA (Calprest kit, Code 9031, Eurospital Trieste, Italy) according to the manufacturer’s

instructions.

(vi) Super Sensitive CRP

Serum samples were frozen 26°C and transferred to Leeds Teaching Hospital for processing, via

to Biochemistry Laboratories at Nottingham University Hospitals using theiatdized protocol.
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(vii) Liquid chromatography and mass spectr oscopy

Extraction of samples, analysis and interpretation of results was peddosn Dr Srinivasarao
Ravipati and Prof D Barrett between 20/12/2012 to 22/12/201. The dnesieal was developed by
Dr A Wong (Biochemical Sciences, University of Nottingham). The data \wemdysedin

GraphPad prism using a paired non-parametric T-test (Wilcoxon).

3.3.4 Outcomes

The primary endpoint was the difference in change in galanin aralémig receptor 1 expression
from 0 (baseline) to 12 weeks (Visit 5) or on withdrawal betweeratazine & placebo treated
groups. This end point was chosen based on previous work suggestiagsed galanin and
galanin receptor 1 mRNA and protein in patients with symptomatic divierticliseas®" *°:
Secondary endpoints included differences between mesalazine and plamgiowjith respect of
changes from 0-12 weeks or withdrawal of: (1) mRNA of inflarlamacytokines, (2) cell counts
of CD3, CD68, 5HT (serotonin) and KI67 positive cells, (3) Faecal daigiin and (4) Abdominal

pain, stool frequency and mean stool consistency.

Galanin and Tachykinin staining for protein

Multiple attempts at staining for galanin, its receptors and for tachykingpt@s were performed.
Despite the use of several different commercially available antibodies, we werecedssul and
could not replicate the results of Simpson &, &bimpson et al performed their staining at a
specialist laboratory in Lund, Sweden, with antibodies which were not caiathe available.
Other groups have reported similar problems in the reliability of adigdd °"*°"> Thus we will

only report changes in gene expression.

3.3.5 Sample Size Calculation

The aim of this pilot study was to identify inflammatory markers whichy be useful in
distinguishing painful symptomatic diverticular disease patients with lowegr#thmmation in
whom Mesalazine may be an effective treatment. No prior study has |aiketarkers of

inflammation in diverticular disease and so no formal power calculatiobegerformed. A prio
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study using just 21 ulcerative colitis patients found a significantteffdedlesalazine on the levels
of mucosal interleukin 1 (IL-£§°. Therefore given a sample size of 40, it should be possible to

detect a significant difference between two groups (i.e. mesalazine and placebo

3.3.6 Randomization and Blinding

The mesalazine granules (Salofalk) and placebo were manufactured andepabliaDr Falk
Pharma and were identical in packaging, cqlei#e and taste. The participants’ randomisation
numbers were generated by Dr Falk Pharma prior to commencemeeatstdidly and consecutively
allocated as participants were recruited into the study. All medication was stored Qfirtical
Trials Pharmacy (Queen’s Medical Centre University of Nottingham, UK) prior to dispensing to
the participants at each study visit. The code was kept in a sealed envelse iof adverse
reactions, when it could be opened by the Clinical Trials Pharmacy. Tieeveas not broken
during the duration of the study and the envelopes were only opéeedompletion of laboratory
sample assessment. This maintained the blinding of all participants and climicatatif in the

NDDC BRU and Clinical Trials Pharmacy.

3.3.7 Statistical Analysis

As this study is a pilot study of only 40 participants, no interimyaseal were performed during the
study. All questionnaire, genetic, biochemical and histological data wasl sStoMicrosoft Office
Access 2007 (Microsoft USA) database and transferred to SPSS (versitBiML,5Rortsmouth
UK) and GraphPad Prism (Version 5, California USA) for furthetyaig To determine whether
randomisation had been successful the baseline characteristics of the tws grol the
withdrawals were compared using Mann-Whitney U. The outcome measfupeisicipal interest
assessed in the biopsy samples taken at the screening visit and aisfin@ months) in a per
protocol analysis. As the study was not powered to assess efficacy of mesalgmam relief, an
intention to treat analysis was not performed. A paired non-pararietest (Wilcoxon signed-
rank test) was used in per-protocol analysis to compare between the baselfital measures in

the placebo and mesalazine group. Statistical significance was p<0.05 level.
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3.4 Results

3.4.1 Participant Recruitment

43 participants were recruited to the study between September 2008 aay 2&il. Participants
attended screening visits and follow up visits over a 3 month pasiqutr protocol (Table M2.2).
If a participant withdrew prior to commencing medication, the medication ietefad them was
re-allocated to the subsequent participant who completed the screening perioal. Apiproval
was granted in August 2010 to recruit up to 50 participants to alowhé& withdrawals prior to
commencing medication. However once 40 participants had received medicatitmaltiveas
closed to further recruitment, maintaining the study numbers as paidgimalbprotocol. One set of
study medication was ‘spoiled’ during the study, resulting in 39 participants starting medication as

part of the trial.

Recruitment for the study offered challenges, as many potential participanisawithl SDD are
treated by GPs in the community. Our initial poor recruitment rates were\egpiby targeting
these potential participants through newspaper advertisements and vianthey Bare Research
Network (PCRN). Figure R3.1 demonstrates the recruitment rate anchphevements obtained

by using these alternative recruitment methods.

3.4.2 Participant Flow, Exclusionsand L osses

Two subjees withdrew during the 2 week baseline period due to ‘resolution of their symptoms’ or
did not respond to further attempts to contact by the research teanmdmovere withdrawn by
the research team; 1 who was unable to tolerate an unprepared fiegibtedoscopy to obtain
initial colorectal biopsy samples and 1 for an unrelated musculoskeletal probtarring further

investigation by a NHS rheumatology team (Figure R3.2).
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Figure R3.1 Annotated graph of recruitment rate for Mechanistic RCT.
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Purple arrows indicate time at which recruitment interventions were initiated. tAtvémtions
were Ethical and Local Research and Development office approved. DRH = DeféiyHRapital,

PCRN = Primary Care Research Network.
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Figure R3.2 Flow Diagram Overview of participantsrecruited tothe Trial.

. Derby Royal
Advertisemen .
ST Hospital NHS
88 sent information 74 sent information 7 sent information 120 sent information
Positive Responses =25 Positive Responses= 12 Positive Responses=3 Positive Responses= 3

Screening visit

Withdrew prior to start:
n=43

1 symptoms resolved

1 Unable to tolerate endoscopy

1 Lost to follow up

1 Commence investigation for unrelated

Commence study medical complaint (meditfation not
h=39 taken but unable to be reissued)

Withdrew from commenced study
3 Worsening pain
1 Recurrent symptoms
1 Social circumstance
1 Unrelated adverse event

I 1 Consent withdrawn for final endoscopy |

Completed Study
n=32

l 1 Stopped medication prior to final Biopsy |

Advertisements include newspaper and hospital poster boards. Clinics cme lthsed at

Nottingham University Hospitals. PCRN = Primary Care Research Network.

During the 12 week medication period of the study, 6 participants neithd-igure R3.3 outlines
the withdrawals which occurred in each treatment arm. Four of these fareneorsening

abdominal pain or recurrence of original symptoms. The worseningrabdl pain resolved after
stopping medication in each participant, but reoccurred with re-challengéesé subjects were
withdrawn with agreement between the participant and the research tearpa@nipant had a
change in family circumstances which prevented further travel to the NORWC dhd asked to be

withdrawn.

A further participant suffered a severe adverse event 2 weeks after comgnetudy medication
(Visit 2). This was detected by the researcher after the participant mensgngatoms of

breathlessness on exertion, which had started before recruitment intadjédgt the participant
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had not mentioned during screening. This symptom had subsedoectime worse during the last

2 weeks before the visit. The participant had given a previous)hist®VT, but investigations
confirmed only a slight troponin rise of 0.070 ng/ml (uppeitlinormal 0.040 ng/ml), a normal
ECG and a negative D-Dimer. The participant was admitted to the Nottingham Universit
Hospitals where a cardiac echo, exercise tolerance test and CT Pulmonarygfateri€TPA)
were performed. These confirmed a diagnosis of a pulmonary embatid the participant was
commenced on warfarin. The participant ceased their medication on admisksaspital and was
subsequently withdrawn from the study by the research teamtolihe onset and participant risk
factors, the adverse event was classified as unrelated to the stuihg the analysis phase the

participant was found have been allocated to the placebo arm of the study.

During the final visit, 2 participants disclosed that they had not consjstaaien or had
prematurely stopped the medication. The reasons for this were not@ieapf these participants
also withdrew consent for the final endoscopy and biopsies, althoughditiegomplete the
gquestionnaires and provide blood and stool samples. The othenéufdhe study team that she
had not taken the medication for 5 days previously, which lead rtee stata loss during the

analysis.
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Figure R3.3 Participant Flow diagram and withdraws per treatment arm.

Commence study
n=39

Placebo Mesalazine

Withdrew from study Withdrew from study
1 unrelated 3 Worsening pain
adverse event 1 Recurrent symptoms
1 Social circumstance

1 Consent withdrawn
Completed study Completed study || for final endoscopy

n=18 n=14

\ J
|

Analysis of: 1 Stopped medication
Pain and stool diaries early
IHC & RNA from biopsies
Stool samples

IHC = Immunohistochemistry, RNA = colorectal biopsy RNA analysis

3.4.3 Basdline Data

The baseline characteristics of the mesalazine and placebo groups are demondabtedR3.1

A-E. As a considerable number of the withdrawals were from the mesagzinp, demographic
data on the withdrawal group has also been included. However, 1 participadtewitprior to

collection of demographic data and before commencing medication, so ordyt16f the 11

withdrawal subjects have been reported.

Table R3.1A-B demonstrates the age range, sex, body mass indexgBiMpyevalence of a past
medical history of diverticulitis, abdominal surgery, psychiatric historyssnaking prevalence of
the placebo, mesalazine groups as well as the withdrawals. The diaghai®rticulitis was
based on hospital records, CT reports or on interview with thécipant giving a history of
>24hours of abdominal pain, fever and a prescription of antibiotics. ifibk dolumn in table
R3.1A and B includes p values for the continuous (Mann WhithddWU) or categorical (Fisher

Exact test) data. Participant method of diagnosis and recruitment éngtuitily is shown in Table
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R3.2 A-B. As pain experience can be influenced by social situatempgraphic data on marital

status was also collected Table R3.3.

Table R3.1 Demographics and Co-morbidities of participants per group.

A: Demographics

Median Age

Placebo (A)

N=18

66 yrs

Mesalazine (B)

N=14

64.5 yrs

Withdrawn

N=10

62.5 yrs

P =0.3417

(Yrs) (Range) (32-80) (45-77) (43-74) MwU
Male (%) 9 2 7 P =0.0608

(50%) (14.3%) (70%) Fishers exact
BMI (Kg/M?2) 28.94 32.98 26.82 P =0.0800
(Range) (23.59-35.01) (20.10-48.96) (20.06-34.21) MWU
Diverticulitis 6 6 2 n.s.
diagnosis (33.3%) (42.9%) (20%)

B: Co-morbidity

Anxiety or

2

4

3

P=0.3649

Depression (11.1%) (28.5%) (30.0%) Fisher Exact
Prev. Abdominal 13 13 6 P=0.3589
Surgery (72.2%) (92.9%) (60.0%) Fisher Exact
Smoking

None 7(38.8%) 6 (42.9%) 5 (50.0%) n.s.

Ex-smoker 7 (38.8%) 6 (42.9%) 4 (40.0%)

Smoker 4 (22.2%) 2 (14.3%) 1 (10.0%)

Operations include: appendectomy, total abdominal hysterectomies, surgery fectaguic
pregnancy, sterilisation, laparoscopy (+/- adhesiglysisolecystectomy, hernia repairs, lipoma

removal, removal of un-descended testicle and TURP. n.s. = not significant
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Table R3.2 Method of diagnosis and recruitment of participants in Placebsalstzine groups and

withdrawn groups.

A: Diagnosis Method

7

Mesalazine

N=14

4

Withdrawn

N=10

3

Endoscopy

Missing Data

B: Recruitment Method

Advert

(38.9%) (28.6%) (30%)
0 4 1
(28.6%) (10%)
11 5 6
(61.1%) (35.7%) (60%)
0 1 0

11

(7.1%)

7

8

Clinic

Database

Royal Derby Hosp

(61.1%) (50%) (80%)
3 4 2
(16.7%) (28.6%) (20%)
1 0 0
(5.6%)

1 3 0
(5.6%) (21.4%)

2 0 0
(11.1%)

BE = Barium Enema, Endoscopy = flexible sigmoidoscopy or colopysco



Table R3.3 Marital status of participants in per group.

Social Support Mesalazine Withdrawn

N=14 N=10

Married or 12 11 7
Living as married (66.7%) (78.6%) (70%)
Living with Friend 0 1 0

(7.1%)
~ Divorced 2 1 1
(11.1%) (7.1%) (10%)
3 1 0
(16.7%) (7.1%)
1 0 2
(5.6%) (20%)

(a) Baseline Gastrointestinal symptoms
Both gastrointestinal pain and bowel habit were assessed at baseline. Gastaligastimas
divided into ‘attacks’ of pain lasting 1 day or longer and other episodes of pain or discomfort that

occurred during their normal bowel habit.

(i) Pain > 24hrsduration

A pie chart demonstrating the incidence of pain lasting greater than @dhtseatment arm and

withdrawals is shown in Figure R3.4.
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Figure R3.4 Incidence of Pain >24 hours duration per treatment group over the last 12 months

prior to recruitment into study.

Placebo Mesalazine Withdrawn

m 21 week

M 2-3 per month
W 1 per month
M 1-6 per year
m Never

However although some of the participants answered that they did havagtizig for >24 hours,
they then answered further questions with estimates of their longedy@oal attack of pain at
values less than 24 hours. These results are shown in Table RiSrdpassented graphically in
Figure R3.5. Figure 3.5B shows a biphasic distribution suggesting/titie most patients with
recurrent pain had short-lived pain some had bouts lasting sevgsmbkdggesting a somewhat

different mechanism.



Figure R3.5 Participants estimation of the duration of their (A) longest and (B) typical attdicks

Pain. NB: In (A) 1 data point in the mesalazine group lies beyond the axiddnies at 1440 hrs
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Table R3.4 Participant Answers to questions on pain greater than 24 hours in duratio

Mesalazine Withdrawn

(B)

9

Yes: Pain >24hrs: 16 14

(%) (88.9%) (100%) (90.0%)
Est. pain >24hrs 10 10 7
Longest Attack (%) (55.6%) (71.4%) (70.0%)
Est. pain >24hrs 5 8 6
Typical (%) (27.8%) (57.1%) (60.0%)
All Longest Attack
60 24 120
Median Duration P=0.9834
(0.50-720) (3.0-1440) (3.0-8760)
(hrs) (Range)
All Typical Attack
3 15 72
Median Duration P=0.7067
(0.08-144) (0.17-120) (2-8760)

(hrs) (Range)

Est. = estimate
Two subjects in the placebo and 1 in the withdrawal group diéxperience pain >24 hours but

did report shorter lived episodes.

(i) Pain with normal bowel habit

The number of days per month of pain that occurred without changes to the participants’ normal
bowel habits and the duration of that pain is shown in Table R3t5alNwmarticipants experienced
pain as part of their normal bowel habit. However basepasticipants’ answers to questions on
pain lasting longer than 24 hours as well as pain during normal bowigl &alulfilled the pain
inclusion criteria for the study. It is worth noting that the mediaration of a typical attack in

those withdrawing was 3 days suggesting that they may havadradsevere symptoms.
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Participants were also asked if they believed any dietary groups rhanicé their gastrointestinal
symptoms, such as consuming fibre, fruit and vegetables or dadytédfs. These are also shown

in Table R3.5.

Table R3.5 Participants reporting and their estimation of pain duration during episéaesmal

bowel habit and their beliefs on exacerbating factors.

Placebo Mesalazine Withdrawn P Value
(A) (B) N=10 Avs.B
Yes: Pain with
normal bowel
habit (%)
Median Pain 16 7 18
n.s.
days/mnth (IQR) (4.0-30.0) (4.0-30.0) (5.3-30.0)
Median Pain
3 4.5 16
duration n.s.
(1.0-24.0) (2.0-24.0) (4.1-24.0)
(hrs) (IQR)
Affected by Bran 3 3 4
(16.7%) (21.4%) (40.0%) n-S.
Affected by Fruit 8 9 6
(44.4%) (64.3%) (60.0%) n-s.
Affected by Dairy 3 6 2
(16.7%) (42.9%) (20.0%) n-S.

The extent of which pain interfered with participants lives was indicatetthe questionnaire by
the number of participants who visited their GP or were admitted to hospitalsbectuheir
gastrointestinal symptoms. Participants also gave an estimate how mariiedagiad to stay at

home in bed over the last year. This information is presented in Talie R3
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(iii) Bowel Habit
Baseline bowel habit over the last year was assessed by questionnaifgartidipants asked to
estimate their bowel frequency and incidence of other symptoms pkr(Wage R3.7). This was

used to confirm prospectively collected stool diaries.

Table R3.6 Hospital Admissions, GP Visitsand Bed Days per study group.

Placebo Mesalazine Withdrawn P Value

(A) (B) N=10 Avs.B

GP visits: Yes (%) 10 9 6
(55.6%) (64.3%) (60%)

Median Number of 1 1 1 n.s.

GP Visits (range) (0-52) (0-15) (0-7)
W 4 6 1 n.s.

Admissions (22.2%) (42.9%) (10%)

Yes (%)

Stay in bed (Home) 6 9 4 P=0.1527

(%) (33.3%) (64.3%) (40%) Fisher exact
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Table R3.7 Baseline bowel habits per study group over thelast 12 months (retr ospective)

% affected
(Median Placebo Mesalazine Withdrawn P Value
days/week)[Range]
Median BO/day 1.5 2 15 n.s.
(range) (0.29-5.0) (0.64-10.0) (0.57-3.0)
Loose Stools 55.6% 71.4% 50% n.s.
(number per week) 3 2.25 0
(0-7) (0-7) (0-5)
Hard Stools 72.2% 57.1% 50% n.s.
(number per week) 1 2 1
(0-7) (0-7) (0-7)
Lo 556% 57.1% 40% n.s.
(times per week) 0.25 2 1
(0-5) (0-7) (0-7)
forzency e 50% 20% n.s.
(times per week) 0 0.5 0
(0-7) (0-7) (0-5)
FTenesmus™ S BTN T 85.7% 70% n.s.
(times per week) 15 2.25 1
(0-7) (0-7) (0-7)
Incontinence 16.7% 21.4% 40% n.s.
(times per week) 0 0 0
(0-2) (0-1) (0-1)
Mucus 16.7% 42.9% 60% n.s.
(times per week) 0 0 0.25
(0-3) (0-7) (0-7)
Bloating 61.1% 71.4% 70% n.s.
(times per week) 3 2.25 4.5
(0-7) (0-7) (0-7)
Blood 3 6 2 n.s.
(Number affected, %) (16.7%) (42.9%) (20.0%)
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3.4.4 Analysis Groups

As mentioned previously, one participant in the mesalazine group stopped ticatioed days
prior to the end of the study. As it was only 5 days of continunissed medication at the end of
the study, we decided to include her data in the study up until vidierdfinal biopsy sample was
processed for RNA gene card but the data has not been included imlifssas it is uncertain if
5 days of missed medication would potentially influence changes ineggamession. One further
participant in the mesalazine group also failed to complete their visit 5 diary pcdomfaeting the
study. In this case participant diary information up to visit 4 was iedud the analysis. As the
participant had continued medication until visit 5 all biological samples were usthe iper-

protocol analysis.

Thus 18 participants in the placebo and 13 participants in the mesalaaine were used in
analysis of mechanistic endpoints. For Baseline characteristics and ensypgibdm assessment,

18 participants in the placebo and 14 participants in the mesalazine groupaketedn

3.4.5 Endpoints and Outcomes

Mechanistic endpoints were achieved using the gene card to calculate the reiatitrey.gFour
housekeeper genes were employed to be used in RQ calculation. Themgeareogshould remain
unchanged by the interventions. However on statistical analysis e&lg&s for the house keepers,
HPRT1 was significantly different between groups using oneAN®VA (Kruskal-Wallis test)
(p=0.0080). Paired t-test (Wilcoxon Signed-Rank Test) between baselinBnah samples per
treatment arm identified significant differences between the placebo [(18S0.0009) or the
mesalazine groups (RPLPO, p = 0.0266) in 2 further housekeepes ghieh were excluded.
Therefore all gene card RQ values were calculated using Beta-Actin (Bfkeasousekeeper

(Figure R3.6).

Non-parametric test were used for all gene card statistical calculations duernmathgasnple size

which reduced the confidence in assuming normal distribution of the Staples which were
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greater than 3 standard deviations away from the mean were exclNdedenes became

significant or not from these exclusions.

Figure R3.6 Graph of CT value distribution of Housekeeper genes between stadiménts arms.
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(&) Primary Endpoint
The primary endpoint was the change in expression of galanin recep®ALR1) expression

from baseline (pre) to final (post) visit due to mesalazine. No signifdiffatence was identified

(Table R3.8).

Table R3.8 Relative Quantification of GALR1 RNA from sigmoid biopsies per study

treatment arm.

Mesalazine

Median

M edian M edian M edian

(IQR) (IQR) (IQR) (IQR)
2.253 1.916 0.4210 1.970 1.374 0.1465
(1.61-2.65)| (0.88-3.29) (1.19-3.18)| (0.85-2.57)

(b) Secondary Endpoints
(i) RNA analysis
The results have been organized to reflect the pathways of interest ordikesl on which the

gene card was originally designed. Significant results have been highlighielti

a. Pain associated receptors and pathways

Several other neurochemical transmitters, receptors and pathways, aparGAbRL, were

analysed and shown below in Table R3.9.



Table R3.9 Gene Card analysis of sigmoid colonic samples at baseline and final visigierent

arm- Pain associated Receptors and Pathways. Wilcoxon Signed-Rank Test

Gene

Pre ‘

Placebo

Post

Pre

Mesalazine

Post

M edian M edian M edian Median
(IQR) (IQR) (IQR) (IQR)
GALR2 1.157 1.397 0.3165 1.375 1.522 0.7869
(0.82-2.76)| (0.61-2.19) (0.99-2.62)| (1.07-2.04)

Bradykinin Receptor

BDKRB2 1.419

(1.21-1.89)

1.394

(0.83-1.90)

Endocannabinoid Signalling

CNR2* 0.3523

(0.27-0.47)

0.3787

(0.18-1.03)

1.182

(0.83-2.01)

0.5845

(0.18-1.06)

0.7459

(0.58-1.33)

0.3249

(0.22-0.49)

1.880 1.863 0.8961 1.530 1.038 0.0171
(1.67-2.45)( (1.14-2.65) (1.13-3.64)( (0.75-1.94)
NAPEPLD 1.805 1.624 0.0979 1.519 0.9221 0.0007
(1.40-2.33) | (0.96-2.30) (0.99-3.22) | (0.66-1.31)
Serotonin (5HT) Signalling
HTR4 0.9756 1.263 0.5713 1.197 0.8621 0.4973
(0.83-1.51) | (0.79-1.76) (0.66-1.97) | (0.69-1.57)
SLC6A4 1.008 0.4318 0.0815 0.9134 0.5449 0.0681
(0.49-1.53) | (0.19-0.88) (0.73-1.53)( (0.28-0.87)
1.532 1.314 0.2959 1.419 0.9606 0.0803
(0.94-2.59) | (1.02-1.97) (0.95-2.79)| (0.74-1.71)

IQR is interquartile range.

* N is reduced to 17 for the placebo group.
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Table R3.9 Continued. Gene Card analysis of sigmoid colonic samples at baseline andisimal

per treatment arm Pain associated Receptors and Pathways. Wilcoxon Signed-Rank Test.

Gene

Placebo

Mesalazine

Pre

Post ‘

‘ Pre ‘ Post

M edian M edian Median Median
(IQR) (IQR) (IQR) (IQR)
Tachykinin Receptors
TACR1 0.3457 0.4668 0.6325 0.4254
(0.22-0.64) | (0.26-0.63) (0.37-1.22)| (0.29-0.81)
VP 1461 1.042 0.8498 1.833 2.113 0.6848
(0.56-2.65) | (0.76-2.02) (0.96-2.17)( (1.17-2.69)
WentReceptor Potential Channels
TRPA1 2.207 2.032 0.5700 2.108 1.402 0.0171
(1.30-3.04) | (1.26-2.74) (1.64-2.94)( (0.82-1.76)
TRPV1 1.346 1.368 0.5136 1.432 0.7200 0.0574
(1.09-1.94)( (0.94-1.90) (0.95-2.12)| (0.58-1.60)
TRPV4 0.8971 0.8188 0.3604 0.9204 0.7840 0.1677
(0.57-1.57)| (0.47-1.27) (0.58-1.53)( (0.49-1.14)
Nerve Growth Factor (NGF) Signalling
NGF 2.106 1.519 0.8961 1.821 2.173 0.6355
(0.77-3.41) | (0.80-3.21) (0.83-3.89) (1.27-3.26)
0.5130 0.6019 1.0000 0.6593 0.4475 0.1677
(0.33-0.93)( (0.41-0.90) (0.40-1.02)| (0.38-0.53)
NTRK1 0.7232 0.9197 0.5713 0.6162 0.5893 0.7869
(0.31-1.21)| (0.45-1.23) (0.30-1.02) (0.30-0.97)

* N is reduced to 17 for the placebo group.



b. Arachidonic acid Pathway (Table R3.10)

Table R3.10 Gene Card analysis of sigmoid colonic samples at baseline and final efisit p

treatment arm- Arachidonic acid Pathways. Wilcoxon Signed-Rank Test.

Gene ‘

Placebo
Post

Pre

Mesalazine

Post

‘ Pre

M edian

(IQR)

Lipoxygenases

ALOX 12 0.5187

M edian

(IQR)

0.3285

Median
(IQR)

0.4619

Median
(IQR)

0.1682

(0.13-0.87)| (0.13-0.99) (0.06-0.96)| (0.04-0.57)

ALOX 5 0.7831 0.9174 0.9653 1.002 0.5747 0.0012
(0.62-1.22)| (0.53-1.37) (0.67-2.65)| (0.50-0.92)

ALOX 15 1.055 1.475 0.8276 0.9200 0.6000 0.2439
(0.54-2.99)| (0.59-2.13) (0.67-2.16)| (0.50-1.08)

ALOX15B 3.232 2.426 0.1169 4.002 2.757 0.0803
(1.55-5.31) | (1.41-4.74) (2.19-7.01)| (2.18-3.91)

ALOX5AP 0.9717 1.102 1.0000 1.164 0.8888 0.1099
(0.73-2.00)| (0.67-1.72) (0.84-1.71)| (0.64-1.41)

Leukotrienes

LTA4H 1.816 2.289 0.6013 2.739 2.583 0.6355
(1.04-3.06) | (1.72-3.51) (1.47-3.48)| (2.00-3.26)

sl 0.9183 0.8554 0.1507 0.8711 0.6859 0.2439
(0.78-1.50) | (0.61-1.39) (0.62-1.53)| (0.50-1.37)

DR 1.297 1.340 0.7605 1.230 1.050 0.7869
(0.80-1.78)| (0.80-1.58) (0.91-2.17)| (0.78-1.62)

Phosphodiesterases

PDE4B 0.6052 0.6496 0.4859 0.7303 0.4073 0.0034
(0.39-0.98) | (0.39-0.74) (0.50-1.05)| (0.31-0.60)

PDE4D 1.278 1.487 0.7605 1.402 1.452 0.7354
(1.05-1.94) | (1.06-1.78) (1.03-1.89)| (0.93-1.87)

* N is reduced to 17 for the placebo group.

17C




Table R3.10 Continued. Gene Card analysis of sigmoid colonic samples at baseline and §ital vi

per treatment arm Arachidonic acid Pathways. Wilcoxon Signed-Rank Test.

Mesalazine

Prostaglandins
PTGES2 0.9289
(0.93-1.41) (0.61-1.35) (0.73-2.05)| (0.52-1.05)
0.8089 0.8915 0.4080 1.071 1.027 0.0803
(0.54-1.32) (0.57-1.34) (0.89-1.92)| (0.83-1.24)
1121 1.063 0.3165 1.035 0.8106 0.0005
(0.86-1.53)| (0.63-1.64) (0.86-1.97)| (0.48-1.07)
0.8578 0.7827 0.2763 0.8345 0.4170 0.0266
(0.53-1.25)( (0.50-1.04) (0.61-1.53)| (0.30-0.71)
PTGER1 1.210 1.135 0.5136 1.988 0.9720 0.0215
(0.71-1.74)| (0.67-2.06) (0.93-2.35)| (0.72-1.35)
PTGER3 1.158 0.9481 0.0674 1.129 1.107 0.7869
(0.51-1.79) | (0.53-1.14) (0.82-2.18) | (0.54-1.87)
Thromboxanes
TBXA2R 1.212 1.154 0.3838 1.842 0.9917 0.1677
(0.88-1.92) | (0.80-1.69) (0.98-3.14) | (0.74-2.00)
TBXAS1 1.599 1.594 0.5136 1.643 0.9434 0.0002
(1.03-2.51)| (0.86-2.21) (0.99-2.71)| (0.68-1.35)
Others
PLA2G2A 0.9765 0.9838 0.9653 0.7582 0.4604 0.0574
(0.42-1.52)| (0.40-1.70) (0.45-1.39)| (0.31-0.98)
EPHX2 1.711 1.708 0.8617 2.052 1.170 0.0574
(1.12-2.09) | (1.12-2.67) (2.12-2.77)| (0.85-1.53)

* N is reduced to 17 for the placebo group.
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c. Cytokines, inflammatory mediators and cell migration markers (Table R3.11)
Table R3.11 Gene Card analysis of sigmoid colonic samples at baseline and final efisit p

treatment arm- Inflammation and cell migration pathways. Wilcoxon Signed-Rank Test.

Mesalazine

Post

1.092 0.9633 0.6220
(0.47-1.40)| (0.37-1.49) (0.37-1.96)| (0.37-1.01)
1.245 0.9245 | 0.2397 1.125 0.6921 0.0024
(0.50-2.14)| (0.42-1.86) (0.77-1.59)| (0.55-0.98)

Tumour Necrosis Factor F
0.6611 0.6341 0.9170 0.4435
(0.47-1.05)| (0.34-1.15) (0.61-1.40) | (0.36-0.69)
TS a|  1.266 1.650 0.7939 1.571 0.8645 0.0012

(1.00-2.30)| (0.72-2.28) (0.96-2.74)| (0.72-1.51)
TNFSF10 1.166 1.315 0.6319 1.119 0.7356 0.0024

(0.94-1.39) (0.70-1.59) (0.70-1.61)| (0.50-1.09)
TNFSF15 1.258 1.195 0.4080 1.656 0.6662 0.0017

(1.05-2.01)| (0.61-1.87) (1.03-2.73)| (0.45-1.44)

Transforming Growth Factor Beta Fami

TGFB1 1.086 1.277

1.274 0.7495

(0.71-1.92)| (0.75-1.65) (0.78-2.09) | (0.60-1.37)
TGFBR1 1.364 1.308 0.2959 1.514 0.8380 0.0081
(0.97-2.01) (0.99-1.77) (0.91-2.43)| (0.64-1.51)

TGFBR2 1.237 1.444 0.9653 1.452 0.7351 0.0046
(0.93-1.67)| (1.02-1.71) (0.77-2.06)| (0.61-1.31)

* N is reduced to 17 for the Placebo Group. ++ N is reduced toth# Mesalazine Group



Table R3.11 Continued. Gene Card analysis of sigmoid colonic samples at baseline andifibal v

per treatment arm Inflammation and cell migration pathways. Wilcoxon Signed-Rank Test.

Mesalazine

Interferon gamma

0.2105 0.1692 0.2109 0.1638
(0.11-0.55)| (0.07-0.33) (0.12-0.37)| (0.14-0.30)
Interleukins

IL2 1.223 1.620 1.418 0.7911
(0.59-2.07)| (0.59-2.27) (0.65-2.18)| (0.49-2.01)

0.3339 0.3988 | 05136 | 0.3791 0.2646 0.4548
(0.16-0.84)| (0.16-1.01) (0.19-0.87)| (0.20-0.62)

0.4706 0.4880 | 0.4548 | 0.7753 0.4836 0.3757
(0.33-0.77)| (0.34-0.66) (0.55-1.32)| (0.23-1.11)

1.114 1.124 0.8961 1.095 0.6988 0.4143
(0.50-1.82)| (0.74-1.62) (0.72-1.60)| (0.52-1.22)

IL17A* 0.5148 0.3299 | 02763 | 0.6033 0.3640 0.8394
(0.25-1.08)| (0.12-0.65) (0.05-0.99)| (0.07-0.76)

0.3503 0.3600 | 0.7605 | 05219 0.3061 0.4143
(0.28-0.46)| (0.20-0.56) (0.36-0.74)| (0.21-0.75)

* N is reduced to 17 for the Placebo Group. ++ N is reduced to 1& Mekalazine Group
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Table R3.11 Continued. Gene Card analysis of sigmoid colonic samples at baseline and §ial vi

per treatment arm Inflammation and cell migration pathways. Wilcoxon Signed-Rank Test.

Mesalazine

Chemokines and receptors

CMKLR1 1.531 1.521 1.732 0.8651

(0.92-2.15)| (0.67-2.07) (0.99-2.10) | (0.61-1.32)

1.749 2.100 0.7939 2.146 0.9454 0.0081
(1.31-2.82)| (1.18-2.59) (1.09-2.93)| (0.74-1.91)

3.490 2.614 0.8276 1.555 1.999 0.6848
(0.65-7.00)| (1.36-6.27) (1.28-5.16) | (1.45-3.55)

1.403 1.581 0.5136 1.415 1.026 0.9460
(0.73-2.35)| (1.14-1.99) (0.94-1.98)| (0.80-1.72)

1.289 1.541 0.9653 1.422 0.9693 0.1465

(0.90-2.36)| (1.18-1.73) (0.95-2.15)| (0.64-1.52)

Call migration Receptors and Ligands
MADCAM1 0.9788 1.198

1.103 0.8550

(0.69-1.45)| (0.57-2.09) (0.83-2.12)| (0.59-1.64)

VCAM1* 0.5868 0.8385 | 0.7764 | 0.9736 0.4717 0.0012
(0.50-1.45)| (0.52-1.09) (0.55-1.35) | (0.35-0.76)

SELE*,++ 0.8699 05690 | 0.8871 | 0.6249 0.4383 0.8984
(0.45-1.41)| (0.25-1.96) (0.25-1.16)| (0.17-1.30)

Ui | 0.4206 0.4536 | 05136 | 05373 0.5468 0.5879
(0.34-0.64)| (0.27-0.83) (0.29-0.81)| (0.30-0.65)

* N is reduced to 17 for the Placebo Group. ++ N is reduced to 1#& Mekalazine Group
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d. Pattern recognition receptors Table R3.12)
Table R3.12 Gene Card analysis of sigmoid colonic samples at baseline and final efisit p

treatment arm- Toll-Like Receptor (TLR) Pathways. Wilcoxon Signed-Rank Test.

Mesalazine

Post

1.202 1.051 1.170 0.7130
(0.62-1.66)| (0.63-1.94) (0.74-1.98) | (0.60-1.14)
1.377 1.465 0.3604 1.537 0.8932 0.0479
(0.94-2.49)| (1.05-1.94) (1.01-1.96) | (0.70-1.52)
1.255 1.278 0.8961 1.413 0.9781 0.0574
(0.78-2.11)| (0.80-1.70) (0.94-2.25) | (0.69-1.56)
1.120 1.096 0.3604 1.306 0.8202 0.0266
(0.70-1.73)| (0.73-1.31) (.99-1.78) | (0.66-1.19)
1.064 0.9126 | 0.2227 1.803 0.7961 0.03%8
(0.61-1.67)| (0.48-1.30) (1.01-2.18) | (0.46-1.76)
0.4506 0.5264 | 0.4488 0.7991 0.4976 0.0215
(0.34-0.73)| (0.30-0.68) (0.39-1.17) | (0.32-0.64)
1.765 1.678 0.6013 1.780 1.134 0.0105
(1.51-2.66)| (1.22-2.44) (1.15-2.99) | (0.90-1.76)
TOLLIP 1.754 2.100 0.9306 2.073 1.278 0.0803
(1.48-2.44)| (1.26-2.41) (1.08-3.15) | (0.93-1.88)
0.8938 1.021 0.6632 1.359 0.5925 0.0002
(0.76-1.57)| (0.60-1.55) (0.79-1.96) | (0.40-0.94)

* N is reduced to 17 for the placebo group.
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e. Tight junctions, Cytoskeleton and Extracellular matrix (Table R.2.13)

Table R3.13 Gene Card analysis of sigmoid colonic samples at baseline and final efisit p

treatment arm- Tight junctions, cytoskeleton and extracellular matrix pathways.

Wilcoxon Signed-Rank Test.

Mesalazine

CLDN2* 1.232

1.466

1.589

0.7469

(1.04-2.26) | (0.85-2.09) (0.93-2.94)| (0.55-1.52)

1.070 1.064 0.2763 1.043 0.7260 0.0105
(0.90-1.75) | (0.60-1.43) (0.72-2.17)| (0.35-1.23)

MUC3A:3B KA 1.182 0.6013 | 0.8763 0.6878 0.0327
(0.85-1.58) | (0.50-1.55) (0.64-1.86)| (0.20-1.29)

Tight Junction Proteins

1.803

1.622

1.427

0.9285

Matrix Metalloproteinases
1.303

(0.82-1.57)

1.367

(0.84-1.85)

1.352

(0.71-1.90)

(1.26-2.62) | (1.04-2.15) (0.94-2.54)| (0.61-1.64)
1.753 2.270 0.5421 1.958 1.310 0.0681
(1.62-2.49) | (1.28-2.69) (1.07-3.47)| (0.81-1.74)

0.7690

(0.49-1.33)

0.3518

(0.29-0.52)

0.3347

(0.16-1.18)

0.9653

0.4848

(0.27-1.04)

0.5800

(0.33-0.73)

0.4973

* N is reduced to 17 for the placebo group.
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f. Other Pain Related Genes (Table R3.14)

Table R3.14 Gene Card analysis of sigmoid colonic samples at baseline and final efisit p

treatment arm.. Wilcoxon Signed-Rank Test.

F2RL1(PAR2 1.841

1.571

1.944

Mesalazine

Post

1.056

a9l | (1.40-2.34)| (1.20-2.08) (1.49-3.37)| (0.77-1.25)
FPR2* 0.3096 0.4003 0.6701 0.6899 0.2195 0.0081
(0.21-0.88)| (0.21-0.54) (0.38-0.86)| (0.13-0.50)
2.130 1.946 0.0553 1.692 1.068 0.0061
(1.66-3.25)| (1.23-2.55) (1.17-3.24)| (0.83-1.86)
1.234 1.258 0.7939 1.238 0.8718 0.0171
(0.83-1.68)| (0.82-1.80) (0.72-1.88)| (0.70-1.38)
1.068 0.8621 0.1183 0.9210 0.6364 0.0479
(0.71-1.43)| (0.58-1.10) (0.48-1.69)| (0.42-0.83)
CYP2J2 1.650 1.436 0.8276 1.665 1.152 0.0942
(1.07-2.14)| (1.05-1.95) (1.00-2.38)| (0.74-1.63)

* N is reduced to 17 for the placebo group.




(i) Histology
Coefficients of variation were calculated per stain used prior to furtheldgstal assessment

(Table R3.15).

Table R3.15 Variation of Coefficients and reproducibility per immunohistochemistitybody.

Number of Number of Areas = Mean Coefficient = Reproducibility
samples assessed per sample of variance (%)
5HT 5 10 0.0223 97.8
CD3
3 10 0.027 97.3
Epith
CD3LP 3 10 0.053 94.7
CD68 4 10 0.062 93.8
KI67
3 10 0.078 92.2
SUPF
KI67
3 10 0.057 94.3
DEEP

Changes within the epithelium (Epith.), lamina and superficial (S)ceyml deep (D/crypt) crypt
mucosa are shown in Table R3.16. One sample from the baseline plasepovgs lost and not
processed. Two samples from the Mesalazine baseline group containedlntissme present and
could not be assessed except for CD68 and CD3. Other sample losses werarghiacts such as

folding of the sample.
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Table R3.16 Histological results of sigmoid biopsies from each arm of the study airséele)

and Final visit (Post). Wilcoxon Signed-Rank Test.

Placebo (A)

Post

CD3 1275 1030

Lamina. (893.3-1465) | (828.5-1444)

CD68

N=17 N=17
79.1 98.0

(56.2-246.1) | (0.0-202.5)

N=17 N=16

104.2 92.2

(64.7-165.3) | (77.7-112.3)

Mesalazine (B)

Post

1037 1051

(843.4-1406) | (753.6-1621)

N=12 N=13
60.3 65.3

(0-199.4) (0-148.2)

N=12 N=13

103.7 86.96

(61.4-139.2) | (61.4-139.2)




(iii) Faecal Calprotectin
One of the mesalazine final visit samples was inadequate and not procBssedts are shown in

table R3.17.

(iv) Super sensitive CRP
1 sample form the mesalazine group was excluded from analytbis ealue was greater than 20 at
both baseline and follow up visits. It is not certain why the CRPowasistently raised, but may
be due to upper respiratory tract infections (Baseline) and/or urinabjepre (Visit 4) that the

participant disclosed during the study. Results are shown in table R3.18

Table R3.17 Results of Faecal Calprotectin ELIZA analysis of samples from eachfaha study
at baseline (Pre) and Final visit (Post). Wilcoxon Signed-Rank Test.

Placebo (A) Mesalazine (B)

Post Post

Calprotectin
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Table R3.18 Results of Super sensitive C reactive protein (SS-CRP) analysimplesafrom each

arm of the study at baseline (Pre) and Final visit (Post). Wilcoxon Sigaek -Rest.

Placebo (A) Mesalazine (B)

SS- 1.13 1.78 0.7939 1.780 1.81 0.2036

Wio | (0.56-2.87) | (0.72-4.01) (0.50-3.69) | (0.89-5.40)

(v) Liquid Chromatography and M ass Spectroscopy (LCM S)

The results for LCMS are shown in table R3.19. Due to small sample seetaPand 1 sigmoid
samples were combined to maximise detection of different arachidonipatidday components.
Only arachidonic acid (AA), prostaglandin E2 (PGE2), prostaglardih (PGD2), 12-
hydroxyeicosatetraenoic acid (12-HETE), linoleic acid (LA), thromboxane{BXB.,),
arachidonoyl ethanolamide (AEA), 2-arachidonoyl glycerol (2-ASjpalmitoyl ethanolamide
(PEA), N-oleoyl ethanolamide (OEA) and leukotrieng{ETE,) were detectable. As detection
was difficult, the number of samples (N) that were detected and used isianglgiven for each

result in table R3.19.
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Table R3.19 Results of LCMS analysis of samples from each arm of the stubigseline (Pre)

and Final visit (Post). Wilcoxon Signed-Rank Test.

Placebo (A)

Mesalazine (B)

N=13
3.90

(2.4-12.4)

N=14
183.4

(120.8-419.0)

Post

N=14
6.95

(3.5-9.3)

N=15

205.1

(165.8-331.5)

N=11
6.70

(3.4-9.0)

N=11

270.9

(142.8-327.9)

Post

N=10 0.6250
4.60

(2.5-8.8)

N=10

204.4

(102.0-325.3)
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Table R3.19 continued. Results of LCMS analysis of samples from each arm of the sitidy

baseline (Pre) and Final visit (Post). Wilcoxon Signed-Rank Test.

Placebo (A)

Mesalazine (B)

N=13
78.00
(49.5-177.0)

N=14
9.85
(3.1-33.0)

N=13
77.60
(61.0-318.5)

N=14
1485
(100.5-430.5)

N=14
13.40
(7.8 - 38.2)

N=13
260.2
(123.1-347.5)

N=11
73.00
(66.0-156.0)

N=11
6.40
(3.8-19.8)

N=11
126.7
(96.4-182.5)

N=11
109.0
(55.0-207.0)

N=9
10.90
(3.4- 34.8)

N=11
135.1
(103.8-332.9)
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(vi) Participant Symptoms
Participant symptoms were calculated from diary sheet prospectively collected theistudy
period. Median values were calculated from scores given between 0 afdvbOparticipants in
Mesalazine Group did not complete visit 5 diary and values for visit 4instxhd (IXZ024 and
RWP033). Some patrticipants did not report bloating as a normal symptarefore results on
those who complained of bloating initially as well as bloating for all subfents been reported.
The difference between the baseline and final (Visit 5) scores are preseiadteiiR3.20. The
median pain duration per day (shown as VAS on 0-10 scale) pergtualy is shown graphical in

figure R3.7.

Figure R3.7 Median pain duration per day per group occurring during the trial.

1.2
——Placebo
. _ _ -=Mesalazine
0.8

) \ /
\/

Baseline  Vasit 2 Visit 3 Visitd Visit 5

Median Number of hours of pain /day
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Table R3.20 Changes in participant gastrointestinal symptoms from diary sheets ahbd&ek)
and final visit (Post). Wilcoxon Signed-Rank Test.

Mesalazine

Wilcoxon Post Wilcoxon

N=14

Pain

Intensity

Pain
Duration
Stool
Frequency
Stool
Consistency

All Bloating

Reported

Bloating

General

Wellbeing

Painetc. 0 = none 10 = severe; General well being 0 = unwell, 10 = excellent
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(vii) Participant Beliefs
At each visit participants were asked if they had relief or not from thearticular symptoms
during the last 2 or 4 weeks. Figure 3.8 demonstrates the percehfamgicipants who indicated

they did have relief per group.

Figure 3.8 Percentage of participants who had relief from symptoms per visit pgrtetatiment
arm.

100.0%

===P|acebo
90.0%

===[\lesalazine

80.0%

70.0% /

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0% |
Baseline Vist 2 Visit 3 Visit 4 Vist 5

NB: Placebo N= 18, Mesalazine N=14 except visit 5, where data from the partiwipameased

medication early was not included (N=13).

At the end of the study, without breaking the blinding of partidgan researchers, the participant
was asked if they thought they were taking the Mesalazine or the pldaghg the study. These
results are presented graphically in figure R3.9. Fisher exact test (Taksajaiee vs. Taking

placebo) demonstrated a p value 0.0914.
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Participants were also asked whether they would continue to take the medicafiered.ofl his

data is represented in figure R8and was not statistically significant.

Figure R3.9 Graphicalrepresentation of participants’ beliefs about the study medication they were

taking during the trial.

Placebo Mesalazine

M Taking Mesalazine

M Taking Placebo

W Don't Know

50.0%

Figure R3.10 Graphical representation of the percentage of participants wanting to conénue th

study medication they were taking beyond the duration of the trial.
Placebo Mesalazine

M Yes
H No

m Unsure




3.4.6 Complications and side effects

Out of all participants who entered the study 14 subjects (N=19, 73.7%¢ iplacebo and 16
subjects (N=20, 80%) in the mesalazine group reported new symplonmg the study. The
majority of these were unrelated to the study. In the mesalazinp §reubjects were thought to
have side effects from the mesalazine medication (N=20, 25%). Four participants e@velop
increasing abdominal pain which necessitated withdrawal from the stodywere discussed
above. A further participant developed diarrhoea with mesalazine. The particgzhmelief of
other symptoms from the study and was keen to stay witieirtrial. Therefore the dose of the

medication was reduced from 3g to 1g during the last 4 weeks stuithg with good effect.

Important to note is 1 participant in the mesalazine arm of the studyepbaed abdominal pain
and raised temperatures, consistent with an episode of acute diverticulitis. fidipgrarconsulted
their own GP and was prescribed a 5 day course of metronidazole aadegaptwhich resolved
the pain. The participant did not contact the research team during these evetitgramds no
imaging or biological samples to confirm the diagnosis. However the parttcif}d continued her
medication throughout this period. Other symptoms reported by participahts study are shown

in table R3.21 and are similar between groups.
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Table R3.21 Reported new symptoms during the study period by group.

Symptoms attributed to mesalazine medication are shown in italics

Symptoms

Gastrointestinal

Respiratory tract

Neurological

and

Musculoskeletal

Genitourinary

Placebo Group
Diarrhoea and Vomiting illness*2
New Abdominal Pain *3
e.g. upper or right sided
Diarrhoea
Constipation *3
Nausea
Perianal pain

Reflux

Mesalazine Group

Diarrhoea and Vomiting illness

New Abdominal Pain *5

Diarrhoea

Infection e.g. ‘Chest infection’,

Flu like lliness

Infection e.g. Sinusitis,

Flu like lliness

Headaches *2

Headaches *2

Leg Cramps Leg Cramps

Dizziness Dizziness

Myalgia ‘Tingling’ in legs
Haematuria
UTI

Bruising Palpitations

Breast discomfort Hot Sweats

Dental abscess




3.5 Discussion

3.5.1 Synopsis of the key findings

This pilot study was designed to look at the mechanistic effects of mesalaZsDD. The study
was not powered to identify efficacy of mesalazine in improving patsymptoms or for
performing an intention to treat analysis. Although the sample size a8, ghis study has
demonstrated some marked gene changes within the mesalazinet ibe nacebo groups.
Interestingly these are all located within gene families or pathways whictorsuiye anti-
inflammatory effects of mesalazine. These mechanisms of mesalazinedwree of increasing
interest recently, especially its anti-cancer activifieand may contribute to its effects in visceral

pan reported in other open labeled studfgg®°6% >78

3.5.2 Comparison with relevant findings from other published

(A) Genecard results

(a) Pain associated receptorsand pathways
There have not been any previous studies which have identified neurcghand/or receptor
changes that occur with mesalazine. Galanin and galanin receptor 1 (GAkREEsion have
previously been shown to be increase in animal models of visceralapdinin patients with
symptomatic diverticular dised8e®*® It was from this work that we chose changes in Galanin
receptor 1 as our primary end point for the study. However thadés were in patients with
diverticulitis, and these findings have not reached significance ihefugtudies of SDD by our
groug®. This may be why no significant difference in GALR1 and GALRas found in the
mesalazine group between the first and final visit (Table R3.8 and &8).R1 is expressed on
smooth muscle and colonic epithelial cells as well as nerves, and is thougltnfmobtant in fluid
secretion and motili/°. It can also be up-regulated by NFkB activation and down-regulated by
NFkB inhibitors, such as dexamethasdfieThe GALRs detected in our study will be from

epithelial cell expression rather than nerves, where the associated mRNériptsnare found

within the dorsal horn cell bodies and not the mucosa. As galamdinGALR1 anti-human
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antibodies are unreliable, it is difficult to assess any nerve associated galanin dhaoges

study**

0] Tachykinins

Tachykinin receptors are found in the enteric nervous system,tlsmuascle, epithelium and
immune cell¥®’. Our previous studies showed Substané® Bnd its receptors, TACR1 and
TACR2'* areup-regulated in SDD and animal models of coifti€® *°! They are also thought to
have a role in IBS, with TACR1 antagonists improving mood aaid patings and emotional
arousal circuits on fMRI imaging. However no studies have investigated the effect of
mesalazine. In our study Mesalazine did not appear to alter their expreds®omaly be because
mMRNA from the enteric and afferent nervous system would not ree ibhcluded in our biopsies
and changes in neuronal expression would not have been identified.tudately TACR1
antibodies are unreliable and it was not possible to examine changes in nexpoession in our

study**.

(i) Bradykinin Receptors
Bradykinin is an inflammatory mediator in the gastrointestinal systenBaaulykinin receptor B2
(BDKRB?2) has been identified on submucosal ganglia in the distal rat&lBhese receptors are
up-regulated in animal models of colfffd but their expression in DD and IBS has not been
assessed. In our study, BDKRB2 was significantly decreased comparaitheto nociceptive
receptors (Table R3.8 and 3.9). No other studies have assessed the fefe&EA on the
Kallikrein-kinin system, but a decrease in BDKRB2 would support theirftdimmatory effects
associated with Mesalazine. BDKRB2 have also been shown to be up-regulgseulpmonas
aeruginosa inflammation via an NFkB path#4wnd act via NFkB to increase IL6 expression in
synovial fibroblast€®. Also in cultured human coronary artery cells, BDKRB2 expression was
down-regulated with decreased cell proliferat{dnAs Mesalazine has been shown to decrease
cellular proliferatioi®® *** *¥"and inhibit NFkB activity*’, these mechanisms could be involved in

the decrease in BDKRB2 we observed.
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(i) Transient Receptor Potential receptors

Although TRPAL is commonly associated with gastrointestinal motility ang g also influences
anion secretiofi™ *® In our study TRPA1 was significantly decreased from visi & while the
change in TRPV1 was of borderline significance (p0.0574, Tabl@) RBthe mesalazine group.
TRPV1 and TRPAL on nerves fibres have been implicated in pain rrarmwgastrointestinal
condition$®*°2 and are up-regulated in experimental animal models of inflamm&tigii °%% %94
However it is unlikely that the change in mRNA in our study ie thuchanges in expression on
gastrointestinal nerves as the mRNA that produces these receptors comésef nerve cell body
located in the dorsal root ganglion. As well as unmyelinated enteric nerves, T&RVAL are
expressed as chemo receptors in epithelial and enterochromaffin cells anid sTasde layers*
Therefore the mRNA changes must be due to alteration of TRPV1 and1ITRAmMmMune and
epithelial cells. This and any altered expression on nerve terminals would neecdofiomed
with immune-fluorescence methods. Unfortunately reliable commercially availabiauaman

antibodies for TRPV1 and TRPAL1 are limited.

The effects of mesalazine on TRPV1 and TRPAL have not previouslyrbperted but their
decreased mMRNA does support the known anti-inflammatory and tipbtamti-nociceptive
activity of mesalazine. The reduction in TRPV1 and TRPA1 mRNA expressay be either as a
direct action of mesalazine or through by downstream effects ftloen mesalazine affected genes.
There are many genes which could be involved as TRPV1 and TRPA1l csendiéisedby
bradykinin and tryptases via PAR2 ***and have been linked to endocannabinoids and serotonin

pathway®’.

(iv) Endocannabinoids
The endocannabinoid system is thought to be important in gastrointestiaainration and pain
processing, by interaction with TRP, PPARalpha and other rec&fit@sdocannabinoid receptors
are found in epithelium, submucosa and muscle as well as the enteric reys@m®™ >*° There

are many enzymes involved in the manufacture and elimination afcendabinoids such as,



MGLL (monoglyceride lipase) which acts to hydrolase 2-AG and NAPB-Rhich is important

in the creation of anadamitf&

Endocannabinoid receptor agonists have previously been shownilia @ontractions in colonic
muscle strips from controls to a greater extent than strips from DD p#tieAtspotential
endogenous endocannabinoid, anandamide, has also been founcreasdd levels in DD
compared to contrdfd Increased expression of CBR2 in SDD compared to ADD has also been
identified®’. Endocannabinoids may also have a role in other gastrointestinaitiemsdas
different alleles of FAAH enzyme (C385A), which is the rate limitintgpsin anandamide
metabolism, is associated with D-IB% Treatment of diarrhoea in D-IBS by endocannaidino
receptor agonist dronabinol, have also shown to be influence byatiffSNPs of endocannabinoid
receptor 1 (CNRFf* 2 The endocannabinoid system has also been implicated in UC, with
expression of key enzymes and receptors in the mucosa, submuessde and enteric plexus

changing with severity of inflammatiots.

In our study expression of CBR2 was not altered in the mesalagioup, but there was a
significant decrease in MGLL and NAPE-PLD. This is in contrast todysof treated UC patients
which found an association between 5-ASA and increased expressiGldf and CBR2%.
However in this study most subjects included were treated with idderor other
immunomodulators as well as 5-ASA. This along with the different sispeocess underlying UC
makes interpretation of their results and comparison with our stufiguttif In other studies in
UC, increased anandamide levels, but nat®@-have been found in untreated UC patients’ mucosa
and animal models of colitis treated with 5-ASA using MS®®, However gene changes were not
assessed. The finding in 2-AG in this study supports our LGxiMBysis, where no difference in 2-
AG was found between groups. However we did not see a chaagarndamide (AEA). This may
be again due to the different disease process and use of cell lines.afgmgh we have
demonstrated a reduction in MGLL and NAPE-PLD, which manufacture Z#dsanandamide

we have not investigated the enzymes involved in their breakdiusihypothesised that increase
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anandamide levels may be due to 5-ASA inhibition of COX-2, reducéthtion and further
processing® °* This may explain the counterintuitive decrease in MGLL and NRRB-in our
study with the maintenance and/or increase in some endocannabimaiter studi€§® Thus,
further assessment of the endocannabinoid system would beecenularger RCTs of mesalazine

to confirm our findings and hypothesis.

(V) Serotonin pathway

Using immunocytochemistry, increase in 5HT producing cells in resectedsfg@bimens has
previously been reportétl. In contrast decreased 5HT transporter SERT, but not tryptophan
hydroxylase 1 (TPH1) mRNA, the rate limiting enzyme in 5SHT maciufe, or numbers of 5HT
positive cells have also been reported in mucosa of patients with a histiediculitis within
the last 6 montt¥&°. In a recently published study from our group, no signifiifference was
found in the number of 5HT positive cells in SDD or ADD grdths However in IBS, there is
evidence of increased mucosal serotonin availability in IBS with diarri@&&0) and 5HT3
receptor antagonists have been shown to relieve symiffoifis No studies have identified
alteration in components of the serotonin pathway with mesalazineurirstudy a trend to
decreased SERT (SLC6A4) and TPH1 was identified and may underlieo§dingemotility effects

associated with mesalazine. However larger mechanistic RCT are needed to tiwedi findings.

(b) Arachidonic acid pathway
Increased expression in prostaglandin E synthase has been recentlfiedlin SDD compared to
ADD*. As Mesalazine and other 5-ASA are known to alter the Arachidonic acid/aatits
effect on these pathways may be important in treatment of painisigtbup. In our study
significant decreased mRNA expression was found for lipoxygen@de€3X12 and ALOX5),
prostaglandins (PTGES2 [prostaglandin E synthase 2], PTGS1 [COXTGS2 [COX-2] and
PTGERZ1 [Prostaglandin E receptor 1]) and for thromboxane synth§EBXAS1). A trend for

reduced expression was also found for prostaglandin E synthaG&@) T15-lipooxygenase type
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Il (ALOX15B), phospholipase A2 and epoxide 2 hydrolase (EPHX2jvéver no difference was

found for enzymes involved in the leukotriene pathway (LTAUFB4R, LTCA4S).

The changes in prostaglandin pathways fit well with the literature. 5-&8#pounds have been
found to inhibit COX-2 expression and prostaglandin E2 produdti@ncolorectal cancer (CRC)
cell line (HT-115), even when the cells are stimulated with TNFalpha at8¥’- Mesalazine has
also been shown to inhibit COX-2 expression and production of PGERIBS treated colitic
mice’®. 5-ASA has also been show to inhibit thromboxane A2 activity Sipoxygenasg®®*?

which agrees with our study findings.

However, when 5-ASA was added to a suspension of isolated colonicahwetls from healthy
volunteers there was a reduction in LTB4 but not PGE2 syntf€sisThis is in contrast to our
work. However it is supported by another study in an animalemofi colitis, where 5-ASA
compounds have been shown to reduce PGE2 and TBX2 produati@nreon significant decrease

in LTB4 releas&"

Unfortunately the changes in gene expression were not supported bguadirchromatography

and mass spectroscopy results of AA pathway products which isséztbelow.

(c) Cytokinesand inflammatory mediators
Several cytokines have been linked to DD and other painful gastrointestinal amditi@ recent
study by Humes et al, who used genetic techniques and biopsies Mmnmepared colon, an
increase in TNFalpha was found in symptomatic compared to asymptomaticdivluals'®”.
This finding is supported by a small study which demonstrated senle@aNFalpha mRNA in
Symptomatic DD compared to healthy volunteers with and without diversistifo
Polymorphisms in another member of the TNF superfamily, TNF®&YB also been associated

with both IBD and IBS (OR 1.37, especially constipation predominantlGR) and with the

higher risk allele resulting in increased TNFSF15 mRNA in rectal mifosa
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In our study, a reduction in mRNA was seen in TNF (TNFalpha, TNESFNFSF10A and
TNFSF15), TGFbeta (TGFB1, TGFBR1 and TGFBR2) and IL-1beta (IL1B h&&N) gene

families following 3 months of mesalazine. Our findings agree thiéhcurrent literature of the
effects of mesalazine with down regulation of IL-1B, TNFalpha and Np&fBways reported by
several studies in experimental anim&ts®? 5°% 6168130 in vitro celld’” ®*%2% |n one contrary
study,IL-1B increased with 5-ASA in rheumatoid synovial fibroblasts in ¥ifrbowever other in
vitro studies using colorectal cell lines HCT116 and colonic fibroblasts hawenstinat 5-ASA

inhibits TGF-beta 1 downstream signalling, which is independent of RfaaRn&>"

Other cytokines (IFNgamma, IL2, IL6, IL8, IL10, IL17 and2BA) were not altered by mesalazine

in our study. Whether these cytokines play a part in SDD is unclesgcént study examined
endoscopic biopsies from 10 SDD (excluding those with a past history ofuspeded
diverticulitis) and 10 controls. Cytokines were measured using a ilcimeimescent multi-
parametric assay for IL-2, 4, 5, 8, 10, 13, 12, IFNgamndaTatFalpha®, with no difference was
found between the groups. This is contrary to our previoudy stthich showed an increase in
TNFalpha and IL&" in patients with symptomatic compared to asymptomatic diverticular disease.
These studies are all small and underpowered to show clear differencesthgvémherent

variability in patient groups.

Other studies have identified an effect of 5-ASA drugs on cytokiadugtion. These include a
study using cultured monocytes stimulated by endotoxin, where/+&8uced IL-1 and TNF
synthesis but not IL%? and in peripheral blood mononucleocytes from patients with beryllium
sensitisation or chronic beryllium disease, where 5-ASA inhibitsyatazth of IFNgamma and
TNFalpha when the cells were stimulated with berylfitirin many of these studies the ability of
5-ASA to decrease cytokine release or production comes from isaelielines, which highly
express these products, or by artificial stimulation of the cells. Irstmgly, the biopsy samples

were not cultured or stimulated and so the ability of 5-ASA to supppessgulation of genes or
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release of pre-made cytokines through stimulation could not be assHsisethay account for the

difference between our results and others which report cytokine changes.

(d) Pattern recognition receptors

Some of the most striking and consistent changes with mesalagireseen in the expression of
these receptors, which have not previously been studied in diverticatmsSDD. Their ability to
recognise bacterial andhet ‘alarm factors’ and influence the immunological response suggests a
possible role in the low grade chronic inflammation responsible for SBipteyns> % They may
also play a role in the maintenance of chronic inflammation in otheitmoral In IBS, TLRs are
thought to play a role in IBS symptoms and gut mucosal perme&ilivith genetic variants in
TLR9 being independent risk factor for developing 1{B%nd PI-IB3* Different TLR9 alleles
may interact with other SNPs, such as PR domain zinc finger pr&tRiDNI1), an inflammation

regulator protein, to alter mucosal barrier functions and transit throughldmgéo

In our study, the mRNA expression of TLR 2, 4, 7, 8 arah® co-signalling factor MYD88 were
reduced in the mesalazine group after treatment. This is in contrast tmalheen labelled study
of mesalazine with and without lactobacillus casei DG which showed no effeGi R4
expression, except when the L Casei was administered rectally, which catis@d.R4 and IL1J

to be reduced”. In another small study in UC patients treated with 5-ASA and stepoiBiSASA
and azathioprine, TLR4, MYD88 and NFkB protein expression was incréasbhd 5-ASA and
steroid treated patients but not théASA and azathioprine group compared to healthy coritrols
However, these differences in results may be due to the diffeaimdlpgical processes underlying
UC and diverticular disease, or a combination of drugs or confogirimi indication (so that the
increase in TLR4 reflected increased severity causing increased stexpidnd the small sample
size (7 to 13 subjects per gré&p. These western blotting results were also not confirmed with
other techniques such as IHC or RT-PCR and biopsies were takerpifepared colons. These
solutions can be irritative and may have altered expression. The healtiglseelected were also

had abdominal pain and had been diagnosed with IBS. Since TLR exprkas® been found to



be altered in this patient grolif) they may also not have been the most ideal control sample to
compare. In contrast Cell lines treated with 5-ASA have shown a dguiatien of other TLR

associated genes, such as TRAF3, which supports our fintfings

Another pattern recognition receptor is NOD2. Identified in 2001, it is of isitrganterest in as
genetic variants have been linked to inflammatory bowel di§&amed malignancy, but so far it
has not been found to be associated with #SThere are no previous studies examining the
expression of NOD2 in diverticular disease. NOD2 appears to reduce bacterial tranmslacdtio
production of TNF and IFNgamma, suggesting it has a protective ratdlammatior?®®. In our
study, the expression of NOD2 was decreased in the mesalazine wgtdap, would initially
appear counter-intuitive. However 5-ASA alters bacterial préffleand invasivenes¥ and
reduces mucosal permeabifityy This may reduce the bacterial stimuli to the mucosa leading to a

down regulation of NOD2. However further work is required to confiris hypothesis.

(e) Tight junctions, cytoskeleton and extracellular matrix
Mucosal barrier is altered in IBE' **" 629¢31\yith polymorphisms of molecules involved in control
of tight junctions, being implicated in the risk of developing of %22 Other groups have shown
that IBS mucosal supernatants also alter barrier function in epithelial monadagkdisrupt tight
junction$®2. However mucosal barrier function, permeability and tight junction® ot been
assessed in diverticular disease. Several different components, such as yeusjri¢dnt junctions
(such as Zona occludens, claudins and occludin), extracellulaxmpedteins, immune and nerve

cells are important in maintaining the intestinal barrier homeo%thété

0] Tight Junction Proteins
In IBS, mRNA levels of Zona occludens 1 (ZO-1) and occludirela®en found to be reduced by
some group¥® but not other¥®. PAR-2 has been implicated in barrier function disruption as the
effect of IBS supernatants is lost in PAR2 knockout anitifaisd Vibrio Cholerae derived ZO1

toxin is also thought to cause tight junction disassembly throagh 2. Claudin 2 forms part of
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the tight junction complex but, unlike other claudins, producing pores to aglmacellular
diffusion and increased mucosal permealfitft§*® It is up-regulated by IL%° and TNFalph&®°*
and has been shown to be up-regulated in acliven’s and UC® ®*2 There are no studies which

have examined tight junctions in diverticular disease.

In our study TJP1 (ZO-1) mRNA expression was reduced in #salawzine and controls groups,
while TIJP2 (Zona occludens 2, ZO-2) was also reduced but did not sgadgficant in the
mesalazine group. This may be a spurious result, especially as the decelsappear counter
intuitive, as 5-ASA compounds protect intestinal permeability in animal modlelslitis. Both
Mesalazine and balsalazide decreased mucosal injury to dextran sodium sahghateicosal
permeability®>. Balsalazine showed reduced disruption of the mucosal and tigbtion on
electron microscopy’, while Immunofluorescencef occludin, showed that mesalazine, attenuated
its disruption and irregular distribution within the c&fs Thus it would be expected that with 5-
ASA, Z0O-1 and ZO-2 mRNA levels would increase. However, in a stidBS, mRNA levels
were shown to be unchanged but protein levels were reduced and the distrdfufi®-1 and
occludin within the cell was altered in IBS patients compared to cotiftolhus the lack of

protein data needs to be considered when comparing our results \eith stirdies.

In our study Claudin-2, was significantly decreased in the mesalazine tgeatgd A decrease in
Claudin-2 is associated with a decrease in mucosal permeability and wmmidlement the
decrease in TNFalpha mRNA seen in our study. Although the expredsilaudin-2 with 5-ASAs
has not been assessed, other anti-inflammatory agents, such as NBAIbiSthe expression of
Claudin 2 mRNA, while up-regulating other tight junction proteinsoeissed with decreased
mucosal permeability (Claudin 1, 4 and occlutfih) Our results are in keeping with a reduction in
the mucosal permeability in diverticular disease which would fit with thewknaction of
mesalazine. However further clinical and biomolecular work in assessingsatyggrmeability in
different subgroups of diverticular disease and with mesalazireeded to confirm these findings

and hypothesis.



(i) Mucins and Matrix Metalloproteinases

Mucin is produced by goblet cells and acts as a protective barrier betveeleminal contents and
the epitheli&®™. There are 5 mucin genes (MUC 1, 2, 3, 4 and 5AC) expresstt icolofi*’,
which can be further modified post transcription by glycosylationQvRBJs the major gel forming
mucin produced. MUC-1 has also been implicated in barrier functioknotk out animal
model§*” %8 Although MUC-1 and MUC-3 mRNA expression have been fdore reduced and
increased in erosive oesophageal reflux respectiethere is little information about their role in
IBS or diverticular disease. In contrast, the turn-over of extracellular mbgrixmatrix
metalloproteinases (MMP) are thought to be important in the developmenerfallar disease.
Altered expression of MMPs have previously been identified in complicatett BD*** and

IBD®°,

In our study both MUC-1 and MUC-3A and B were significantly desedain the mesalazine
treated group. Mucin-2 (MUC-2) has been shown to be decreasesmal anbdels of colitis,
which is reversed by 5-ASA, but there have been no studies on MUC-1 or 3 and 5-ASAs.
However an animal study using probiotic VSL#3 has shown increamendis production and
MUC2 gene expression but not MUC1 0% This was not replicated in @n-vitro cell line
modef®? but suggests that bacterial components may stimulate the productimrciof genes. 5-
ASA exerts an antibacterial effe€t® and reduces invasiven&®s which might result in a

secondary decrease in mucin mMRNA expression as seen in our study.

The mRNA expression of MMP9 or MMP2 was not significantly défdérbetween the groups in
our study. However 5-ASA decreases changes in MMP2 and 9 in anidalswad UC, which was
induced by iodoacetamitfé. In-vitro cell lines treated with 5-ASA® and COX-2 inhibitor®*
have also shown a decrease in MMP2 and 9 enzyme activity. TNFalpteshabeen shown to
increase expression of MMP9 in vitdand inCrohn’s disease, the use of TNFalpha inhibitors has
been also demonstrated to decrease MMP9, while increasing MMPRARgamma agonists also

reduced MMP9¥’, suggesting that 5-ASA can act through PPARgamma and TNFalpha to
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influence MMP9 expressidif. With the above studies, a change in MMP9 may have been
expected but this lack of change in our study may again be due smtde numbers. Larger

studies may be identified in significant change.

The control of barrier function in the intestine is compt&3{3? but involves several pathways
which are known to be influenced by 5-ASAs such as TNFalphaBI|LFLRs, PAR-2 and NFkB
(see above). Thus one of the actions of mesalazine in alleviatingnp&DD may be through
altering intestinal barrier function, by influencing mucin and tight juncpootein levels agh
distribution. But further assessment is required to confirm the effectesfilazine on ZO-1 and
other tight junction and mucin components. The small but signtfidacrease in the control group
for ZO-1 may have occurred by chance or due to changes in streiser psychological factors
not specifically measured during the study but which have beemnstw influence intestinal
permeability*>*. This and the potential effects of 5-ASAs on mucosal permeakslifyine further

study.

(f) Other genes

0] Cell migration and apoptosis
The understanding of the role of chemokines and cell adhesion tesleau diverticular disease
and IBS is limited, although E-selectin has recently been shown tgegulated in SDD
compared to ADD patierft¥. 5-ASAs influence of cell migration molecule expression is also not
well understood. Our study has shown a significant decrease in thessigpr of VCAM-1 and
MAdCAM-1. Thus is supported by one study which suggés&SA can decrease the up-
regulation of P and E Selectin and VCAM-1 in LPS stimulated mouse irtetisisue®® In dental
pulp cells, PPARgamma, which is thought to interact with 5-ASA,atsm decreased production
of MMPs, ICAM1 and VCAMZ£>’. However another study has shown that 5-ASA have no effect
on the expression MAdCAML1 in epithelial monolayers, which was indbogebNFalph&™. These
differences may be due to the type of stimulation and/or cell lines useduam our in-vivo

work.
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Our study also showed down-regulation of CMKLR1 (also kn@asnChemR23) and MCL-1.
CMKLR1 has been associated with migration of macrophages and dendritimeelte and with

pro and anti-inflammatory effe@§ ° Its expression can be regulated by TNFalpha, IFNggmma
IL-1B, IL-6 and TGFB1%. MCL-1 (myeloid leukaemia cell differentiation protein), part of the
BCL-2 (B Cell lymphoma 2) family of genes, is important in protertells from apoptosis and is

of interest in cancer therap?s Sulphasalazine but not Mesalazine has been found to down
regulate BCL-2 and induce apoptosis in T lymphocytes feaohn’s patient§®® However the
effect of mesalazine on CMKLR1 and MCL-1 has not been previouslgsimgated, but its
decrease may be due to down regulation of it or other genes kadwereffected by 5-ASA or due

to alteration in cell populations within the Gl tract.

(ii) Protease-activated receptor 2 (PAR2, gene F2RL1)

Protease-activated receptor 2 (PAR2, gene F2RL1) has been of incressiestiin IBS as it can
induce mechanical hypersensitivity and alter gut permeafility re-organization of tight junction
protein§®®.  Another protease-activated receptor, PAR4, has been found to mopaiat&y
inhibiting the actions of PAR2 and TRPV4 in nef?&sbut can be pro-inflammatdiy. In the Gl
tract, mRNA levels of PAR2 appeto be similar in IBS colonic tissue as in conttdis®® but
PAR4 mRNA is decreased and expression of tryptase and trypsivataxs of PAR2, are
increased. Immunofluorescence studies have identified PAR4 on mast d#lisdegreased
expression found in PI-IB%. Meanwhile, PAR2 has been linked to increased neuronal excitability
in culturé*® and in chronically stressed mice infected with citrobacter rodeffflutdowever
PAR2 and PAR4 roles in diverticular diseases have not been publishedr Istudy PAR2
(F2RL1) mRNA expression was significantly decreased in the mesalazinp. #/AR4 (F2RL3)
was so poorly expressed that results were excluded from further anbllystudies using 5-ASA
compounds have reported changes in expression of PARs, but thesdénrB&R?2 is in keeping
with the anti-inflammatory properties of mesalazine and might contributeetoeduction in pain

we observed.
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(iii) PPARgamma
PPARgamma has many functions in the Gl tract. It is highlyesgad in many cells including
activated macrophag®8 Disruption of PPARgamma in macrophages increases susceptbility
colitis in animal model of IBE?®. PPARgamma can also be found on epithelial cells, which are
important in IBD modef®. Activated PPARgamma suppresses NFkB activity, a key inflammatory
nuclear transcription factor, and reduced inflammatory medfdtorhere is evidence that
PPARgamma is down-regulated in experimental inflammatory boviaamodels, which can be
restored by PPARgamma agonists and probiotics. Previousstuave suggested that in colonic
epithelial cell lines, 5-ASA increases the expression of PPARgamma at ndRNAprotein
level$?”. This was identified only after a short incubation of 12 hdBHASA has also been shown
to result in translocation of PPARgamma from the cytoplasm to the usuelfter 24hours of
incubation with colonic epithelial cef. In an animal experiment of PPARgamma and 5-ASA in
radiation colitis, rats were treated with or without 5-ASA for 7 days, poi@gmadiation exposure.
The 6 control animals, who did not have irradiation and where treatedwiSA, showed a slight
not non-significant rise in PPARgamma mRXA Interestingly, STAT3, which is part of a

signalling pathway involved in inflammati®f 6", was significantly elevated in this stddfy

In contrast in our in vivo study, the mMRNA expression of PB&Rma was decreased (Table
R3.14). However, our in-vivo study was of 3 months duratod it is not known if 5-ASA
induced increases in PPARgamma expression described above are malatajriedn or if these

changes are cell specific.

Although we didn’t identify any significant changes in IHC slides, our sample size was small and
the antibodies used for macrophages (CD68) and T lymphocytes (@D3)d not have
distinguished between the sub-classifications of cells or their activation sta®fore it is
possible that mesalazine increa®PARgamma mRNA and/or activity in some cells, as suggested
by other studied” >3 "% put it may also alter the immune cell populations within the colonic

mucosa resulting in an overall decrease in the total PPARgamma mRNA digbsy. This
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hypothesis is supported by a study of mesalazine in IBS, where detraast cell numbers were
identified in the mesalazine treated grotipPPARgamma is expressed in mast cells and thought to
effect their maturation, function and release of medi&toi¥° Mast cells have been linked to

%77 and proximity to nerve fibré¥ in IBS, supporting

bloating and‘dysmotility-like dyspepsia
their involvement in patient symptoms. 5-ASA compounds havebaen found to decrease mast
cell mediator release as wWéft °’9 offering a potential mechanism of action. Mast cell tryptase was

not stained for in our study, but future work should include tisi®logical assessment.

(iv) INOS
INOS (NOS2) was found to be significantly decreased in the mesalazineigmupstudy. This
finding is supported by animal studi&s®*°and in human epithelial celfé. In the human study,
cultured epithelial cell lines were stimulated with IL-1B and IFNgamma and 5¢d&#oounds. 5-
ASA was found to inhibit iNOS production and the expression of maNdproteift’. This
enzyme can be induced by inflammation and its reduction suppogstihiaflammatory

properties of mesalazine.

(v) Superoxide dismutase (SOD1)
SODL1 is a cytoplasmic copper/zinc superoxide dismutase and is part of aridantiadefence
system. SOD1 has also been shown to be up-regulated and correlattisagisie activity in active
Crohn’s Disease, but is down-regulated in UC with ana&thi# is decreased by corticosteroids
treatmerf®® In contrast, Balsalazine, another 5-ASA, has been found to increasetitity of
SOD in mice with DSS-induced colitfs. Mesalamine has also been found to increase manganese-
SOD in rat non-transformed small intestine cell IfiésHowever in both these studies 5-ASA was
only given for a short time prior to analysis for SOD. Thughe long term, 5-ASAs may act
through anti-inflammatory and antioxidant activities to reduce SOD1 activityeMer this finding

would need to be confirmed.
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(vi) Phosphodiesterase 4 (PDE4B and PDE4D)
We found a significant decrease in PDE4B but not PDE4D. Phosplerdmst4 (PDE4B and
PDE4D) is important in cAMP breakdown and is found in maninfmatory cells. A recent study
suggests that PDE4B is increase in SDD compared to’ADPDE4 inhibitors are already used in
other chronic inflammatory conditions, such as chronic obstructilagnary disease (COPD),
and have been linked to decreased TNFalpha expression in peripheral blomauniear celf§*.
A small animal model of colitis also suggests that PDE4 inhibitorsedunce inflammation and
mediators such as TNFalpha and TBE® and there has been recent interest in selective PDE4
inhibitors in IBD’® ® However, although a decrease in PDE4 links with the anti-inflammatory
effects of mesalazine, no previous studies have examined the effecsS# 6n PDE4 but our

data suggest that this might contribute to its anti-inflammatory effect.

(vii) Formyl peptide receptor 2 (FPR2)

FPR2 acts as a G protein coupled receptor for, among 30 othersn Ifpbxand annexin, which
have been implicated in the promotion and resolution of inflamntafi®® FPR2 (which are also
known as FPRL-1) are located on immune cells, such as neutrophilmardphages, and are
involved in cellular adhesion, migration and diapedesis. Some FPR2 ligand§axigp A4 and
annexin, have shown anti-migration influerfésMast cells also have FPR2 receptors, with
annexin 1 inhibiting their activif{®. Pro-inflammatory signals from this receptor are thought to
act through NFkB, while anti-inflammatory activities by SOC-2, TRAF2 BRAF6, desensitising

the cell to classical stimuli from TLR receptors.

FPR2 has been implicated in several inflammatory diseases such as akturatoid arthritis,
Alzheimer’s, coronary artery and Crohn’s disease. Its expression has been shown to be increased in
the mucosa o€rohn’s disease and in THP-1 cells treated with LPS or IFNgamma, whichifits w

an up-regulation of lipoxin signalling in inflammatf% In our study, FPR2 was significantly
down regulated in the mesalazine group. However there have been netothes of 5-ASA and

FPR2. The reduction in FPR2 expression may be related to the reductidi-atpiha and TLRs
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which are known to up-regulate its expres&onrhis would correspond to the anti-inflammatory
mechanism of mesalazine, leading to a down-regulation of natural resalfifioifiammation (or
anti-inflammatory) mechanisms which are up-regulated in an inflammynat@nt. However further

studies would need to confirm these findings.

(B) Cell Counts

In Humes et al, no difference was found between SDD and ADD 5HT and CDGouat§™.
This agrees with our work where no difference was found betwédeand V5 and stained cell
numbers/area (Lymphocytes CD3, Macrophages CD68, Enterochromaffirbedlior Cellular
proliferation KI67) in the mesalazine and placebo groups. Interestimgbignificant difference
was found in CD3 and CD68 in the Corinaldesi et al’s study of mesalazine in IBS as well, although

they did report a marked reduction in Mast ¢éfls

Tursi et al reported a significant decrease in number of KI67 staeiksdin the whole crypt in 20
patients with symptomatic diverticular disease who were treated with mesalazingetar®. This

is supported by studies of colorectal carcinoma and the reduction inemttih seen on
mesalazine treatment 333 %44 59 reduction in K167 staining was not seen in our study aag m
be due to several factors. Firstly our study only has 13 dshjethe mesalazine group which may
have been too small to identify a significant change. Secondly our stslypf shorter duration
that Tursi et al’s and did not include an initial treatment with rifaximin. Thirdly, our cell counts
were derived using computer assistance and expressed as an areghastherpercentage of

positive stained cells. All of these may have contributed to our lackrafisant results.

(C) Calprotectin and SS-CRP

Faecal calprotectin (FC) is released from inflammatory cells, mainly neilsopluring cell
activation or death. It is stable in faeces over several days ance@addund to correlate with
inflammation and disease activity in a variety of gastrointestinal conditewth as IBD and

colonic polyp§®%7
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In 2009 Tursi et & found increased FC levels in patients with diverticuliis and SDD when
compared to HV and IBS patients. They also showed a decrease im pafients treated with
mesalazine and rifaximin for 10 days followed by mesalazine alone foeeksw This is in
contrasts to our study where no difference was found in the treatiplaicebo group for faecal
calprotectin. However it is important to note that, the FQuitsi’s study was detected using CAL
Detect (Sofar SpA Milan Italy). This is a semi-quantitative method that gited bands of colour
to indicate FC concentration rather than the gold standard quantitative ELIZAdnéthour
study, we used an ELIZA (Calprest) technique which gives a more adecquantitative
measurement. Also in our study, patients did not require to havéoa goven episode of
diverticulitis. Thus it is possible that in some of our patients central pagegsing changes may
be important in their pain experience rather than peripheral low level inflaoom@ihus in some
subject their initial and final calprotectin levels may have been low astiargge would have been
identified in their FC. This and the use of rifaximinTiorsi’s study may explain the difference in
our results. In both studies only a small number of patients were assélssdFC should be
assessed in larger studies to confirm its usefulness in SDD and in ishgnéifild predicting which

patients may benefit from and/or are responding to treatment with mesalazine.

CRP is an acute phase reactive protein which can be increased by a wide iafigemation or
trauma related stimuli. SS-CRP, which allows detection of CRP below the staeftsiethce range
and is a marker of micro-inflammation, has been shown to be increastldy of IBS and H¥.

It has been shown to be decreased in an open study of 20 paidtanésikylosing spondylitis who
were treated with mesalazine for 24 weeks, but this reduction did not sigmificancé®.
Although CRP may have uses in diagnosing and monitoringntesd of acute diverticulitis, its
role in the monitoring of SDD treatment has not been demonstrated. Expéni€iroaén’s disease
suggests that it is likely to be less sensitive than fecal calprdféctmour study no change was
found in SS-CRP between time points or treatment groups, but lstggies are required to

confirm this finding.



(D) Liquid Chromatography and mass spectr oscopy

In our study, LCMS results showed no difference between the tiinéspmithin or between the
treatment groups despite the fact that many of the enzymes involvénd imanufacture and
destruction of these products were altered in the mesalazine group. THhie flnagause the rectal
and sigmoid biopsy samples used in the analysis were small andldtfii@ssess. Also many of
the studies, which demonstrated a change in prostaglandins and leukotssetssingle cell
cultures, such as leucocytes, and/or stimulated the production of arachiddmiathgvay products
e.g. ionophore A2318% ©12 702 193 gome studies also suggest that different 5-ASA compounds
may inhibit different enzymes within the AA pathway to different etxtetnich makes comparison
of mesalazine with other 5-ASA difficGtt' ** " This may explain our inability to detect a
significant change in these important inflammatory compounds anéutheg studies may require
other techniques such as cell culture and stimulation of patient sampesonstrate the changes

inflammatory products resulting from the altered gene expression.

(E) Patient Symptoms

Our study was not powered to detect significant changes in reported ggtigsitoms, but we did
find a significant decrease in the median duration of pain in the mesatppine (Figure R3Y).
No other significant change in symptoms, including general overllbe@ing, bloating, stool
frequency or consistence or bloating was identified. There was evidémacsignificant placebo
effect, with reported improvement in pain relief in both the plageftbmesalazine groups (Figure
3.8). The placebo effect was also identified in the fact that 50% of patiéintg placebo believed

they were taking mesalazine, compared to 78.6% in the mesalazine group.@&ig R3

This is the first double blinded, placebo controlled RCT of mesalazine in E® other studies
of mesalazine in SDD have been randomised. In 2010 Gatta et al puldisheth-analysis of 3
studies of mesalazine in SDD, which showed symptomatic benefit. However these agen
labelled studies and not placebo controlled. Humes et al published a systematic me2@ai.

In this only 2 RCT of mesalazine and rifaximin were identifiedhtwd which were open labelled
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with little detail on the method of randomisation or power calculations’is&bth used a non-
validated global symptom score to show significant benefits for the mesalaziok,wés given as
a pulsed rather than continuous medicafo®® Other open labelled or non-blinded studies (table

13.1) have suggested benefit of mesalazine with varying length ofvfaibo

In Corinaldesi et al’s*** RCT of mesalazine in 20 IBS patients a significant improvemerernergl
well being but not abdominal pain, bloating or bowel habits was repofted agrees with a
prospective study by Andrews ef%lof 12 women with PI-IBS, who had improved number of
days of discomfort, increased bowel movement satisfaction on a gé@iedlquestionnaire. In a
larger RCT of mesalazine in 360 IBS patients, which included all IBS tgjgsficant changes in
pain intensity and duration were identifl@ Both these studies support our findings of an

improvement in pain and general well being with mesalazine.

3.5.3 Limitations of the present study
There are several limitations to our study which include its small sizeraitedi3 month duration.
This was because the study was powered to assess biochemical chamgssltzine and not
symptom improvement. Thus there was significant placebo effect, with majgcts in the
placebo group reporting improvement in their symptoms (Fig&-3.9), although these did not

reach significance (TabR3.19).

There was also a female predominance in the mesalazine group (p=0.UBRS)rimarily
occurred as male subjects developed adverse events and withdrew éatudly. All female
withdrawals were due to protocol violations or social circumstances. tetaance of daily
mesalazine has been highlighted in other gastrointestinal conditions, suchS%§ hd
inflammatory conditions, such as Ankylosing spondififisin a recent RCT meta-analysis of 5-
ASA medications in UC, the frequency of abdominal pain or dyspepth mesalazine ranged
from 1-27% (median 4%) and diarrhoea from 1-9% (mediar%%:) a 5 year observational open

labelled study from Gatta et 16.8% of patients in the mesalazine group withdrew. This is



similar to a meta-analysis of several small open labelled studies of mesadfaz8igD and
recurrent diverticulitis, where the incidence of abdominal pain was reportedas &8, 16%) and

2 (n=20, 10%) mesalazine patietitsIn our study 15% of participants (3/20) withdrew due to
exacerbation of pain and 5% (1/20) reported diarrhoea in the mesalazipe \which is within the
reported incidence of these complicatiSfisHowever the gender difference between the groups is
unlikely to have altered our biochemical results as at baseline both falgkiangroups had no

significant difference in their gene, stool or blood marker expressions.

The inclusion criteria for our study included patients diagnosed with at lelstrliculum in their
left colon and abdominal pain which was thought to be related to it aftestigation. Participants
did not require a confirmed episode of diverticulitis and in our study 6 participants in each of
the final analysis groups had a history of diverticulitis. As the pafivierticular disease may be
similar to that in IBS, having a mix of peripheral and central prompshange&* " it is
likely that our study population included participants with predominantijraleand well as those
with predominantly pepheral ‘pain sensitivity’. This does not necessarily prevent mesalazine
having beneficial effect in DD since mesalazine appears to be effeciB&# where peripheral
factors are likely to be less obvious than central ones. There is undounddtgraction between
central psychological and peripheral mucosal factors in IBS and this maybalstrue in
symptomatic DD where a peripherally acting drug like mesalazine may stffdaive. It is still
unknown how peripheral and central factors contribute to the sensatiainoamd if selective
treatments of one will affect the other. Mesalazine is poorly abdaahd is thought to act locally
within the gastrointestinal tract. Thus Mesalazine may only have effect aghtients who have
a predominantly peripheral component to their pain and thus our resaitsbe diluted by
inclusion of patients with a predominant central pain component. Howesdryjtothesis and the
potential to identify subjects though biopsy or questionnaires needs fimtlestigation by larger

randomised control trials of longer duration.
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It will also be interesting to look at the results of trials of mesalazine in IBSgvdrgier numbers
of participants with PI-IBS and other IBS types have been included. #8Finay have similar
underlying pain mechanisms to post-diverticulitis pain, this nugpart the use of mesalazine for
patients with a peripheral pain component, with alternative such as amitripiytinieose with
central paif®® " "2 Alternatively alteration of peripheral inputs in all patients may hetpdace

central pain processing changés'®

3.5.4 Summary of the clinical and resear ch implications of the work,

This study has implications for future research and clinical practicehadtincreased our
understanding of the actions of mesalazine, suggesting alteration in kegs wgthin the
arachidonic acid pathway, cytokines and inflammatory pathwaysortengly we have shown
previously unknown actions on pattern recognition receptors, mucag&r function genes and
other key genes such as PAR2 and FPR2 which have become of imgrassrest in
gastrointestinal disorders such as IBS and ‘B0 "** Although larger studies are needed to
confirm these results in other DD patients and diseases, these findings wiilifaxid future
studies on the action of mesalazine and will help the developméuiiuoé research and design of

medications in the future.

This is the first RCT of mesalazine in diverticular disease, and althoogpowered to assess
symptomatic improvement, has shown a reduction in the median numbdmsuis of pain
experienced by patients with SDD. This agrees with other open labelledssaund will support
the design and powering of much larger multicentre RCTs into thpteymatic improvement of
SDD. As SDD patients are a heterogeneous group and probably have aiterpéand/or central
pain mechanisms, it is unlikely that mesalazine will provide effective redieef for all suffers.
However by assessing larger group of SDD patients with validated quedtesand focused
biomedical investigations, it may become possible to select which patientsspitind to different

medicinal approaches based on their ‘biomarkers’. By clarifying pain mechanisms further, future
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treatments can be devised to help selected groups with different paianisech allowing more

personalised medical care.

However future work on the effectiveness of symptomatic relietastibenefit need to be

undertaken before mesalazine can be offered as a standard treatment to pati&@R®with
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Chapter 4: Conclusions

This study was designed to identify the processes which underlie pain inCBDBhypothesis was
that a spectrum of both peripheral and central pathologies were invelithdhose that had a
more peripheral problem having abdominal symptoms only while thakemultiple symptoms
throughout the body, having an altered central pain processing. $hettidy has supported this
hypothesis. Although a statistically significant difference in sengaiy threshold was not
demonstrated between the groups, fMRI imaging has shown gesat¢ional processing during
pain and reduced anticipatory inhibitory responses in the HSDD groups. Hothevés not as
clear cut as we had anticipated which may be due to subject selection andtdei@ma@nspectrum
of mixed peripheral and central changes as well as those with only perighecantral

components.

In the second study, mesalazine showed interesting effects on redanieg expression associated
with inflammation in SDD patients. A reduction in the median numbeoofshof pain per week
was seen. The study was not designed to allow intention to treat aralysias shown promising

results which will need to be consolidated with future large scale studies.

Both these studies also have implications for future research and suggesd tgilproach to SDD
patient treatment. The means of identifying each patients underlyingppagess remains a
challenge. Our studies have suggested that the PHQ12 may be one simpie mEdsing this,

but again needs to be confirmed with further larger studies. A rectaytiopdentify biomarkers
is another potential means and may assist in identifying the type of medreatiored for patients

with a predominant peripheral pain component.

The identification of possible peripheral and central treatments is a challehgegaires further
understanding of the underlying pathogenesis of pain in SDD beendcope of the work

presented here. The mesalazine study has been useful in identifying potentiafdartyetgment
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in SDD by highlighting several gene pathways which were down regulatezseThave not

previously been identified in SDD, but are becoming of increasing intert&8{it "*°and IBD.

Firstly it would be important to compare the inflammatory, pattern recogniiceptor pathways
and cell membrane permeability in SDD as well as healthy controls to coofirnfindings.

Mucosal permeability and pattern recognition of gut microbiota is of inogagerest in IBS"

"9 and work to assess gut permeability with biological and imaging teclsnig&DD would be a
potential avenue to explore. Currently, stool samples from the mesakazdth fMRI study are
being processed using gene cards to assess the different types afforaiagn ADD and SDD
patients and changes which can occur with mesalazine. Whether otheemtsatombined with or
separate from mesalazine, such as probiotics, can also help in treatment pat&DB could also

be suggested from further work in this area.

One area we did not examine in the study was changes to peripheral ndrwdetrer mesalazine
can alter these. The mucosal biopsies would not have contained any RNAhfosensory
peripheral nerves supplying the mucosa or other layers of the bowertlwhately we were not
able to establish a reliable staining method to identify nerve fibres or receptioestissue. It may
be that, by altering the ongoing inflammation in the bowel, any nehmamges would have
reversed. Again further work needs to be carried out. We still eamaining samples from the
study in storage under our studies original ethical approval. It reapodssible, if a reliable
technique is established, to perform this assessment at a future date, miweriage ethical
approvals. The gene changes identified in the mesalazine study as well as @thgk iconditions
such as IBS would help design this work further. Further studiegdoif mesalazine or other
central or peripheral medications would be possible, if peripheral nerve raeséss biopsy

samples or fMRI imaging techniques of spine cord are reliably established.

The fMRI study also suggested central pain processing changes. Theseuelimiglentifying

altered pain processing are important as it may allow us to assess diffiioations or CBT
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techniques to see if they can produce prolonged reduction in paiespied® *%° “°° Work by
others has also suggested that prolonged pain can also alter the strudtarbrairt’* 2 %2 The
long term effects of pain related brain changes are not currently clesk ¥/ currently being
performed to identify any structural brain changes in our studypgusing the T1 weighted
images. Brain pain changes have also been shown to be reversed oncesthefcpain is
treated® °® If brain related changes are identified in SDD, the effect of mesalawi other

treatments in reversing this could be assessed using MRI.

Other mechanism of pain can also be investigated. With recent epidemiolagiibes stuggesting
that obesity may play a role in the development of symptoms in’8DH we have started a
project using MRI imaging of the abdomen to quantify visceral ancusaibeous fat and peripheral
blood adipokines. This will allow correlation with patient symptoms aral muggest new

potential mechanisms and targets for treatment.

Understanding the mechanisms of pain in SDD is still behind that of gimrointestinal
conditions such as IBD and IBS. However with the increasing aging popubatid obesity, an
increase in SDD is anticipated. With a greater appreciation of chronic symyetianes! to SDD,
further work in this area and cross fertilisation of ideas betweemichgastroenterology and other
chronic pain condition would be beneficial. This work has continued togss@ur understanding
of the condition but much further work is needed to understand thhamsms. However this
work does suggest that both peripheral and central pain processes ataritrgoad that treatment

for patients with SDD will probably involve a tailored approach.

21¢



Chapter 5. References

1. Kohler, L., Sauerland, S. & Neugebauer, E. Diagnosis and treatment esfiailar
disease: results of a consensus development conference. The Scientific Conirttiitee o
European Association for Endoscopic Surgery. Surg Enti$)s¢30-6 (1999).

2. Etzioni, D.A., Mack, T.M., Beart, RW.J.r. & Kaiser, A.M. Diverticulitis inet United
States: 1998-2005: changing patterns of disease and treatment. Anr24Sur2107
(20009).

3. Kang, J.Y., Melville, D. & Maxwell, J.D. Epidemiology and managemerdioérticular
disease of the colon. Drugs Agi@, 211-28 (2004).

4. Humes, D.J. Changing epidemiology: does it increase our understamm@is 30, 6-
11 (2012).

5. Kozak, L.J., DeFrances, C.J. & Hall, M.J. National hospital dischargeys2@@4 annual
summary with detailed diagnosis and procedure data. Vital Health StaP09 (2006).

6. Sandler, R.S. et al. The burden of selected digestive diseases in the United States.
Gastroenterolog$22, 1500-11 (2002).

7. Strate, L.L., Modi, R., Cohen, E. & Spiegel, B.M. Diverticular diseasecasamic illness:
evolving epidemiologic and clinical insights. Am J Gastroent&0d] 1486-93 (2012).

8. Laine, L., Yang, H., Chang, S.C. & Datto, C. Trends for inaéenf hospitalization and

death due to GI complications in the United States from 2001 to 2009.Gastroenterol
107, 1190-5; quiz 1196 (2012).

9. Painter, N.S. The high fibre diet in the treatment of diverticular diseasige ofolon.
Postgrad Med 30, 629-35 (1974).
10. Burkitt, D. Diverticular disease of the colon epidemiological evidence relating it & fibr

depleted diets. Trans Med Soc LaB®) 81-4 (1973).

11. Brodribb, A.J. & Humphreys, D.M. Diverticular disease: three studies.|PRelation to
other disorders and fibre intake. Br Med,3124-5 (1976).

12. Eggenberger, J.C. Diverticular Disease. Curr Treat Options GastraleBte507516
(1999).

13. Simpson, J., Scholefield, J.H. & Spiller, R.C. Origin of symmamdiverticular disease.
Br J Surg90, 899-908 (2003).

14. Shafik, A., Ahmed, |., Shafik, A.A. & El Sibai, O. Diverticular éise: electrophysiologic
study and a new concept of pathogenesis. World J Z8)411-5 (2004).

15. Commane, D.M., Arasaradnam, R.P., Mills, S., Mathers, J.C. & BradiM. Diet,
ageing and genetic factors in the pathogenesis of diverticular diseaséd Wor
Gastroenterol5, 2479-88 (2009).

16. Yun, A.J., Bazar, K.A. & Lee, P.Y. A new mechanism for divetticdliseases: aging-
related vagal withdrawal. Med Hypothe$ds 252-5 (2005).

17. Green, G.J., Schuman, B.M. & Barron, J. Ehlers-Danlos syrelcmmplicated by acute
hemorrhagic sigmoid diverticulitis, with an unusual mitral valve aimadity. Am J Med
41, 622-5 (1966).

18. Blaker, H. et al. Pathology of the large intestine in patients with vascular hipesE
Danlos syndrome. Virchows Aretb0, 713-7 (2007).

19. Burcharth, J. & Rosenberg, J. Gastrointestinal Surgery and RelategliGdions in
Patients with Ehlers-Danlos Syndrome: A Systematic Review. Dig 28r@49-357
(2012).

20. Santin, B.J., Prasad, V. & Caniano, D.A. Colonic diverticulitis in adoléscan index
case and associated syndromes. Pediatr Sug,1801-5 (2009).

21. Stumpf, M. et al. Increased distribution of collagen type Il and redespression of

matrix metalloproteinase 1 in patients with diverticular disease. Int J Ctabi®is 16,
271-5 (2001).

22. Mimura, T. et al. Up-regulation of collagen and tissue inhibitors of ixnatr
metalloproteinase in colonic diverticular disease. Dis Colon Re4#1871-8; discussion
3789 (2004).

216



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Rosemar, A., Ivarsson, M.L., Borjesson, L. & Holmdahl,Increased concentration of
tissue-degrading matrix metalloproteinases and their inhibitor in complicaediallar
disease. Scand J Gastroente®)|215-20 (2007).

Granlund, J. et al. The genetic influence on diverticular disease nastwdy. Aliment
Pharmacol Ther (2012).

Parks, T.G. Natural history of diverticular disease of the colon. Clin Gag#rol.4, 53-
69 (1975).

Humes, D.J., Simpson, J., Neal, K.R., Scholefield, J.H. & Spiller, Rsg@chological and
colonic factors in painful diverticulosis. Br J Su8%, 195-8 (2008).

Boles, R.S., Jr. & Jordan, S.M. The clinical significance of diverticulosis.
Gastroenterologg5, 579-82 (1958).

Simpson, J., Neal, K.R., Scholefield, J.H. & Spiller, R.C. Patterns ofipaliverticular
disease and the influence of acute diverticulitis. Eur J GastroenteroldH&pal100510
(2003).

Comparato, G. et al. Quality of life in uncomplicated symptomatic diverticular disisas
it another good reason for treatment? Dig Dis25¢c252-9 (2007).

Rosemar, A., Angeras, U. & Rosengren, A. Body mass indexliaedicular disease: a
28-year follow-up study in men. Dis Colon Rectb) 450-5 (2008).

Strate, L.L., Liu, Y.L., Aldoori, W.H. & Giovannucci, E.L. Physicaltiaity decreases
diverticular complications. Am J Gastroenterif}4, 1221-30 (2009).

Strate, L.L., Liu, Y.L., Aldoori, W.H., Syngal, S. & Giovannucci, EQbesity increases
the risks of diverticulitis and diverticular bleeding. Gastroenterolt®f; 115-122.el.
(2009).

Papagrigoriadis, S., Macey, L., Bourantas, N. & Rennie, J.A. Smaokitygbe associated
with complications in diverticular disease. Br J S86g923-6 (1999).

Strate, L.L., Liu, Y.L., Syngal, S., Aldoori, W.H. & Giovannucci, ENut, corn, and
popcorn consumption and the incidence of diverticular disease. 380A07-14 (2008).
Yamada, A. et al. Assessment of the risk factors for colonictativiar hemorrhage. Dis
Colon Rectun®l, 116-20 (2008).

Jansen, A., Harenberg, S., Grenda, U. & Elsing, C. Risk factorsofonic diverticular
bleeding: a Westernized community based hospital study. World J Gastrodbtetb7-
61 (2009).

Strate, L.L. et al. Heritability and Familial Aggregation of Diverticular Disease: A
Population-Based Study of Twins and Siblings. Gastroenterologg)201

Jung, H.K. et al. Diarrhea-Predominant Irritable Bowel Syndrome Ischted With
Diverticular Disease: A Population-Based Study. Am J Gastroeni®®I652-61 (2010).
Auerbach, L. Fernere vorlaufige Mittielung uber den Nervenaparat des Darmeh . A
Pathol Anat Physiol, 457-60 (1864).

Meissner, G. Uber die Nervender Darmwand. Henle und Pfenfer A Ration3@édeb6
(1857).

Scheuermann, D.W., Stach, W., Timmermans, J.P., AdriaensenDB.@roodt-Lasseel,
M.H. Neuron-specific enolase and S-100 protein immunohistochenfistigefining the
structure and topographical relationship of the different enteric nerve plerutbessmall
intestine of the pig. Cell Tissue R256, 65-75 (1989).

Wilson, A.J., Furness, J.B. & Costa, M. The fine structuh®fsubmucous plexus of the
guinea-pig ileum. Il. Description and analysis of vesiculated nerve prafildgurocytol
10, 785-804 (1981).

Brehmer, A., Rupprecht, H. & Neuhuber, W. Two submucosal ngleseus in human
intestines. Histochem Cell BidB3, 14961.

Wedel, T. et al. Organization of the enteric nervous system in the huntam co
demonstrated by wholemount immunohistochemistry with special referencene
submucous plexus. Ann Ana81, 327-37 (1999).

Fukai, K. & Fukuda, H. The intramural pelvic nerves in the cofotiogs. J PhysiaB54,
89-98 (1984).

Knowles, C.H. & Aziz, Q. Basic and clinical aspects of gastrointestinal pain. 18&jn
191-209 (2009).

217



47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Akbar, A., Walters, J.R. & Ghosh, S. Review article: visceral hypdtsatysin irritable
bowel syndrome: molecular mechanisms and therapeutic agents. Alihgmbécol Ther
30, 423-35 (2009).

Cervero, F. Sensory innervation of the viscera: peripheral basis of vipae@ralP hysiol
Rev74, 95-138 (1994).

Lynn, P.A., Olsson, C., Zagorodnyuk, V., Costa, M. &o@kes, S.J. Rectal
intraganglionic laminar endings are transduction sites of extrinsic mecheptmexin the
guinea pig rectum. Gastroenteroldts, 786-94 (2003).

Brierley, S.M., Jones, R.C., 3rd, Gebhart, G.F. & Blackshaw, L.A. Sptémaind pelvic
mechanosensory afferents signal different qualities of colonic stinmulimice.
Gastroenterolog$27, 166-78 (2004).

Mayer, E.A. & Tillisch, K. The brain-gut axis in abdominal paindigmes. Annu Rev
Med 62, 38196.

Almeida, T.F., Roizenblatt, S. & Tufik, S. Afferent pain pathways: a neurcaicab
review. Brain Re4000, 40-56 (2004).

Al-Chaer, E.D., Feng, Y. & Willis, W.D. Comparative study of viseerpatic input onto
postsynaptic dorsal column and spinothalamic tract neurons in the prinigerophysiol
82, 1876-82 (1999).

Craig, A.D. How do you feelnow? The anterior insula and human awareness. Nat Re
Neuroscil0, 59-70 (2009).

Lorenz, J., Minoshima, S. & Casey, K.L. Keeping pain out of mthé role of the
dorsolateral prefrontal cortex in pain modulation. Bri6, 1079-91 (2003).

Valet, M. et al. Distraction modulates connectivity of the cingulo-frontetercand the
midbrain during pairan fMRI analysis. Paif09, 399-408 (2004).

Seifert, F. et al. Medial prefrontal cortex activity is predictive for hyperalgesia and
pharmacological antihyperalgesia. J Neur@8gi6167-75 (2009).

Ploner, M., Lee, M.C., Wiech, K., Bingel, U. & Tracey, |. Prestimufunctional
connectivity determines pain perception in humans. Proc Natl Acad Séi 108 355-60
(2010).

Lee, M.C. & Tracey, I. Unravelling the mystery of pain, suffgriand relief with brain
imaging. Curr Pain Headache Rep 124-31 (2010).

Augustine, J.R. Circuitry and functional aspects of the insular ilolprimates including
humans. Brain Res Brain Res R/ 229-44 (1996).

Bossaerts, P. Risk and risk prediction error signals in antegalainBrain Struct Funct
214, 645-53 (2010).

Brooks, J.C., Zambreanu, L., Godinez, A., Craig, A.D. &cEy, |. Somatotopic
organisation of the human insula to painful heat studied with tagblution functional
imaging.Neuroimage27, 201-9 (2005).

Baumgartner, U. et al. Multiple somatotopic representations of heat and matipamn
in the operculo-insular cortex: a high-resolution fMRI study. J Newsipl 104, 2863-72
(2010).

Henderson, L.A., Gandevia, S.C. & Macefield, V.G. Somatotopic organizatigheof
processing of muscle and cutaneous pain in the left and right instéx:carsingle-trial
fMRI study. Pain128, 20-30 (2007).

Bjornsdotter, M., Loken, L., Olausson, H., Vallbo, A. & Wessbelg,Somatotopic
organization of gentle touch processing in the posterior insular cart&eurosci29,
931420 (2009).

Raij, T.T., Numminen, J., Narvanen, S., Hiltunen, J. & Hari, R. Brarrelates of
subjective reality of physically and psychologically induced paincMNatl Acad Sci U S
A 102, 2147-51 (2005).

Albanese, M.C., Duerden, E.G., Rainville, P. & Duncan, G.H. Memorgdrat pain in
human cortex. J Neuroszy, 4612-20 (2007).

Wiech, K. et al. Anterolateral prefrontal cortex mediates the analgesic effect of expected
and perceived control over pain. J Neur@&;i11501-9 (2006).

218



69.

70.

71.

72.

73.

74,

75.

76.

77.

78.
79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Wager, T.D., Davidson, M.L., Hughes, B.L., Lindquist, M.A. & OalrsiK.N. Prefrontal-
subcortical pathways mediating successful emotion regulation. Neb®prl037-50
(2008).

Ochsner, K.N. et al. Your pain or mine? Common and distinct newstnsy supporting
the perception of pain in self and other. Soc Cogn Affect NeuBp4ei4-60 (2008).
Phelps, E.A., Delgado, M.R., Nearing, K.I. & LeDoux, J.E. Etiom learning in
humans: role of the amygdala and vmPFC. Ned3897-905 (2004).

Quirk, G.J., Garcia, R. & Gonzalez-Lima, F. Prefrontal mechanisnesxtimction of
conditioned fear. Biol PsychiatBp, 337-43 (2006).

Mayer, E.A. et al. Brain imaging approaches to the study ddtifumal Gl disorders: a
Rome working team report. Neurogastroenterol Mettjl579-96 (2009).

Moisset, X. et al. Anatomical connections between brain areas activated ceoiab r
distension in healthy volunteers: a visceral pain network. Eur J13ai2-8 (2010).
Owen, D.G., Clarke, C.F., Ganapathy, S., Prato, F.S. & St Lawrence, K.S.pdsiugion
MRI to measure the dynamic changes in neural activation associated with tonidamuscu
pain. Painl48, 375-86 (2010).

Tracey, |. & Bushnell, M.C. How neuroimaging studies have ahngdld us to rethink: is
chronic pain a disease? J Pai) 1113-20 (2009).

Tracey, |. Neuroimaging of pain mechanisms. Curr Opin Suppaltiat Carel, 10916
(2007).

Tracey, |. Imaging pain. Br J Anaesitfl, 32-9 (2008).

Fairhurst, M., Wiech, K., Dunckley, P. & Tracey, |. Anticipatory braimstactivity
predicts neural processing of pain in humans. R2%101-10 (2007).

Simpson, J. et al. Post inflammatory damage to the enteric nenatemsay diverticular
disease and its relationship to symptoms. Neurogastroenterol2¥o8#7-e58 (2009).
Golder, M. et al. Smooth muscle cholinergic denervation hypersensitividiverticular
disease. Lanceé¥61, 1945-51 (2003).

Golder, M. et al. Longitudinal muscle shows abnormal relaxation respionsiésc oxide

and contains altered levels of NOS1 and elastin in uncomplicated diverticular disease.

Colorectal Dis9, 218-28 (2007).

Tomita, R., Fujisaki, S., Tanjoh, K. & Fukuzawa, M. Role of nitric oxidthe left-sided
colon of patients with diverticular disease. Hepatogastroenterdilo@p2-6 (2000).
Huizinga, J.D., Waterfall, W.E. & Stern, H.S. Abnormal response to choinerg
stimulation in the circular muscle layer of the human colon in divertidisaase. Scand J
GastroenteroB4, 683-8 (1999).

Maselli, M.A. et al. Colonic smooth muscle responses in patients with ditartitisease
of the colon: effect of the NK2 receptor antagonist SR48968. Dig [DNe136, 34854
(2004).

Liu, L., Shang, F., Markus, I. & Burcher, E. Roles of sulx#aR receptors in human
colon circular muscle: alterations in diverticular disease. J Pharmacolher@R, 627-

35 (2002).

Burcher, E. et al. Tachykinin NK2 receptor and functional mechariisthaman colon:
changes with indomethacin and in diverticular disease and ulcerative coltfearmacol
Exp Ther324, 170-8 (2008).

Guagnini, F. et al. Neural contractions in colonic strips from patients divdrticular
disease: role of endocannabinoids and substance B5@46-53 (2006).

Di Nardo, G. et al. Review article: molecular, pathological and therapeutic features of
human enteric neuropathies. Aliment Pharmacol PBe25-42 (2008).

De Giorgio, R. & Camilleri, M. Human enteric neuropathies: morphology asldcular
pathology. Neurogastroenterol Matib, 515-31 (2004).

Painter, N.S., Truelove, S.C., Ardran, G.M. & Tuckey, M. Effect of rphie,
Prostigmine, Pethidine, and Probanthine on the Human Colon in DivesiE$tudied by
Intraluminal Pressure Recording and Cineradiography 6Ghif-63 (1965).

Parks, T.G. & Connell, A.M. Motility studies in diverticular diseas¢hefcolon. GutlO,
53442 (1969).

219



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.
109.

110.
111.
112.
113.

114.
115.

116.

117.

118.

Cortesini, C. & Pantalone, D. Usefulness of colonic motility studdéntifying patients
at risk for complicated diverticular disease. Dis Colon Re@4n339-42 (1991).
Bassotti, G., Battaglia, E., Spinozzi, F., Pelli, M.A. & Tonini, M. Twenty-foourh
recordings of colonic motility in patients with diverticular disease: evidencabioormal
motility and propulsive activity. Dis Colon Rectu, 1814-20 (2001).

Weinreich, J., Moller, S.H. & Andersen, D. Colonic haustral pattern in relatipressure
activity and presence of diverticula. Scand J Gastroent@r@&57-64 (1977).

Trotman, I.F. & Misiewicz, J.J. Sigmoid motility in diverticular disease tedirritable
bowel syndrome. G9, 218-22 (1988).

Bassotti, G. et al. Interstitial cells of Cajal, enteric nerves, and glial cells in colonic
diverticular disease. J Clin Patts8, 973-7 (2005).

Iwase, H., Sadahiro, S., Mukoyama, S., Makuuchi, H. & Yasuda, M. Mtogh of
myenteric plexuses in the human large intestine: comparison betweeimizgines with
and without colonic diverticula. J Clin Gastroente3®| 674-8 (2005).

Stoss, F. & Meier-Ruge, W. Diagnosis of neuronal colonic dysplasianmagy chronic
constipation and sigmoid diverticulosis endoscopic biopsy and enbigtoeshemical
examination. Surg Endo$g 146-9 (1991).

Deduchovas, O. et al. Morphologic pattern of myenteric neural plexus in colonic
diverticular disease. A whole-mount study employing histochemical staining fo
acetylcholinesterase. Ann An#0, 525-30 (2008).

Wedel, T. et al. Diverticular disease is associated with an enteric neuropatvealed
by morphometric analysis. Neurogastroenterol Me®jl407-14, e93t.

Bassotti, G. et al. Enteric glial cells and their role in gastrointestinal motor abnormalities
introducing the neuro-gliopathies. World J Gastroent&8p#035-41 (2007).

Clemens, C.H., Samsom, M., Roelofs, J., van Berge Henego@®@n& Smout, A.J.
Colorectal visceral perception in diverticular disease.33uv17-22 (2004).

Humes, D.J. et al. Visceral hypersensitivity in symptomatic diverticular diseaséhe
role of neuropeptides and low grade inflammation. Neurogastroenterol MotB18-
el63 (2012).

Mayer, E.A. & Gebhart, G.F. Basic and clinical aspects of visceral hyperalgesia.
Gastroenterolog$07, 271-93 (1994).

Mertz, H., Naliboff, B., Munakata, J., Niazi, N. & Mayer, E.A. Altered rectatpption is
a biological marker of patients with irritable bowel syndrome. Gastroenterdi8yyl0-
52 (1995).

Munson, K.D., Hensien, M.A., Jacob, L.N., Robinson, A.M. &stbn, W.A.
Diverticulitis. A comprehensive follow-up. Dis Colon RectG&) 318-22 (1996).
Zollinger, R.W. The prognosis in diverticulitis of the colon. ASiirg97, 418-22 (1968).
Hughes, P.A., Brierley, S.M. & Blackshaw, L.A. Post-inflammgatonodification of
colonic afferent mechanosensitivity. Clin Exp Pharmacol Ph@8i01034-40 (2009).
Hughes, P.A. et al. Post-inflammatory colonic afferent sensitisadiffierent subtypes,
different pathways and different time courses. &88,t1333-41 (2009).

Christianson, J.A. & Davis, B.M. The Role of Visceral AfferentBisease. (2011).
Brierley, S.M. Molecular basis of mechanosensitivity. Auton Neurtisg;i58-68 (2010).
Chaudhary, N.A. & Truelove, S.C. The irritable colon syndrome.ullysbf the clinical
features, predisposing causes, and prognosis in 130 cases. (B1, Be#22 (1962).
Stewart, G.T. Post-dysenteric colitis. Br Met, 105-9 (1950).

Spiller, R. & Bennett, A. Searching for the answer to irritable bowelreymel in the
colonic mucosa: SERTainty and unSERTainty. GastroenterdRyy437-41 (2007).
Neal, K.R., Barker, L. & Spiller, R.C. Prognosis in post-infectirritable bowel
syndrome: a six year follow up study. Gt 410-3 (2002).

Neal, K.R., Hebden, J. & Spiller, R. Prevalence of gastrointestinal symgianmonths
after bacterial gastroenteritis and risk factors for development ofriteble bowel
syndrome: postal survey of patients. BRA#, 779-82 (1997).

Marshall, J.K. Post-infectious irritable bowel syndrome following watertamination.
Kidney Int Suppl, S42-3 (2009).

220



119. Marshall, J.K. et al. Eight year prognosis of postinfectious irritalboleb syndrome
following waterborne bacterial dysentery. Gat 605-11 (2010).

120. Thabane, M. et al. An outbreak of acute bacterial gastroenteritis is associateah with
increased incidence of irritable bowel syndrome in children. Am J Gadtm|105, 933-

9 (2010).

121. Ford, A.C. et al. Prevalence of uninvestigated dyspepsia 8 years dditge waterborne
outbreak of bacterial dysentery: a cohort study. Gastroentera88y\L727-36; quiz €12
(2010).

122.  Villani, A.C. et al. Genetic risk factors for post-infectious irritable bowghdrome
following a waterborne outbreak of gastroenteritis. Gastroenterol®gy 150243
(2010).

123.  Marshall, J.K. et al. Intestinal permeability in patients with irritable bowedrsyne after
a waterborne outbreak of acute gastroenteritis in Walkerton, Ontario. Aimenmn&dalr
Ther 20, 1317-22 (2004).

124.  Scully, P. et al. Plasma cytokine profiles in females with irritable bowedreyne and
extra-intestinal co-morbidity. Am J Gastroentet@b, 2235-43 (2010).

125. Liebregts, T. et al. Immune activation in patients with irritable bowel synér
Gastroenterolog$32, 913-20 (2007).

126. Dinan, T.G. et al. Hypothalamic-pituitary-gut axis dysregulation in idetabowel
syndrome: plasma cytokines as a potential biomarker? Gastroentetkd0gB04-11
(2006).

127.  Collins, S.M. The immunomodulation of enteric neuromuscular fundtgplications for
motility and inflammatory disorders. Gastroenterolagy, 1683-99 (1996).

128. Ohman, L. et al. B-cell activation in patients with irritable bowel syndrgiBS).
Neurogastroenterol Motfl1, 644-50, €27 (2009).

129. Ohman, L. et al. T-cell activation in patients with irritable bowel syndroAme.J
Gastroenterol04, 1205-12 (2009).

130. Cianci, R. et al. Involvement of central immunity in uncomplicated towdar disease.
Scand J Gastroenteré4, 108-15 (2009).

131. Banerjee, S. et al. Increased presence of serotonin-producing celldoins a@ith
diverticular disease may indicate involvement in the pathophysiolotheafondition. Int
J Colorectal Dis22, 643-9 (2007).

132.  Elli, L. et al. Absence of mucosal inflammation in uncomplicated diverticuleasés Dig
Dis Sci56, 2098-103 (2011).

133.  Dunlop, S.P., Jenkins, D. & Spiller, R.C. Age-related decline in rectal salico
lymphocytes and mast cells. Eur J Gastroenterol Heétdl011-5 (2004).

134. Beharka, A.A. et al. Effect of age on the gastrointestinal-associatedseluimmune
response of humans. J Gerontol A Biol Sci Med56¢iB218-23 (2001).

135. Gwee, K.A. et al. The role of psychological and biological factors itirfestive gut
dysfunction. Gu#4, 400-6 (1999).

136.  Spiller, R.C. et al. Increased rectal mucosal enteroendocrine cells, T lyrtgs)oayd
increased gut permeability following acute Campylobacter enteritis andsirdgsenteric
irritable bowel syndrome. Gdf7, 804-11 (2000

137. O'Sullivan, M. et al. Increased mast cells in the irritable bowel syndrome.
Neurogastroenterol Motil2, 449-57 (2000).

138. Dong, W.Z. et al. Study of visceral hypersensitivity in irritable dlosyndrome. Chin J
Dig Dis 5, 103-9 (2004).

139. Barbara, G. et al. Activated mast cells in proximity to colonic nerves correittie w
abdominal pain in irritable bowel syndrome. Gastroenterol@gy693-702 (2004).

140. Kyosola, K., Penttila, O. & Salaspuro, M. Rectal mucosal adrenergic innervatibn an
enterochromaffin cells in ulcerative colitis and irritable colon. Scand J G&ms$éroll12,
3637 (1977).

141.  Dunlop, S.P., Jenkins, D., Neal, K.R. & Spiller, R.C. Relative importantce o
enterochromaffin cell hyperplasia, anxiety, and depression in postinfecti®s.
Gastroenterolog$25, 1651-9 (2003).

221



142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

Motomura, Y. et al. Enterochromaffin cell and 5-hydroxytryptaminpaeses to the same
infectious agent differ in Thl and Th2 dominant environments5Gut75-81 (2008).
Wheatcroft, J. et al. Enterochromaffin cell hyperplasia and decreaséahgetoansporter
in a mouse model of postinfectious bowel dysfunction. Neurogaséraéiotil 17, 863-
70 (2005).

Keating, C. et al. Afferent hypersensitivity in a mouse model of pdistaimatory gut
dysfunction: role of altered serotonin metabolism. J Ph$86|4517-30 (2008).

Roka, R. et al. A pilot study of fecal serine-protease activity: a pageimbbgic factor in
diarrhea-predominant irritable bowel syndrome. Clin Gastroenterol Hepatbb05
(2007).

Cenac, N. et al. Induction of intestinal inflammation in mouse by activatiproteinase-
activated receptor-2. Am J PatHd@l, 1903-15 (2002).

Lee, J.W. et al. Subjects with diarrhea-predominant IBS have iecreasctal
permeability responsive to tryptase. Dig Dis S8 2922-8 (2010).

Cenac, N. et al. Role for protease activity in visceral pain in irritadobeebsyndromeJ
Clin Invest117, 636-47 (2007).

Ibeakanma, C. et al. Brain-Gut Interactions Increase Peripheral Nociceptive $ignalin
Mice With Postinfectious Irritable Bowel Syndrome. Gastroenterology (2011).

Zhao, J.H. et al. The Expression of Protease-Activated Receptor 2iaride4Colon of
Irritable Bowel Syndrome Patients. Dig Dis Sci (2011).

Aerssens, J. et al. Alterations in mucosal immunity identified in the aflpatients with
irritable bowel syndrome. Clin Gastroenterol Hep&t{dl94-205 (2008).

Camilleri, M. et al. Genetic susceptibility to inflammation and colonic transit iredow
functional gastrointestinal disorders: preliminary analysis. NeurogastroeMetidl23,
935398 (2011).

Zucchelli, M. et al. Association of TNFSF15 polymorphism with irritable bowel
syndrome. Gut (2011).

van der Veek, P.P., van den Berg, M., de Kroon, Y.E., Verspaght, &Masclee, A.A.
Role of tumor necrosis factor-alpha and interleukin-10 gene mopmsms in irritable
bowel syndrome. Am J Gastroentet6D, 2510-6 (2005).

Gonsalkorale, W.M., Perrey, C., Pravica, V., Whorwell, P.J. & Hutohind.V.
Interleukin 10 genotypes in irritable bowel syndrome: evidence for anminfégory
component? Gui2, 91-3 (2003).

Lee, B.J. & Bak, Y.T. Irritable bowel syndrome, gut microbiota gmdbiotics. J
Neurogastroenterol Motil7, 252-66 (2011).

Dunlop, S.P. et al. Abnormal intestinal permeability in subgroup$aofhea-predominant
irritable bowel syndromes. Am J Gastroentel@l, 1288-94 (2006).

Hooper, L.V. et al. Molecular analysis of commensal host-microbial relationshipg
intestine. Scienc91, 881-4 (2001).

Brint, E.K., MacSharry, J., Fanning, A., Shanahan, F. & Quiglely). Differential
expression of toll-like receptors in patients with irritable bowel syndroAre. J
Gastroenterol06, 329-36 (2011).

Schoepfer, A.M., Schaffer, T., Seibold-Schmid, B., Muller, S. & Seibol&nEbodies to
flagellin indicate reactivity to bacterial antigens in IBS patients. Neurogastroéiotil
20, 1110-8 (2008).

Voss, E. et al. NOD2/CARD15 mediates induction of the antimicrobial peptidenhuma
beta-defensin-2. J Biol Che?81, 2005-11 (2006).

Langhorst, J. et al. Elevated human beta-defensin-2 levels indicatetieation of the
innate immune system in patients with irritable bowel syndrome. @asiroenterol04,
404-10 (2009).

Zoetendal, E.G., Akkermans, A.D. & De Vos, W.M. Temperature gradieht g
electrophoresis analysis of 16S rRNA from human fecal samples revalls and host-
specific communities of active bacteria. Appl Environ Microligl 3854-9 (1998).
Edlund, C. et al. Comparative effects of moxifloxacin and clarithromgnitthe normal
intestinal microflora. Scand J Infect (88, 81-5 (2000).

222



165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

Mendall, M.A. & Kumar, D. Antibiotic use, childhood affluence and irritabtevél
syndrome (IBS). Eur J Gastroenterol Hepd®|59-62 (1998).

Stermer, E., Lubezky, A., Potasman, |., Paster, E. & LavyisAraveler's diarrhea a
significant risk factor for the development of irritable bowel syndromefospective
study. Clin Infect Di##3, 898-901 (2006).

Balsari, A., Ceccarelli, A., Dubini, F., Fesce, E. & Poli, G. The fecal microbiallptipn

in the irritable bowel syndrome. Microbiologi&a185-94 (1982).

Matto, J. et al. Composition and temporal stability of gastrointestinal microlmiota
irritable bowel syndromea longitudinal study in IBS and control subjects. FEMS
Immunol Med Microbiol43, 213-22 (2005).

Tana, C. et al. Altered profiles of intestinal microbiota and organic acigbenthe origin
of symptoms in irritable bowel syndrome. Neurogastroenterol N2@til512-9, ells
(2010).

Malinen, E. et al. Analysis of the fecal microbiota of irritable bowel symér patients
and healthy controls with real-time PCR. Am J Gastroentd®|373-82 (2005).

Noor, S.O. et al. Ulcerative colitis and irritable bowel patients exhibit distinct
abnormalities of the gut microbiota. BMC Gastroentéfpl134 (2010).

Rhee, S.H., Pothoulakis, C. & Mayer, E.A. Principles and clinical implicatibrite
brain-gutenteric microbiota axis. Nat Rev Gastroenterol Hep@tdD6-14 (2009).

Sheth, A. & Floch, M. Probiotics and diverticular disease. Nutr ClinctP24, 414
(2009).

Quigley, E.M. Gut microbiota, inflammation and symptomatic diverticulseate. New
insights into an old and neglected disorder. J Gastrointestin Livet9Di79.

Narula, N. & Marshall, J.K. Role of probiotics in management of divéaiadiseaseJ
Gastroenterol Hepat@b, 182730.

Kassinen, A. et al. The fecal microbiota of irritable bowel syndrome patibfiess
significantly from that of healthy subjects. Gastroenteroli®8y 24-33 (2007).
Krogius-Kurikka, L. et al. Microbial community analysis revealghhievel phylogenetic
alterations in the overall gastrointestinal microbiota of diarrhoea-predonimiaible
bowel syndrome sufferers. BMC Gastroent&,d5 (2009).

Bradesi, S. Role of spinal cord glia in the central processing of peripaéngberception.
Neurogastroenterol Moti12, 499511.

Keating, C., Pelegrin, P., Martinez, C.M. & Grundy, D. P2X7 recegpépendent
intestinal afferent hypersensitivity in a mouse model of postinfectious leritatwel
syndrome. J Immundl87, 1467-74 (2011).

Liu, H.X. & Hokfelt, T. The participation of galanin in pain processitdghe spinal level.
Trends Pharmacol S2B, 468-74 (2002).

Saab, C.Y., Wang, J., Gu, C., Garner, K.N. & Al-Chaer, E.D. Ml@p@ newly
discovered role in visceral hypersensitivity? Neuron Glia Bi@71-277 (2007).

Riazi, K. et al. Microglial activation and TNFalpha production mediate altered CNS
excitability following peripheral inflammation. Proc Natl Acad Sci U 305, 171516
(2008).

Hains, B.C. & Waxman, S.G. Activated microglia contribute to the maintenahce
chronic pain after spinal cord injury. J Neura2gj 4308-17 (2006).

Zhang, F. et al. Selective activation of microglia in spinal cord but not higgrécal
regions following nerve injury in adult mouse. Mol P4&jriL5 (2008).

Spiller, R.C. et al. The Patient Health Questionnaire 12 Somatic Symptom saale as
predictor of symptom severity and consulting behaviour in patieitksitsitable bowel
syndrome and symptomatic diverticular disease. Aliment PharmacoBZhg&t120.
Azpiroz, F. et al. Mechanisms of hypersensitivity in IBS and funatiadisorders.
Neurogastroenterol Motil9, 62-88 (2007).

Price, D.D., Zhou, Q., Moshiree, B., Robinson, M.E. & Verne, ®&ipheral and central
contributions to hyperalgesia in irritable bowel syndrome. J P,&29-35 (2006).
Wilder-Smith, C.H., Schindler, D., Lovblad, K., Redmond, S.M. &kkb, A. Brain
functional magnetic resonance imaging of rectal pain and activation afgemdus

223



189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.
205.
206.
207.
208.

209.

210.

211.

inhibitory mechanisms in irritable bowel syndrome patient subgroups haadthy
controls. Gub3, 1595-601 (2004).

Wilder-Smith, C.H. & Robert-Yap, J. Abnormal endogenous paidutadion and somatic
and visceral hypersensitivity in female patients with irritable bowel syndr World J
Gastroenterol3, 3699-704 (2007).

Berman, S.M. et al. Reduced brainstem inhibition during anticipated pelvicaligpzén
correlates with enhanced brain response to the visceral stimulus ianwwith irritable
bowel syndrome. J Neurosz8, 349-59 (2008).

Hobson, A.R. & Aziz, Q. Brain imaging and functional gastrointestinalrdéss: has it
helped our understanding? Ga®, 1198-206 (2004).

Mertz, H. et al. Regional cerebral activation in irritable bowel syndrome and lcontro
subjects with painful and nonpainful rectal distention. Gastroenteraldgy 8428
(2000).

Tillisch, K., Mayer, E.A. & Labus, J.S. Quantitative meta-analysis iflestbrain regions
activated during rectal distension in irritable bowel syndrome. Gastroenterz10g91-
100 (2011).

Elsenbruch, S. et al. Patients with irritable bowel syndrome have akenetional
modulation of neural responses to visceral stimuli. Gastroenterd89gy310-9 (2010).
Mayer, E.A. et al. Differences in brain responses to visceral pain bepetents with
irritable bowel syndrome and ulcerative colitis. P&1h, 398-409 (2005).

Hall, G.B. et al. Heightened central affective response to visceral sensatipais @fnd
discomfort in IBS. Neurogastroenterol Md2R, 276-e80 (2010).

Giuliani, N.R., Drabant, E.M. & Gross, J.J. Anterior cingulate cortex vomieemotion
regulation: is bigger better? Biol Psycl&sl 379-82 (2011).

Elsenbruch, S. et al. Affective disturbances modulate the neural proce$siisgeral
pain stimuli in irritable bowel syndrome: an fMRI study. G@t 489-95 (2010).
Apkarian, A.V. in Translational Pain Research: From Mouse to Man. (eds. Kiuger
Light, A.R.) (CRC Press, 2010).

Song, G.H. et al. Cortical effects of anticipation and endogenous modubtiasceral
pain assessed by functional brain MRI in irritable bowel syndrome patients andy health
controls. Pairl26, 79-90 (2006).

King, C.D. et al. Deficiency in endogenous modulation of prolongetigséa in patients
with Irritable Bowel Syndrome and Temporomandibular Disorder. PdB) 1728
(2009).

Berman, S.M. et al. Enhanced preattentive central nervous system reactivitialie
bowel syndrome. Am J Gastroente®3d| 2791-7 (2002).

Naliboff, B.D. et al. Longitudinal change in perceptual and brain activatigqomes to
visceral stimuli in irritable bowel syndrome patients. Gastroenteroli®jy 352-65
(2006).

Labus, J.S. et al. Brain networks underlying perceptual habituation ¢ategpaversive
visceral stimuli in patients with irritable bowel syndrome. Neuroiméfy®52-60 (2009).
Fields, H.L. in Text Book of Pain (eds. Wall, P.D. & Melzack, R.) 123-(2005).
Gebhart, G.F. Descending modulation of pain. Neurosci Biobeha2mR&29-37 (2004).
Drewes, A.M. et al. Pain in chronic pancreatitis: the role of neuropathieymihanisms.
Gut57, 1616-27 (2008).

Leonard, G. et al. Evidence of descending inhibition deficits in atypicatdiutlassical
trigeminal neuralgia. PaitM7, 217-23 (2009).

Mainero, C., Zhang, W.T., Kumar, A., Rosen, B.R. & Sceaen#\.G. Mapping the spinal
and supraspinal pathways of dynamic mechanical allodynia in the hungemitral
system using cardiac-gated fMRI. Neuroima&§e1201-10 (2007).

Sandrini, G. et al. Abnormal modulatory influence of diffuse noxiabgitory controls
in migraine and chronic tension-type headache patients. Ceph&2é)gia2-9 (2006).
Gwilym, S.E. et al. Psychophysical and functional imaging evidenceosgimp the
presence of central sensitization in a cohort of osteoarthritis patients. Afiiméisn6l,
122634 (2009).

224



212.

213.

214,

215.

216.

217.

218.

219.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

Olesen, S.S. et al. Descending inhibitory pain modulation is impaired in patiehts wit
chronic pancreatitis. Clin Gastroenterol Hep&{or24-30 (2010).

Vincent, K. et al. Dysmenorrhoea is associated with central changéiseinwvise healthy
women. Pairl52, 1966-75 (2011).

Gwilym, S.E., Oag, H.C., Tracey, |. & Carr, A.J. Evidence thatraé sensitisation is
present in patients with shoulder impingement syndrome and in#esghe outcome after
surgery. J Bone Joint Surg BB, 498-502 (2011).

De Felice, M. et al. Engagement of descending inhibition from the rostrabueedial
medulla protects against chronic neuropathic pain. Pain (2011).

Tracey, |. Getting the pain you expect: mechanisms of placebo, nocelreappraisal
effects in humand\Nat Med 16, 1277-83 (2010).

Basbaum, A.l. & Fields, H.L. Endogenous pain control systenainstem spinal
pathways and endorphin circuitry. Annu Rev Neur@s&09-38 (1984).

Yelle, M.D., Oshiro, Y., Kraft, R.A. & Coghill, R.C. Temporal filtering nbciceptive
information by dynamic activation of endogenous pain modulatory ragstd@ Neurosci
29, 10264-71 (2009).

Zambreanu, L., Wise, R.G., Brooks, J.C., lannetti, G.D. & TrateW role for the
brainstem in central sensitisation in humans. Evidence from fuattiomgnetic
resonance imaging. Pali4, 397-407 (2005).

Hadjipaviou, G., Dunckley, P., Behrens, T.E. & Tracey, |. Detdngiranatomical
connectivities between cortical and brainstem pain processing regiohamans: a
diffusion tensor imaging study in healthy controls. PEI8, 169-78 (2006).
Wilder-Smith, C.H. The balancing act: endogenous modulation of paiiurictional
gastrointestinal disorders. G&f, 1589-99 (2011).

Campbell, C.M. et al. Ethnic differences in diffuse noxious inhibitamtrols. J Pair®,
75966 (2008).

Vincent, K. & Tracey, I. Sex hormones and pain: the evidence froatifuinal imaging.
Curr Pain Headache Réd, 396-403 (2010).

Popescu, A., LeResche, L., Truelove, E.L. & Drangsholt, M.T. Eedifferences in pain
modulation by diffuse noxious inhibitory controls: a systematic reviewn P%0, 309418
(2010).

Wilder-Smith, O.H. Chronic pain and surgery: a review of newghtsi from sensory
testing. J Pain Palliat Care Pharmacotgrl4659.

Wilder-Smith, O.H., Schreyer, T., Scheffer, G.J. & Arendt-NieldenpPatients with
chronic pain after abdominal surgery show less preoperative endogenotishgztion
and more postoperative hyperalgesia: a pilot study. J Pain Palliat Careaebérer24,
11928.

Edwards, R.R. Individual differences in endogenous pain atdin as a risk factor for
chronic pain. Neurolog§5, 437-43 (2005).

Ge, H.Y., Nie, H., Graven-Nielsen, T., Danneskiold-Samsoe, B. & Arendgeviel.
Descending pain modulation and its interaction with peripheral sensitization following
sustained isometric muscle contraction in fibromyalgia. Eur J Pain)2011

De Felice, M., Ossipov, M.H. & Porreca, F. Persistent medication-induced neural
adaptations, descending facilitation, and medication overuse headache. CuNeGqh
24, 193-6 (2011).

Suzuki, R., Rygh, L.J. & Dickenson, A.H. Bad news from bingin: descending 5-HT
pathways that control spinal pain processing. Trends Pharma@3, $4i3-7 (2004).
Benarroch, E.E. Descending monoaminergic pain modulation: bidirectional Icantto
clinical relevance. Neurologgl, 217-21 (2008).

Benedetti, F., Mayberg, H.S., Wager, T.D., Stohler, C.S. & Zubieta, J.K. Nelogiba
mechanisms of the placebo effect. J Neur@Scil0390-402 (2005).

Vera-Portocarrero, L.P. et al. Descending facilitation from the rostrairoveedial
medulla maintains visceral pain in rats with experimental pancreatitis. datgrology
130, 2155-64 (2006).

Tracey, |. Can neuroimaging studies identify pain endophenotypesnians? Nat Rev
Neurol7, 173-81 (2011).

225



235.

236.

237.

238.

239.

240.

241.

242,

243.

244,

245,

246.

247.

248.

249.

250.

251.

252.

253.

254,

255.

256.

257.

258.

259.

Dunckley, P. et al. Attentional modulation of visceral and somatic pain.
Neurogastroenterol Motil9, 569-77 (2007).

Petrovic, P., Petersson, K.M., Ghatan, P.H., Stone-Elander, S. &r)rigv Pain-related
cerebral activation is altered by a distracting cognitive task. 8ait9-30 (2000).
Bushnell, M.C. et al. Pain perception: is there a role for primary somatgecortex?
Proc Natl Acad Sci U S 86, 7705-9 (1999).

Longe, S.E. et al. Counter-stimulatory effects on pain perception aéssing are
significantly altered by attention: an fMRI study. Neurored@;t2021-5 (2001).

Bantick, S.J. et al. Imaging how attention modulates pain in humang fisictional
MRI. Brain 125, 310-9 (2002).

Brooks, J.C., Nurmikko, T.J., Bimson, W.E., Singh, K&Roberts, N. fMRI of thermal
pain: effects of stimulus laterality and attention. Neurointg®93-301 (2002).

Peyron, R. et al. Haemodynamic brain responses to acute pain in hs®ascsry and
attentional networks. Brait22 ( Pt 9), 1765-80 (1999).

Ploner, M., Lee, M.C., Wiech, K., Bingel, U. & Tracey, |. Flexible cesietbonnectivity
patterns subserve contextual modulations of pain. Cereb Girté%9-26 (2011).
Gregory, L.J. et al. Cognitive modulation of the cerebral proces$ingman oesophageal
sensation using functional magnetic resonance imaginghZ>a671-7 (2003).

Coen, S.J. et al. Effects of attention on visceral stimulus intensiyderg in the male
human brain. Gastroenterolofj$s, 2065-74, 2074 el (2008).

Moont, R., Pud, D., Sprecher, E., Sharvit, G. & Yarnitsky, D. 'Pahibits pain’
mechanisms: Is pain modulation simply due to distraction? B8in113-20 (201D
Yaguez, L. et al. Brain response to visceral aversive conditioning: a fualctih@gnetic
resonance imaging study. Gastroenteroltigf}; 1819-29 (2005).

Coen, S.J. et al. Neuroticism influences brain activity during the experiéndgsceral
pain. Gastroenterologi4l, 909-917 el (2011).

Posserud, 1., Svedlund, J., Wallin, J. & Simren, M. Hypervigilainceritable bowel
syndrome compared with organic gastrointestinal disease. J PsycRes68 399-405
(20009).

Bingel, U. & Tracey, |. Imaging CNS modulation of pain in humaR&ysiology
(Bethesdal3, 371-80 (2008).

Roy, M., Lebuis, A., Peretz, I. & Rainville, P. The modulation aihpby attention and
emotion: a dissociation of perceptual and spinal nociceptive processesP&inld, 641
el-10.

Roy, M., Piche, M., Chen, J.l., Peretz, |. & Rainville, P. Ceredmrdlspinal modulation of
pain by emotions. Proc Natl Acad Sci U 3@6, 20900-5 (2009).

Berna, C. et al. Induction of depressed mood disrupts emotion regufetiocircuitry
and enhances pain unpleasantness. Biol Psycl@atiy083-90 (2010).

Ploghaus, A. et al. Exacerbation of pain by anxiety is associated withtyadtiva
hippocampal network. J Neurogd, 9896-903 (2001).

Lyte, M., Vulchanova, L. & Brown, D.R. Stress at the intestinalase: catecholamines
and mucosa-bacteria interactions. Cell Tissue388s23-32 (2011).

Gareau, M.G., Silva, M.A. & Perdue, M.H. Pathophysiological mechanisnstreds-
induced intestinal damage. Curr Mol Med274-81 (2008).

Teitelbaum, A.A., Gareau, M.G., Jury, J., Yang, P.C. & Perdue, Mhtbnic peripheral
administration of corticotropin-releasing factor causes colonic barrgumigtion similar
to psychological stress. Am J Physiol Gastrointest Liver Phg8i1G452-9 (2008).
O'Mahony, S.M. et al. Early life stress alters behavior, immunity, dotbbiota in rats:
implications for irritable bowel syndrome and psychiatric illnesses. Biol Reygl65,
2637 (2009).

Collins, S.M. & Bercik, P. The relationship between intestinal microbiotatandentral
nervous system in normal gastrointestinal function and disease. Gastobeyy 136,
200314 (2009).

Forsythe, P., Sudo, N., Dinan, T., Taylor, V.H. & Bienenstockjabd and gut feelings.
Brain Behav Immur24, 9-16 (2010).

226



260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274,

275.

276.

277.

278.

279.

280.

281.

282.

283.

Raichle, M.E. et al. A default mode of brain function. Proc Natl AeidJ S A98, 676-
82 (2001).

Greicius, M.D., Krasnow, B., Reiss, A.L. & Menon, V. Functional cotimiég in the
resting brain: a network analysis of the default mode hypothesis.Naitbécad Sci U S
A 100, 253-8 (2003).

Fox, M.D. et al. The human brain is intrinsically organized into dynaamt¢orrelated
functional networks. Proc Natl Acad Sci U 9@2, 9673-8 (2005).

Liang, M. et al. Widespread functional disconnectivity in schizophrerita resting-state
functional magnetic resonance imaging. Neuroreptr209-13 (2006).

Williamson, P. Are anticorrelated networks in the brain relevant tozgghrenia?
Schizophr Bull33, 994-1003 (2007).

Tian, L. et al. Altered resting-state functional connectivity patterns of anteriorlai@gu
cortex in adolescents with attention deficit hyperactivity disorder. Neuke#c400, 39-
43 (2006).

Greicius, M.D. et al. Resting-state functional connectivity in major depression:
abnormally increased contributions from subgenual cingulate cortex alatrs. Biol
Psychiatry62, 429-37 (2007).

Kennedy, D.P., Redcay, E. & Courchesne, E. Failing to deactivate: réstiagpnal
abnormalities in autism. Proc Natl Acad Sci U $08, 8275-80 (2006).

Greicius, M.D., Srivastava, G., Reiss, A.L. & Menon, V. Default-mode aré&tactivity
distinguishes Alzheimer's disease from healthy aging: evidence frocticiual MRI.
Proc Natl Acad Sci U S A01, 4637-42 (2004).

Napadow, V. et al. Intrinsic brain connectivity in fibromyalgia is assatiaféh chronic
pain intensity. Arthritis Rheur®2, 2545-55 (2010).

Van Oudenhove, L. et al. Abnormal regional brain activity during resdt(anticipated)
gastric distension in functional dyspepsia and the role of anxiety: al9{@KPET study.
Am J Gastroenterdl05, 913-24 (2010).

Baliki, M.N. et al. Chronic pain and the emotional brain: specific brain actg$pciated
with spontaneous fluctuations of intensity of chronic back paMeukosci26, 12165-73
(2006).

Tagliazucchi, E., Balenzuela, P., Fraiman, D. & Chialvo, D.R. Brain resting istate
disrupted in chronic back pain patients. Neurosci4&ht 26-31 (2010).

Gustin, S.M. et al. Different pain, different brain: thalamic anatomy imopathic and
non-neuropathic chronic pain syndromes. J Neurdikcb956-64 (2011).

Apkarian, A.V. et al. Chronic back pain is associated with decreased ratfend
thalamic gray matter density. J Neuro24j 10410-5 (2004).

Burgmer, M. et al. Decreased gray matter volumes in the cingulo-frootiaix and the
amygdala in patients with fiboromyalgia. Psychosom Mgdb66-73 (2009).

Lutz, J. et al. White and gray matter abnormalities in the brain of patidtits w
fibromyalgia: a diffusion-tensor and volumetric imaging study. ArthRtieum58, 3960-
9 (2008).

Seminowicz, D.A. et al. Regional gray matter density changes in whjpatients with
irritable bowel syndrome. Gastroenterold@@, 48-57 e2 (2010).

Valet, M. et al. Patients with pain disorder show gray-matter loss in padeg®ing
structures: a voxel-based morphometric study. Psychoson7Me®-56 (2009).
Frokjaer, J.B. et al. Altered brain microstructure assessed by difftesisor imaging in
patients with chronic pancreatitis. Gut (2011).

Kuchinad, A. et al. Accelerated brain gray matter loss in fibromyalgia patjgremature
aging of the brain? J Neurost4, 4004-7 (2007).

Blankstein, U., Chen, J., Diamant, N.E. & Davis, K.D. Altered brain streiétuirritable
bowel syndrome: potential contributions of pre-existing and diseagmdfactors.
Gastroenterolog$38, 1783-9 (2010).

Chen, J.Y., Blankstein, U., Diamant, N.E. & Davis, K.D. White maitarormalities in
irritable bowel syndrome and relation to individual factors. Brain Ra@2, 121-31
(2011).

May, A. Chronic pain may change the structure of the brain. B&jr7-15 (2008).

227



284.  Seifert, F. & Maihofner, C. Functional and structural imaging of paineéadu
neuroplasticity. Curr Opin Anaesthesi, 515-23 (2011).

285.  May, A. Structural brain imaging: a window into chronic pain. Neuroseight 209-20
(2011).

286. Seminowicz, D.A. et al. Effective treatment of chronic low back pairuméns reverses
abnormal brain anatomy and function. J Neur8&cir540-50 (2011).

287.  Sullivan, M.J. et al. Theoretical perspectives on the relation between catastrp@nd
pain Clin J Painl7, 52-64 (2001).

288.  Sullivan, M.J., Rodgers, W.M. & Kirsch, |. Catastrophizing, depresaial expectancies
for pain and emotional distress. P&iy 147-54 (2001).

289. Van Damme, S., Crombez, G. & Eccleston, C. Disengagement fromtpaimole of
catastrophic thinking about pain. Pdidi7, 70-6 (2004).

290. Thorn, B.E. et al. Personality factors in the explanation of sderelifces in pain
catastrophizing and response to experimental pain. Clin J28a275-82 (2004).

291. Pavlin, D.J., Sullivan, M.J., Freund, P.R. & Roesen, K. Catastrophiainisk factor for
postsurgical pain. Clin J Pa#i, 83-90 (2005).

292.  Goubert, L., Crombez, G. & Van Damme, S. The role of neuroticism, pisticgphizing
and pain-related fear in vigilance to pain: a structural equations appRaicil07, 234-
41 (2004).

293. Roelofs, J., Peters, M.L., McCracken, L. & Vlaeyen, JW. The p&iance and
awareness questionnaire (PVAQ): further psychometric evaluation imfjatgia and
other chronic pain syndromes. PAD1, 299-306 (2003).

294. Crombez, G., Eccleston, C., Van den Broeck, A., Goubert, L. & Nandenhove, B.
Hypervigilance to pain in fibromyalgia: the mediating role of pain intensityl
catastrophic thinking about pain. Clin J P2y 98-102 (2004).

295.  Seminowicz, D.A. & Davis, K.D. Cortical responses to pain in healtidividuals
depends on pain catastrophizing. PHIA, 297-306 (2006).

296. Gracely, R.H. et al. Pain catastrophizing and neural responses to pain@ersorgs with
fibromyalgia. Brainl27, 835-43 (2004).

297. Velly, AM. et al. The effect of catastrophizing and depression onnichjmain - a
prospective cohort study of temporomandibular muscle and joint sairddrs. Paii52,
237783 (2011).

298. Lackner, J. et al. Patient-Reported Outcomes for Irritable Bowel Syndrorae Ar
Associated With Patients' Severity Ratings of Gastrointestinal Symptoms and
Psychological Factors. Clin Gastroenterol Hepatol (2011).

299. Seres, G. et al. Different associations of health related quality of life with pain,
psychological distress and coping strategies in patients with irritable bowdrbsye and
inflammatory bowel disorder. J Clin Psychol Med Settibs287-95 (2008).

300. Simpson, J. et al. Prolonged elevation of galanin and tachykipiression in mucosal
and myenteric enteric nerves in trinitrobenzene sulphonic acid colitis. Netnugyasrol
Motil 20, 392-406 (2008).

301. Mayer, E.A. et al. Brain imiaging approaches to the study of Gl dissr A Rome
Working Team Report. Neurogastroenterol Motil., 579-596 (2009).

302. Verne, G.N., Robinson, M.E. & Price, D.D. Hypersensitivity to viscand cutaneous
pain in the irritable bowel syndrome. P&B, 7-14 (2001).

303. Verne, G.N. et al. Central representation of visceral and cutaneous hypeiiseinsithe
irritable bowel syndrome. Pait03, 99-110 (2003).

304. Whitehead, W.E. & Delvaux, M. Standardization of barostat proceduresesting
smooth muscle tone and sensory thresholds in the gastrointestinal trac¥drking
Team of Glaxo-Wellcome Research, UK. Dig Dis &2i223-41 (1997).

305. Smith, J.K. et al. fMRI and MEG analysis of visceral pain in healitblunteers.
Neurogastroenterol Moti23, 648-e260 (2010).

306. Spiller, R.C. et al. The Patient Health Questionnaire 12 Somatic Symptom saale as
predictor of symptom severity and consulting behaviour in patieitksirsitable bowel
syndrome and symptomatic diverticular disease. Aliment Pharmacol 3theB11-20
(2010).

228



307. Wasan, A.D., Taubenberger, S.P. & Robinson, W.M. Reasons focifation in pain
research: can they indicate a lack of informed consent? Pain0/éd1-9 (2009).

308. McCann, S.K., Campbell, M.K. & Entwistle, V.A. Reasons for participating
randomised controlled trials: conditional altruism and considerations for selfs T1, 31
(2010).

309. Fearn, P., Avenell, A., McCann, S., Milne, A.C. & Maclennan, G. Factdremfing the
participation of older people in clinical trials - data analysis from the MAVIS trialutr
Health Agingl4, 51-6 (2010).

310. Stawowy, M., Funch-Jensen, P., Arendt-Nielsen, L. & DreweM. Somatosensory
changes in the referred pain area in patients with cholecystolithiasis. Gstdoenterol
Hepatoll7, 865-70 (2005).

311. Stawowy, M. et al. Somatosensory changes in the referred pairfoleeing acute
inflammation of the appendix. Eur J Gastroenterol Hepla01079-84 (2002).

312. Piche, M., Arsenault, M., Poitras, P., Rainville, P. & Bouin, M. Widespread
hypersensitivity is related to altered pain inhibition processes in irritallelsyndrome.
Pain148, 49-58 (2010).

313. Verne, G.N. et al. Central representation of visceral and cutaneous hypeiisemnsithe
irritable bowel syndrome. PaitD3, 99-110 (2003).

314. Rodrigues, A.C., Nicholas Verne, G., Schmidt, S. & Mauderli, A.P. Hgpsitivity to
cutaneous thermal nociceptive stimuli in irritable bowel syndrome. B&irb-11 (2005).

315. Moshiree, B., Price, D.D., Robinson, M.E., Gaible, R. & Verne, G.Nerffal and
visceral hypersensitivity in irritable bowel syndrome patients with andhowit
fibromyalgia. Clin J Pim 23, 323-30 (2007).

316.  Zhou, Q., Fillingim, R.B., Riley, J.L., 3rd & Verne, G.N. @fmal hypersensitivity in a
subset of irritable bowel syndrome patients. World J Gastroeritgr8254-60 (2009).

317.  Zhou, Q., Fillingim, R.B., Riley, J.L., 3rd, Malarkey, W.E.Verne, G.N. Central and
peripheral hypersensitivity in the irritable bowel syndrome. R4#) 454-61 (2010).

318. Rossel, P. et al. Cerebral response to electric stimulation of the colon amdiraddskin
in healthy subjects and patients with irritable bowel syndrome. St&waktroenterd6,
125966 (2001).

319. Chang, L. Brain responses to visceral and somatic stimuli in lgitatwel syndrome: a
central nervous system disorder? Gastroenterol Clin NortB4n271-9 (2005).

320. Dunphy, R.C. et al. Visceral and cutaneous hypersensitivity in Pésiiwar veterans
with chronic gastrointestinal symptoms. Pa@2, 79-85 (2003).

321.  Jarrell, J. Demonstration of cutaneous allodynia in association withichpelvic pain.J
Vis Exp (2009).

322.  Price, D.D. et al. Widespread hyperalgesia in irritable bowel syndrome &nibaily
maintained by tonic visceral impulse input and placebo/nocebo factedeneg from
human psychophysics, animal models, and neuroimaging. Newg®idg 995-1001
(20009).

323.  Zhou, Q., Price, D.D., Caudle, R.M. & Verne, G.N. Visceral and somatierbgpsitivity
in a subset of rats following TNBS-induced colitis. P#34, 9-15 (2008).

324.  Zhou, Q., Price, D.D., Caudle, R.M. & Verne, G.N. Visceral and somatiergpsitivity
in TNBS-induced colitis in rats. Dig Dis S8, 429-35 (2008).

325.  Aziz, Q. et al. Cortical processing of human somatic and visceral sensahienrosc0,
2657-63 (2000).

326. Dunckley, P. et al. A comparison of visceral and somatic pain progessthe human
brainstem using functional magnetic resonance imaging. J Ne@5&t333-41 (2005).

327. Hobday, D.I. et al. A study of the cortical processing of ano-reetasation using
functional MRI. Brain124, 361-8 (2001).

328.  Strigo, I.A., Albanese, M.C., Bushnell, M.C. & Duncan, G.H. Visceral ataheous pain
representation in parasylvian cortex. Neurosti 884, 54-9 (2005).

329.  Strigo, I.A., Duncan, G.H., Boivin, M. & Bushnell, M.C. Differentiatiohwisceral and
cutaneous pain in the human brain. J Neuroph$808294-303 (2003).

330. Strigo, I.A., Bushnell, M.C., Boivin, M. & Duncan, G.H. Psychggbal analysis of
visceral and cutaneous pain in human subjects. %ai235-46 (2002).

229



331.

332.

333.

334.

335.

336.

337.

338.

339.

340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

350.

351.

352.

353.

354.

Roy, M., Lebuis, A., Peretz, I. & Rainville, P. The modulation ainpby attention and
emotion: a dissociation of perceptual and spinal nociceptive processesP&unld, 641
el1-10 (2011).

Villemure, C. & Bushnell, M.C. Mood influences supraspinal paircgssing separately
from attention. J Neuros@b, 705-15 (2009).

Schweinhardt, P. et al. Investigation into the neural correlates of emotimmakatation
of clinical pain. Neuroimag40, 759-66 (2008).

Strigo, I.A., Simmons, A.N., Matthews, S.C., Craig, A.D. & PauMs. Association of
major depressive disorder with altered functional brain response dutingpation and
processing of heat pain. Arch Gen Psychi&byl1275-84 (2008).

Van Oudenhove, L. Understanding gut-brain interactions in gagtstimal pain by
neuroimaging: lessons from somatic pain studies. Neurogastroentetibl2Bja292302
(2011).

Peyron, R., Faillenot, I., Mertens, P., Laurent, B. & Garcia-Larkedylotor cortex
stimulation in neuropathic pain. Correlations between analgesic effect amadlyreamic
changes in the brain. A PET study. Neuroimad4e310-21 (2007).

Devinsky, O., Morrell, M.J. & Vogt, B.A. Contributions of anterior aifege cortex to
behaviour. Brairl18 ( Pt 1), 279-306 (1995).

Jones, AK., Brown, W.D., Friston, K.J., Qi, L.Y. & Frackowiak, R.%rtical and
subcortical localization of response to pain in man using positron emissi@wyraphy.
Proc Biol Sci244, 39-44 (1991).

Talbot, J.D. et al. Multiple representations of pain in human cerebral cortex. Setdnce
13558 (1991).

Davis, K.D., Taylor, S.J., Crawley, A.P., Wood, M.L. & Mikulis,JDFunctional MRI of
pain- and attention-related activations in the human cingulate cortex. J Nesiob@7,
337080 (1997).

Brown, C.A. & Jones, A.K. A role for midcingulate cortex ire timterruptive effects of
pain anticipation on attention. Clin Neurophysi@b, 2370-9 (2008).

Yu, R., Zhou, W. & Zhou, X. Rapid processing of both relmarobability and reward
uncertainty in the human anterior cingulate cortex. PLoS8)a29633 (2011).

Critchley, H.D., Mathias, C.J. & Dolan, R.J. Neural activity in the humamlvelating to
uncertainty and arousal during anticipation. Neu2®n537-45 (2001).

Johansen, J.P. & Fields, H.L. Glutamatergic activation of anterior cingatatex
produces an aversive teaching signal. Nat Neury98-403 (2004).

Ploghaus, A. et al. Dissociating pain from its anticipation in theaimuonain. Scienc284,
197981 (1999).

Buchel, C., Morris, J., Dolan, R.J. & Friston, K.J. Brain systeresliating aversive
conditioning: an event-related fMRI study. Neu2ih 947-57 (1998).

Wang, J.Y. et al. Anticipation of pain enhances the nociceptive transmiasion
functional connectivity within pain network in rats. Mol Pdir34 (2008).

Sarinopoulos, |. et al. Uncertainty during anticipation modulates neurabnssp to
aversion in human insula and amygdala. Cereb C@(e829-40 (2010).

Naliboff, B.D. et al. Cerebral activation in patients with irritable bowel symeé and
control subjects during rectosigmoid stimulation. Psychosom@@e@65-75 (2001).
Berman, S.M. et al. Condition-specific deactivation of brain regions by $+idgeptor
antagonist Alosetron. Gastroenterold@3, 969-77 (2002).

Mayer, E.A. et al. The effect of the 5-HT3 receptor antagonist, aloseirorrain
responses to visceral stimulation in irritable bowel syndrome patients. Alithentmacol
Ther 16, 1357-66 (2002).

Craig, A.D. Interoception: the sense of the physiological conditioneolbdédy. Curr Opin
Neurobiol13, 500-5 (2003).

Critchley, H.D., Wiens, S., Rotshtein, P., Ohman, A. & Dolan, R.J.raleystems
supporting interoceptive awareness. Nat Neurgst89-95 (2004).

Peltz, E. et al. Functional connectivity of the human insular cortexgdagrious and
innocuous thermal stimulation. Neuroimaigfe 132435.

230



355.  Apkarian, A.V. Pain perception in relation to emotional learning. Curr Qpimrobiol18,
464-8 (2008).

356. Baliki, M.N., Geha, P.Y. & Apkarian, A.V. Parsing pain perception betwemiceptive
representation and magnitude estimation. J Neurophy&lol875-87 (2009).

357. Oertel, B.G. et al. Separating brain processing of pain from that of sinmténsity. Hum
Brain Mapp33, 883-94 (2011).

358. Casey, K.L. Concepts of pain mechanisms: the contribution of fuattioaging of the
human brain. Prog Brain R&g9, 277-87 (2000).

359. Jones, AK., Kulkarni, B. & Derbyshire, S.W. Functional imaging aifhpperception.
Curr Rheumatol Reg, 329-33 (2002).

360. Chang, L. et al. Brain responses to visceral and somatic stimuli imtgatvih irritable
bowel syndrome with and without fibromyalgia. Am J Gastroent88)11354-61 (2003).

361. Carmichael, S.T. & Price, J.L. Connectional networks within the orhital medial
prefrontal cortex of macaque monkeys. J Comp Ne8ifbl 179-207 (1996).

362. Ongur, D. & Price, J.L. The organization of networks within theital and medial
prefrontal cortex of rats, monkeys and humans. Cereb Ctdte06-19 (2000).

363. Price, D.D. Psychological and neural mechanisms of the affectimendion of pain.
Science288, 1769-72 (2000).

364. Petrovic, P. & Ingvar, M. Imaging cognitive modulation of pain praogs$ain95, 15
(2002).

365.  Villemure, C. & Bushnell, M.C. Cognitive modulation of pain: how do aidenand
emotion influence pain processing? P8 195-9 (2002).

366. Peltz, E. et al. Functional connectivity of the human insular cortexglagrious and
innocuous thermal stimulation. Neuroimagfe 1324-35 (2011).

367. Bender, S., Hellwig, S., Resch, F. & Weisbrod, M. Am | safe? The ventrolatefadrgal
cortex 'detects' when an unpleasant event does not occur. Neur@8n&8§&-85 (2007).

368. Salomons, T.V., Johnstone, T., Backonja, M.M., Shackman, A.Da&idson, R.J.
Individual differences in the effects of perceived controllability on paénception:
critical role of the prefrontal cortex. J Cogn Neurds;i993-1003 (2007).

369. Gondo, M. et al. Daily physical complaints and hippocampal function: Anl fiiRly of
pain modulation by anxiety. Neuroimage (2012).

370. Becerra, L.R. et al. Human brain activation under controlled thermal stimulatidon
habituation to noxious heat: an fMRI study. Magn Reson Migd1044-57 (1999).

371. Derbyshire, S.\W. et al. Pain processing during three levels of rm»§tmulation
produces differential patterns of central activity. PE&8n431-45 (1997).

372. Duncan, G.H. & Albanese, M.C. Is there a role for the parietal lobes in tbepgtien of
pain? Adv NeuroB3, 69-86 (2003).

373.  Xu, X. et al. Functional localization of pain perception in the human bradied by PET.
Neurorepor8, 555-9 (1997).

374. Moriguchi, Y. et al. Empathy and judging other's pain: an fMRI studgleXithymia.
Cereb Corted7, 2223-34 (2007).

375. Benuzzi, F., Lui, F., Duzzi, D., Nichelli, P.F. & Porro, C.A. Does it look fohior
disgusting? Ask your parietal and cingulate cortex. J Neu28s&23-31 (2008).

376. Sawamoto, N. et al. Expectation of pain enhances responses to nongaimditihsensory
stimulation in the anterior cingulate cortex and parietal operculum/posterior insula: an
event-related functional magnetic resonance imaging study. J Nelt@sGi438-%
(2000).

377. Mazzola, L., Faillenot, I., Barral, F.G., Mauguiere, F. & Peyron, R. Spatiedg&tipn of
somato-sensory and pain activations in the human operculo-ircartax. Neuroimage
60, 40918.

378. Kong, J. et al. A functional magnetic resonance imaging study oretlvalrmechanisms
of hyperalgesic nocebo effect. J Neurd®;i13354-62 (2008).

379. Gundel, H. et al. Altered cerebral response to noxious heat stimulatiaiiémtp with
somatoform pain disorder. P&if37, 413-21 (2008).

380. Dunckley, P. et al. Attentional modulation of visceral and somatic pain.
Neurogastroenterol Motill9, 569-77 (2007 ).

231



381. Howard, M.A. et al. Alterations in resting cerebral blood flow demonstriag@ing pain
in osteoarthritis: An arterial spin labelled magnetic resonance imaging stuthyitigw
Rheum (2012).

382. Ploghaus, A. et al. Exacerbation of pain by anxiety is associated withtyadtiva
hippocampal network. J Neurosci RHs 9896-903 (2001).

383.  Strigo, I.A., Simmons, A.N., Matthews, S.C. & Craig, A.D. The relatigndetween
amygdala activation and passive exposure time to an aversive cue durininaotmn
performance task. PLoS OBeel15093 (2010).

384.  Petrovic, P., Carlsson, K., Petersson, K.M., Hansson, P. & IngiaContext-dependent
deactivation of the amygdala during pain. J Cogn Neutk&ci289-301 (2004).

385.  Neugebauer, V., Li, W., Bird, G.C. & Han, J.S. The amygdala andsfes pain.
NeuroscientisilO, 221-34 (2004).

386. van Oudenhove, L. et al. Cortical deactivations during gastric fundus distémdealth:
visceral pain-specific response or attenuation of 'default mode' brain fuh&isli2 150-
PET study. Neurogastroenterol M&il, 259-71 (2009).

387. Tracey, |. et al. Imaging attentional modulation of pain in the periagtedgray in
humans. J Neurosgp, 2748-52 (2002).

388. Erk, S., Abler, B. & Walter, H. Cognitive modulation of emotion anticipatigar J
Neurosci24, 1227-36 (2006).

389. Pessoa, L., McKenna, M., Gutierrez, E. & Ungerleider, L.G. Neural progesgin
emotional faces requires attention. Proc Natl Acad Sci 199§ A1458-63 (2002).

390. Blair, K.S. et al. Modulation of emotion by cognition and cognition by emotio
Neuroimage35, 430-40 (2007).

391. Wiech, K. et al. Modulation of pain processing in hyperalgesia by cognitugaid.
Neuroimage27, 59-69 (2005).

392. Vandenbergh, J. et al. Regional brain activation during proximal stomistemtebn in
humans: A positron emission tomography study. GastroenterdR8y%64-73 (2005).

393. Jensen, K.B. et al. Patients With Fibromyalgia Display Less Functional Cortyelstiv
The Brain's Pain Inhibitory Network. Mol Pa8n32 (2012).

394, Kalisch, R., Wiech, K., Critchley, H.D. & Dolan, R.J. Levels of appraiaamedial
prefrontal role in high-level appraisal of emotional material. Neuroin&yel458-66
(2006).

395.  Simpson, J.R., Jr., Drevets, W.C., Snyder, A.Z., Gusitadl, & Raichle, M.E. Emotion-
induced changes in human medial prefrontal cortex: Il. During anticipatxiety. Proc
Natl Acad Sci U S A8, 688-93 (2001).

396. Fichtenholtz, H.M. et al. Emotion-attention network interactions during a vislddall
task. Brain Res Cogn Brain R28, 67-80 (2004).

397. Mohr, C., Binkofski, F., Erdmann, C., Buchel, C. & HelmchenTKe anterior cingulate
cortex contains distinct areas dissociating external from self-administeredul painf
stimulation: a parametric fMRI study. Pdlfb4, 347-57 (2005).

398. Mobbs, D. et al. When fear is near: threat imminence elicits prefroniagpeductal
gray shifts in humans. Scien8&7, 1079-83 (2007).

399. Hsieh, J.C., Stone-Elander, S. & Ingvar, M. Anticipatory copingaif pxpressed in the
human anterior cingulate cortex: a positron emission tomography. sieirosci Lett
262, 61-4 (1999).

400. Krummenacher, P., Candia, V., Folkers, G., Schedlowski, M. & ScholebadB.
Prefrontal cortex modulates placebo analgesia. P48n368-74 (2010).

401. Elsenbruch, S. et al. Neural mechanisms mediating the effects oftatigredén visceral
placebo analgesia: an fMRI study in healthy placebo responders am$pamiers. Pain
153, 382-90 (2012).

402.  Worthen, S.F., Hobson, A.R., Hall, S.D., Aziz, Q. & Furlong, P.L. Brjnrand secondary
somatosensory cortex responses to anticipation and pain: a magnetoenceghalograp
study. Eur J Neuros@&3, 946-59 (2011).

403. Henderson, L.A., Rubin, T.K. & Macefield, V.G. Within-limb somafatorepresentation
of acute muscle pain in the human contralateral dorsal posterior insulaBtdimmMapp
32, 1592-601 (2010).

232



404.

405.

406.

407.

408.

4009.

410.

411.

412.

413.

414.

415.

416.

417.

418.

419.

420.

421.

422.

423.

424,

425.

426.

427.

Bornhovd, K. et al. Painful stimuli evoke different stimulus-respofigictions in the
amygdala, prefrontal, insula and somatosensory cortex: a single-trial SM&Y. Brain
125, 1326-36 (2002).

Baliki, M., Katz, J., Chialvo, D.R. & Apkarian, A.V. Single subjecaphacological-MRI
(phMRI) study: modulation of brain activity of psoriatic arthritis painchglooxygenase-
2 inhibitor. Mol Paini1, 32 (2005).

Moulton, E.A., Schmahmann, J.D., Becerra, L. & Borsook, @ @érebellum and pain:
passive integrator or active participator? Brain Res@8g%4-27 (2010).

Apkarian, A.V., Bushnell, M.C., Treede, R.D. & Zubieta, J.K. Hurbeain mechanisms
of pain perception and regulation in health and disease. Eur DH8-84 (2005).
Peyron, R., Laurent, B. & Garcia-Larrea, L. Functional imagindprain responses to
pain. A review and meta-analysis (2000). Neurophysiol 8ir263-88 (2000).

Borsook, D., Moulton, E.A., Tully, S., Schmahmann, J.D. &8, L. Human cerebellar
responses to brush and heat stimuli in healthy and neuropathicupgocts. Cerebellum
7,252-72 (2008).

Restuccia, D., Della Marca, G., Valeriani, M., Leggio, M.G. & Molinari, M. Cerebellar
damage impairs detection of somatosensory input changes. A somatgsersnatch-
negativity study. Brairi30, 276-87 (2007).

Casey, K.L., Minoshima, S., Morrow, T.J. & Koeppe, R.A. Cargpn of human
cerebral activation pattern during cutaneous warmth, heat pain, and deepatold
Neurophysiol76, 571-81 (1996).

Ploghaus, A. et al. Learning about pain: the neural substrate pfetition error for
aversive events. Proc Natl Acad Sci U 87A9281-6 (2000).

Helmchen, C., Mohr, C., Erdmann, C., Petersen, D. & Nitschke, Mifferential
cerebellar activation related to perceived pain intensity during noxious themmalegibn
in humans: a functional magnetic resonance imaging study. Neureiscs35, 2026
(2003).

Moulton, E.A. et al. Aversion-related circuitry in the cerebellum: responseexious
heat and unpleasant images. J Neur8scB8795-804 (2011).

Rosenberger, C. et al. Contributions of the Cerebellum to DisturbetlaCProcessing of
Visceral Stimuli in Irritable Bowel Syndrome. Cerebellum (2012).

Yu, C. et al. Functional segregation of the human cingulate cortex is cedfiby
functional connectivity based neuroanatomical parcellation. NeuroiBa @571-81.

Ter Minassian, A. et al. Dissociating Anticipation from perception: Acute painatesiv
default mode network. Hum Brain Mapp.

Kong, J. et al. Exploring the brain in pain: activations, deactivatiodsttaair relation.
Pain148, 257-67 (2010).

Seminowicz, D.A. & Davis, K.D. Interactions of pain intensity andnitbge load: the
brain stays on task. Cereb Corfigk 1412-22 (2007).

Ringel, Y. et al. Effect of abuse history on pain reports aath besponses to aversive
visceral stimulation: an FMRI study. Gastroenterolt8y, 396-404 (2008).

Straube, T., Schmidt, S., Weiss, T., Mentzel, H.J. & Miltner, W.H. Dynamicagictivof
the anterior cingulate cortex during anticipatory anxiety. Neuroirddg@75-81 (2009).
Desmond, J.E. & Glover, G.H. Estimating sample size in functional MRIR(fM
neuroimaging studies: Statistical power analysesirnal of Neuroscience Method$8,
115128 (2002).

Kilpatrick, L.A. et al. The HTR3A polymorphism c. -42C>T is associatéd amygdala
responsiveness in patients with irritable bowel syndrome. Gastroenteld@dl 94351.
Zhou, Q., Fillingim, R.B., Riley, J.L., 3rd, Malarkey, W.B.Verne, G.N. Central and
peripheral hypersensitivity in the irritable bowel syndrome. R48)45461.

Rolke, R. et al. Quantitative sensory testing in the German Research Neiwork
Neuropathic Pain (DFNS): standardized protocol and reference valueslZ3aR81-43
(2006).

Rolke, R. et al. Quantitative sensory testing: a comprehensive pratoadinical trials.
Eur J Painl0, 77-88 (2006).

WHO. (2011).

233



428.

429.

430.

431.

432.

433.

434,

435.

436.

437.

438.

439.

440.

441.

442.

443,

444,

445,

446.

447.

448.

449,

Bouin, M., Meunier, P., Riberdy-Poitras, M. & Poitras, P. Pain hgpsivity in patients
with functional gastrointestinal disorders: a gastrointestinal-specific defextgeneral
systemic condition? Dig Dis Séb, 2542-8 (2001).

Coffin, B., Bouhassira, D., Sabate, J.M., Barbe, L. & Jian, Rerdtion of the spinal
modulation of nociceptive processing in patients with irritable bowelreymel Guts3,
146570 (2004).

Wilder-Smith, C.H. & Yap, J. Abnormal endogenous pain moduladiwh somatic and
visceral hypersensitivity in female patients with irritable bowel syndromerld\eé
Gastroenterol3, 3699-3704 (2007).

Wiech, K. et al. Anterior insula integrates information about salience into peatep
decisions about pain. J Neuro86j 16324-31 (2010).

Uematsu, H., Shibata, M., Miyauchi, S. & Mashimo, T. Brain imagihghechanically
induced muscle versus cutaneous pain. Neurosci(R&s3-84 (2011).

Jones, A.K., Huneke, N.T., Lloyd, D.M., Brown, C.A. & Watson,Rale of Functional
Brain Imaging in Understanding Rheumatic Pain. Curr RheumatolZR42).
Elsenbruch, S. Abdominal pain in Irritable Bowel Syndrome: a revievpuiétive
psychological, neural and neuro-immune mechanisms. Brain Behaun 25, 386-94
(2011).

Strigo, I.A. et al. Altered insula activation during pain anticipation in iddals
recovered from anorexia nervosa: Evidence of interoceptive dysregulatiod. Eat
Disord (2012).

Strigo, I.A., Matthews, S.C. & Simmons, A.N. Right anterior iadwypoactivity durimg
anticipation of homeostatic shifts in major depressive disorder. Psychidsdm?, 316-
23 (2010).

Lovero, K.L., Simmons, A.N., Aron, J.L. & Paulus, M.Pntérior insular cortex
anticipates impending stimulus significance. Neuroimégé®76-83 (2008

Labus, J.S. et al. Sex differences in brain activity during aversivealistenulation and
its expectation in patients with chronic abdominal pain: a network asmaNsuroimage
41, 1032-43 (2008).

Shimo, K. et al. Visualization of painful experiences believed to triggeadtivation of
affective and emotional brain regions in subjects with low back paioSRInes, e26681
(2011).

Brown, R.J., Poliakoff, E. & Kirkman, M.A. Somatoform dissociatiord somatosensory
amplification are differentially associated with attention to the tactile modalitywiolip
exposure to body-related stimuli. J Psychosom@e459-65 (2007).

Quartana, P.J., Campbell, C.M. & Edwards, R.R. Pain catastrophiziniical ceview.
Expert Rev Neurothed, 745-58 (2009).

Brodersen, K.H. et al. Decoding the perception of pain from fMRI usingivariate
pattern analysis. Neuroimage (2012).

Porro, C.A. et al. Does anticipation of pain affect cortical nociceptive systeie@rosci
22, 3206-14 (2002).

Carlsson, K., Petrovic, P., Skare, S., Petersson, K.M. & Ingvaf,jdiling expectations:
neural processing in anticipation of a sensory stimulus. J Cagmobcil2, 691-703
(2000).

Porro, C.A. et al. Does anticipation of pain affect cortical nociceptive systeiMs@rosci
Res22, 3206-14. (2002).

Brown, C.A., Seymour, B., El-Deredy, W. & Jones, A.K. Gaeifce in beliefs about pain
predicts expectancy effects on pain perception and anticipatory processgty anterior
insula. Pairl39, 324-32 (2008).

Koyama, T., McHaffie, J.G., Laurienti, P.J. & Coghill, R.C. The satiye experience of
pain: where expectations become reality. Proc Natl Acad Sci W08,A42950-5 (2005).
Larsson, M.B. et al. Brain responses to visceral stimuli reflect visceraltiggns
thresholds in patients with irritable bowel syndrome. Gastroenterdii®yy463-472 e3
(2012).

Ochsner, K.N., Bunge, S.A., Gross, J.J. & Gabrieli, J.D. Rethinkietinfys: an FMRI
study of the cognitive regulation of emotion. J Cogn Neurb%cl215-29 (2002).

234



450. Simmons, A.N. et al. Anxiety positive subjects show altered processithe anterior
insula during anticipation of negative stimuli. Hum Brain M&@p1836-46 (2011).

451. Lee, H.F. et al. Enhanced affect/cognition-related brain responses duringlvidaeebo
analgesia in irritable bowel syndrome patients. A&8) 1301-10 (2012).

452.  Carlson, J.M., Greenberg, T., Rubin, D. & Mujica-Parodi, L.R. Rgelanxious:
anticipatory amygdalo-insular response predicts the feeling of anxious antitipatio
Cogn Affect Neurosdb, 74-81 (2011).

453. Drabant, E.M. et al. Experiential, autonomic, and neural responses dureat th
anticipation vary as a function of threat intensity and neuroticisurdimages5, 40110
(2011).

454,  Holtz, K., Pane-Farre, C.A., Wendt, J., Lotze, M. & Hamm, A.O. Brdiiivatton during
anticipation of interoceptive threat. Neuroimde 857-65 (2012).

455.  Wise, R.G. et al. The anxiolytic effects of midazolam during anticipati@aito revealed
using fMRI. Magn Reson Imagirgp, 801-10 (2007).

456. Lepine, J.P. & Briley, M. The epidemiology of pain in depression. Regthopharmacol
19 Suppl 1, S3-7 (2004).

457. Bair, M.J., Robinson, R.L., Katon, W. & Kroenke, K. Depressionaid comorbidity: a
literature review. Arch Intern Metb3, 2433-45 (2003).

458.  Sullivan, M.J. & D'Eon, J.L. Relation between catastrophizing andedsgipn in chronic
pain patients. J Abnorm Psycltgd, 260-3 (1990).

459.  Giesecke, T. et al. The relationship between depression, clinical pain, andnexpali
pain in a chronic pain cohort. Arthritis Rhe®2) 1577-84 (2005).

460. Bar, K.J. et al. Increased prefrontal activation during pain perceptimajior depression.
Biol Psychiatry62, 1281-7 (2007).

461.  Strigo, I.A., Simmons, A.N., Matthews, S.C., Craig, A.D. & PaplM.P. Increased
affective bias revealed using experimental graded heat stimuli in yeaymgsded adults:
evidence of "emotional allodynia". Psychosom M 338-44 (2008).

462.  Ziv, M., Tomer, R., Defrin, R. & Hendler, T. Individual sensityvio pain expectancy is
related to differential activation of the hippocampus and amygdala. Hum Regip 31,
326-38(2010).

463. Burgmer, M. et al. Cerebral activation and catastrophizing during paicipation in
patients with fiboromyalgia. Psychosom Mé&8| 751-9 (2011).

464.  Bernstein, C.N. et al. Rectal afferent function in patients with inflammatad functionh
intestinal disorders. PaB6, 151-61 (1996).

465.  Bernstein, C.N. et al. Characterization of afferent mechanisms in ilecarcigso Am J
Gastroenterod2, 103-8 (1997).

466.  Spiller, R.C. Postinfectious irritable bowel syndrome. Gastroenterdl@dy 1662-71
(2003).

467. Chang, L. et al. Perceptual responses in patients with inflammatdryiactional bowel
disease. Gut7, 497-505 (2000).

468.  Spiller, R. & Lam, C. An Update on Post-infectious Irritable Bowel &yme: Role of
Genetics, Immune Activation, Serotonin and Altered Microbiome. J Neurogaserol
Motil 18, 25868.

469.  Spiller, R. Is it diverticular disease or is it irritable bowel syndrome? Dig30i$49
(2012).

470. Henderson, L.A., Gandevia, S.C. & Macefield, V.G. Gender differencbgin activity
evoked by muscle and cutaneous pain: a retrospective study of siagf4R| data.
Neuroimage39, 1867-76 (2008).

471.  Maleki, N. et al. Her versus his migraine: multiple sex differences in braatidanand
structure. Brairl35, 254659.

472. Benson, S. et al. Behavioural and neural correlates of visceral painvignisithealthy
men and women: Does sex matter? Eur J P@iB34958.

473.  Xiao, X. et al. Estrogen in the Anterior Cingulate Cortex Contributesatn-Related
Aversion. Cereb Cortex (2012).

474.  Goffaux, P. et al. Sex differences in perceived pain are affected by ansbxion. Pain
152, 206573.

235



475.

476.

477.

478.

479.

480.

481.

482.

483.

484.

485.

486.

487.

488.

489.

490.

491.

492.

493.

494.

495.

496.

497.

Racine, M. et al. A systematic literature review of 10 years of research /gersger and
pain perception - part 2: do biopsychosocial factors alter pain sensdiffityently in
women and men? Pai®3, 619-35 (2012).

lannetti, G.D. & Wise, R.G. BOLD functional MRI in disease and pharmaiwalog
studies: room for improvement? Magn Reson Imagm@78-88 (2007).

Asghar, M.S. Effects of glyceryl trinitrate and calcitonin gene-related peptid&0d.D
signal and arterial diameter: methodological studies by fMRI and MRA. DanJ\g&d
B4489 (2012).

Farrell, M.J. Age-related changes in the structure and function ofregions involved in
pain processing. Pain Md@® Suppl 2, S37-43 (2012).

Lariviere, M., Goffaux, P., Marchand, S. & Julien, N. Changes in paiception and
descending inhibitory controls start at middle age in healthy adults. Clim28,&06-10
(2007).

Verne, G.N. & Price, D.D. Irritable bowel syndrome as a common precipitargntfal
sensitization. Curr Rheumatol Rép322-8 (2002 ).

Kilpatrick, L.A. et al. The HTR3A polymorphism c. -42C>T is associatéd amygdala
responsiveness in patients with irritable bowel syndrome. Gastroempeddid, 1943-51
(2011).

Dossantos, M.F. et al. Reduced basal ganglia mu-opioid receptor availability mirage
neuropathic pain: A pilot study. Mol Pa8 74 (2012).

Labus, J.S. et al. Acute tryptophan depletion alters the effective connectieityotibnal
arousal circuitry during visceral stimuli in healthy women. 8Yt1196-203 (2011).
Harris, R.E. et al. Decreased central mu-opioid receptor availability in fiaigma. J
Neurosci27, 10000-6 (2007).

Fayed, N. et al. Localized 1H-NMR spectroscopy in patients with fibrornayaky
controlled study of changes in cerebral glutamate/glutamine, inositol, ehalimd N-
acetylaspartate. Arthritis Res Thiz, R134 (2010).

Morgan, V., Pickens, D., Gautam, S., Kessler, R. & Mertz, H. Amitriptylinecesitectal
pain related activation of the anterior cingulate cortex in patients with irritable bowel
syndrome. Gub4, 601-7 (2005).

Aupperle, R.L. et al. Pregabalin influences insula and amygdala activationg
anticipation of emotional images. Neuropsychopharmacd@6g$466-77 (2011).
Simmons, A.N., Arce, E., Lovero, K.L., Stein, M.B. & PaultgP. Subchronic SSRI
administration reduces insula response during affective anticipation in healtimgeers.
Int J Neuropsychopharmacii2, 1009-20 (2009).

Jensen, K.B. et al. Cognitive Behavioral Therapy increases pain-evdkeatiac of the
prefrontal cortex in patients with fiboromyalgia. P4B8, 1495-503 (2012).

Jarcho, J.M. et al. Neural and psychological predictors of treatmennsespoirritable
bowel syndrome patients with a 5-HT(3) receptor antagonist - a piloy. shlichent
Pharmacol Ther (2008).

Humes, D.J. et al. Visceral hypersensitivity in symptomatic diverticular diseaséhe
role of neuropeptides and low grade inflammation. Neurogastroenterol(Rt).
Scarpa, M. et al. Health-related quality of life after colonic resection for diverticular
disease: long-term results. J Gastrointest 38rd.05-12 (2009).

Egger, B., Peter, M., K. & Candinas, D. Persistent symptoms elftetive sigmoid
resection for diverticulitis. Dis Colon Rectush, 1044-8 (2008).

Moreno, A.M. & Wille-Jgrgensen, P. Long-term outcome in 445 patiafter diagnosis
of diverticular disease. Colorectal Ds464-8 (2007).

Koo, V., Strange, J., Lam, C.Y. & Epanomeritakis, M. Young patie4itts diverticular
disease: a preliminary quality of life study. Int J S&rg@44-9 (2007).

Salem, L., Veenstra, D.L., Sullivan, S.D. & Flum, D.R.J. The tinoihglective colectomy
in diverticulitis: a decision analysis. . Am Coll Sufi§9, 904-12 (2004).

Parks, T.G. Natural history of diverticular disease of the colon. Awerfeb21 cases Br
Med J4, 639-642 (1969).

236



498. Verne, G.N., Robinson, M.E., Vase, L. & Price, D.D. Reversal of rasead cutaneous
hyperalgesia by local rectal anesthesia in irritable bowel syndrome (IBS) patients. Pain
105, 223-30 (2003).

499. Ruscheweyh, R. et al. Pain is associated with regional grey matter redn¢tiergeneral
population. Paii52, 904-11 (2011).

500. Gwilym, S.E., Filippini, N., Douaud, G., Carr, A.J. & Tracey, lhalamic atrophy
associated with painful osteoarthritis of the hip is reversible after arthroplasty:
longitudinal voxel-based morphometric study. Arthritis Rh&2n2930-40 (2010).

501. Humes, D., Simpson, J. & Spiller, R.C. Colonic diverticular disease. ®lth (Bnline)
2007 (2007).

502. Humes, D., Smith, J.K. & Spiller, R.C. Colonic diverticular disease. Glid nline)
2011 (2011).

503.  Ornstein, M.H. et al. Are fibre supplements really necessary intidiviar disease of the
colon? A controlled clinical trial. Br Med J (Clin Res E28p, 1353-6 (1981).

504. Hodgson, W.J. The placebo effect. Is it important in diverticular di®eadm J
Gastroenterob7, 157-62 (1977).

505. Smith, J., Humes, D.J. & Spiller, R.C. Should we treat uncomplicated tegrafc
diverticular disease with fibre? BM2, d2951 (2011).

506. Smits, B.J., Whitehead, A.M. & Prescott, P. Lactulose in the treatnfiesythngptomatic
diverticular disease: a comparative study with high-fibre diet. Br J ClictRda 3148
(1990).

507. Papi, C., Ciaco, A., Koch, M. & Capurso, L. Efficacy of rifaximinthe treatment of
symptomatic diverticular disease of the colon. A multicentre double-lgiadebo-
controlled trial. Aliment Pharmacol Th8r 33-9 (1995).

508. Latella, G. et al. Rifaximin improves symptoms of acquired uncomplicatesitidiar
disease of the colon. Int J Colorectal D8 55-62 (2003).

509. Colecchia, A. et al. Efficacy of long term cyclic administration of therlgoabsorbed
antibiotic Rifaximin in symptomatic, uncomplicated colonic diverticular diseaseldW
Gastroenterol3, 264-9 (2007).

510. Greenfield, S.M., Punchard, N.A., Teare, J.P. & Thompson, RefAew article: the mode
of action of the aminosalicylates in inflammatory bowel disease. Alieatmacol Ther
7, 369-83 (1993).

511.  Zhou, S.Y. et al. Intestinal metabolism and transport of 5-aminosalicijabe. Metab
Dispos27, 479-85 (1999).

512 Frieri, G. et al. Mucosal 5-aminosalicylic acid concentration inversely correlates wit
severity of colonic inflammation in patients with ulcerative colitis. &t410-4 (2000).

513.  Kim, Y.H. et al. Inhibition of cell proliferation and invasion in a humaloeaancer cell
line by 5-aminosalicylic acid. Dig Liver Di4l, 328-37 (2009).

514. Luciani, M.G., Campregher, C., Fortune, J.M., Kunkel, T.A. & Gasch&&SA affects
cell cycle progression in colorectal cells by reversibly activating a replicatiokpbiat
Gastroenterolog$32, 221-35 (2007).

515.  Allgayer, H. & Kruis, W. Aminosalicylates: potential antineoplastic actionsadlon
cancer prevention. Scand J Gastroent8rpll2531 (2002).

516. Kaufman, J., Griffiths, T.A., Surette, M.G., Ness, S. & Rioux, Kffedts of mesalamine
(5-aminosalicylic acid) on bacterial gene expression. Inflamm Bowel 1Bjs985-96
(2009).

517.  Swidsinski, A., Loening-Baucke, V., Bengmark, S., Lochs, HDdffel, Y. Azathioprine
and mesalazine-induced effects on the mucosal flora in patients with IB3.dolflamm
Bowel Dis13, 51-6 (2007).

518. Bernstein, C.N., Eaden, J., Steinhart, A.H., Munkholm, P. & Gordh. Cancer
prevention in inflammatory bowel disease and the chemoprophylactic potehtial
aminosalicylic acid. Inflamm Bowel D&, 356-61 (2002).

519. MacGregor, D.J., Kim, Y.S., Sleisenger, M.H. & Johnson, L.K. Cheewantion of
colon cancer carcinogenesis by balsalazide: inhibition of azoxymethdmeeth aberrant
crypt formation in the rat colon and intestinal tumor formation in thévVi26+ mouse. Int
J Oncoll17, 173-9 (2000).

237



520.

521.

522.

523.

524.

525.

526.

527.

528.

529.

530.

531.

532.

533.

534.

535.

536.

537.

538.

539.

Troost, F.J. et al. Identification of the transcriptional response of hur@stinal mucosa
to Lactobacillus plantarum WCFS1 in vivo. BMC Genon@c874 (2008).

van Baarlen, P. et al. Differential NF-kappaB pathways induction by Lactolsacillu
plantarum in the duodenum of healthy humans correlating with immiem@rioe. Proc
Natl Acad Sci U S A06, 2371-6 (2009).

Subramanian, S. et al. Characterization of epithelial IL-8 response to irdtanynbowel
disease mucosal E. coli and its inhibition by mesalamine. Inflamm BoweldDis6275
(2008).

Nikolaus, S., Folscn, U. & Schreiber, S. Immunopharmacology of Sesalicylic acid
and of glucocorticoids in the therapy of inflammatory bowel disease.
Hepatogastroenterologly/, 71-82 (2000).

Parenti, S. et al. Mesalazine inhibits the beta-catenin signalling pathway actinghth
the upregulation of mu-protocadherin gene in colo-rectal cancer cell@miharmacol
Ther 31, 10849.

Egan, L.J. et al. Inhibition of interleukin-1-stimulated NF-kappaB Ré&B/p
phosphorylation by mesalamine is accompanied by decreased transatipiitivity. J
Biol Chem274, 26448-53 (1999).

Bantel, H. et al. Mesalazine inhibits activation of transcription factor NFa&pp
inflamed mucosa of patients with ulcerative colitis. Am J Gastroen®50134527
(2000).

Rousseaux, C. et al. Intestinal antiinflammatory effect of 5-amlioyc acid is
dependent on peroxisome proliferator-activated receptor-gamma. Jded@0l) 1205-15
(2005).

Shah, Y.M., Morimura, K. & Gonzalez, F.J. Expression of peroxisoméfguetor-
activated receptor-gamma in macrophage suppresses experimentally indifisechooJ
Physiol Gastrointest Liver Physig92, G657-66 (2007).

Song, M., Xia, B. & Li, J. Effects of topical treatment of sodiuntytate and 5-
aminosalicylic acid on expression of trefoil factor 3, interleukin 1lksatd,nuclear factor
kappaB in trinitrobenzene sulphonic acid induced colitis in rats. Postged 82, 1305
(2006).

Desreumaux, P. & Ghosh, S. Review article: mode of action and delive® of
aminosalicylic acid - new evidence. Aliment Pharmacol B4eSuppl 1, 2-9 (2006).
Parenti, S. et al. Mesalazine inhibits the beta-catenin signalling pathway actinghth
the upregulation of mu-protocadherin gene in colo-rectal cancer cellemPharmacol
Ther 31, 108-19 (2010).

Schmid, R.M. & Adler, G. NF-kappaB/rel/lkappaB: implications in gastrointaistin
diseases. Gastroenterolot}8, 1208-28 (2000).

Hasko, G., Szabo, C., Nemeth, Z.H. & Deitch, E.A. Sulphasalazine inhibits phage
activation: inhibitory effects on inducible nitric oxide synthase expressitarjdnkin12
production and major histocompatibility complex Il expression. Immugyol®3, 4738
(2001).

Di Paolo, M.C., Merrett, M.N., Crotty, B. & Jewell, D.P. 5-Aminosalicydicd inhibits
the impaired epithelial barrier function induced by gamma interferon. 3gutl159
(1996).

Tursi, A. et al. Effect of mesalazine on epithelial cell proliferation in doldiverticular
disease. Dig Liver Did0, 737-42 (2008).

Stolfi, C., Pellegrini, R., Franze, E., Pallone, F. & Monteleone, G. Molecular Habis o
potential of mesalazine to prevent colorectal cancer. World J GastraeiMer44349
(2008).

Terdiman, J.P. et al. Chemoprevention of colonic polyps with balsalazideploratory,
double-blind, placebo-controlled study. Dig Dis S4j 2488-96 (2009).

Schwab, M. et al. PPARgamma is involved in mesalazine-mediated inductioopbdsip
and inhibition of cell growth in colon cancer cells. Carcinoger2%i4407-14 (2008).
McKenzie, S.M., Doe, W.F. & Buffinton, G.D. 5-aminosalicylic acid prevemtglant
mediated damage of glyceraldehyde-3-phosphate dehydrogenase in dtilelaépells.
Gut44, 180-5 (1999).

238



540.

541.

542.

543.

544.

545.

546.

547.

548.

549.

550.

551.

552.

553.

554.

555.

556.

557.

558.

559.

560.

Allgayer, H. et al. Superoxide inhibition following different stimuli elpiratory burst
and metabolism of aminosalicylates in neutrophils. Dig Di3$ci45-51 (1994).
Monteleone, G. et al. Silencing of SH-PTP2 defines a crucial role in the inactigdtion
epidermal growth factor receptor by 5-aminosalicylic acid in colorceranells. Cell
Death Differ13, 202-11 (2006).

Fina, D. et al. 5-aminosalicylic acid enhances anchorage-independent coloaaci
cell death. Eur J Cancd®, 2609-16 (2006).

Corinaldesi, R. et al. Effect of mesalazine on mucosal immune biomarker#ahler
bowel syndrome: a randomized controlled probtoncept study. Aliment Pharmacol
Ther 30, 24552 (2009).

Stolfi, C. et al. Cyclooxygenase-2-dependent and -independent inhibitjanoldgération
of colon cancer cells by 5-aminosalicylic acid. Biochem Pharnméxd68-76 (2008).
Mahida, Y.R., Lamming, C.E., Gallagher, A., Hawthorne, A.B.Hawkey, C.J. 5-
Aminosalicylic acid is a potent inhibitor of interleukin 1 beta production immulture
of colonic biopsy specimens from patients with inflammatory boveelage. Gus2, 504
(2991).

Rachmilewitz, D., Karmeli, F., Schwartz, L. W. & Simon, P.L. Effectrofrophenols (5-
ASA and 4-ASA) on colonic interleukin-1 generation. G8t929-32 (1992).

Fujiwara, M., Mitsui, K. & Yamamoto, I. Inhibition of proliferative respessand
interleukin 2 productions by salazosulfapyridine and its metabolites] Rharmacd4,
121-31 (1990).

Koelink, P.J. et al. 5-Aminosalicylic acid inhibits TGF-betal signalling in rectal
cancer cells. Cancer L&t87, 82-90 (2009).

Linard, C., Gremy, O. & Benderitter, M. Reduction of peroxisomdifpration-activated
receptor gamma expression by gamma-irradiation as a mechanism contrituting
inflammatory response in rat colon: modulation by the 5-aminosalicylic agdist.J
Pharmacol Exp The324, 911-20 (2008).

Lauritsen, K., Laursen, L.S., Bukhave, K. & Rask-MadsenEflects of topical 5-
aminosalicylic acid and prednisolone on prostaglandin E2 and leukotriénkevBls
determined by equilibrium in vivo dialysis of rectum in relapsing uloegatolitis.
Gastroenterolog91, 837-44 (1986).

Capasso, F., Tavares, I.LA. & Bennett, A. PAF formation by human gdsstnal
mucosa/submucosa in-vitro: release by ricinoleic acid, and inhibition by rieaaticylic
acid. J Pharm Pharmactd, 771-2 (1992).

Deng, X. et al. Mesalamine restores angiogenic balance in experimental ulcerative colitis
by reducing expression of endostatin and angiostatin: novel moleculdranign for
therapeutic action of mesalamine. J Pharmacol Exp 33ir1071-8 (2009).

Liu, X.C., Mei, Q., Xu, J.M. & Hu, J. Balsalazine decreases intestinal mucosal
permeability of dextran sulfate sodium-induced colitis in mice. Acta iRaasl Sin30,
987-93 (2009).

Whittle, B.J. & Varga, C. New light on the anti-colitic actions of #peutic
aminosalicylates: the role of heme oxygenase. Pharmac@ZRég8-56 (2010).

Bruewer, M., Samarin, S. & Nusrat, A. Inflammatory bowel disemsé the apical
junctional complex. Ann N Y Acad S&D72, 242-52 (2006).

Miele, E. et al. Altered intestinal permeability is predictive of early relapse in children
with steroid-responsive ulcerative colitis. Aliment Pharmacol B8e©33-9 (2007).
Barbara, G. Mucosal barrier defects in irritable bowel syndrome. Whaé&ftdor open?
Am J GastroenterdlO1, 1295-8 (2006).

Mullin, J.M., Valenzano, M.C., Verrecchio, J.J. & Kothari, R. Age- alet-related
increase in transepithelial colon permeability of Fischer 344 rats. Dig Di& S2P62-70
(2002).

Hart, A. & Kamm, M.A. Review article: mechanisms of initiation and pegi&tn of gut
inflammation by stress. Aliment Pharmacol Thér 2017-28 (2002).

Andrews, C.N. et al. Mesalazine (5-aminosalicylic acid) alters faecal bactefiEgrout
not mucosal proteolytic activity in diarrhoea-predominant irritable bosyeldrome.
Aliment Pharmacol Thes4, 37483.

239



561.

562.

563.

564.

565.

566.

567.

568.

569.

570.

571.

572.
573.

574.

575.

576.

577.

578.

579.

580.

581.

582.

Tursi, A., Brandimarte, G., Giorgetti, G.M. & Elisei, W. Mesalazine and/or bacitus
casei in preventing recurrence of symptomatic uncomplicated diverticskeais#i of the
colon: a prospective, randomized, open-label study. J Clin Gastroedt®rdl26
(2006).

Tursi, A., Brandimarte, G., Giorgetti, G.M. & Elisei, W. Mesalazine and/or bacitus
casei in maintaining long-term remission of symptomatic uncomplicateertidular
disease of the colon. Hepatogastroenterokig®16-20 (2008).

Tursi, A., Brandimarte, G., Giorgetti, G.M., Elisei, W. & Aiello, F. Balsalazide and/or
high-potency probiotic mixture (VSL#3) in maintaining remission adttack of acute,
uncomplicated diverticulitis of the colon. Int J Colorectal P#s1103-8 (2007).

Tursi, A., Brandimarte, G. & Daffina, R. Long-term treatment witlesalazine and
rifaximin versus rifaximin alone for patients with recurrent attamkacute diverticulitis
of colon. Dig Liver Dis34, 510-5 (2002).

Brandimarte, G. & Tursi, A. Rifaximin plus mesalazine followednhgsalazine alone is
highly effective in obtaining remission of symptomatic uncomplicatecertioular
disease. Med Sci Monli0, P170-3 (2004).

Comparato, G. et al. Prevention of complications and symptomatic recurrences
diverticular disease with mesalazine: a 12-month follow-up. Dig Dis53ci2934-41
(2007).

Tursi, A., Brandimarte, G., Giorgetti, G.M. & Elisei, W. Continuousrsus cyclic
mesalazine therapy for patients affected by recurrent symptomatic uncomplicated
diverticular disease of the colon. Dig Dis Sgj 671-4 (2007).

Gatta, L. et al. Long-term treatment with mesalazine in patients with symfxtom
uncomplicated diverticular disease. Intern Emerg Med (2012).

Di Mario, F. et al. Efficacy of mesalazine in the treatment of symptomatic diviartic
disease. Dig Dis S&0, 581-6 (2005).

Kroenke, K., Spitzer, R.L. & Williams, J.B. The PHQ-15: validity afiewv measure for
evaluating the severity of somatic symptoms. Psychosomale2b8-66 (2002).

Zigmond, A.S. & Snaith, R.P. The hospital anxiety and depressit® $cda Psychiatr
Scand67, 361-70 (1983).

(Applied Biosystems, 2010).

Lu, X. & Bartfai, T. Analyzing the validity of GalR1 and GalR2 antibodiesng
knockout mice. Naunyn Schmiedebergs Arch Pharm@z®141720 (2009).

Hawes, J.J., Brunzell, D.H., Wynick, D., Zachariou, V. & PicciottoRMsalR1, but not
GalR2 or GalR3, levels are regulated by galanin signaling in the locus coeruleighthro
cyclic AMP-dependent mechanism. J Neurocl®&nil168-76 (2005).

Liu, L. et al. Cyclooxygenase-dependent alterations in substance P-mediattedtiiby
and tachykinin NK1 receptor expression in the colonic circular muscle of patights w
slow transit constipation. J Pharmacol Exp TB29, 282-9 (2009).

Frieri, G. et al. Mucosal 5-aminosalicylic acid concentration inversely correlaths wit
severity of colonic inflammation in patients with ulcerative colitis. @t 410-414
(2000).

Lyakhovich, A. & Gasche, C. Systematic review: molecular chemoprevemfon
colorectal malignancy by mesalazine. Aliment Pharmacol 3he?02-9 (2010).

Gatta, L. et al. Efficacy of 5-ASA in the treatment of colonic diverticular desea Clin
Gastroenterof4, 113-9 (2010).

Gross, K.J. & Pothoulakis, C. Role of neuropeptides in inflammdbormel disease.
Inflamm Bowel Dis13, 918-32 (2007).

Holzer, P. & Holzer-Petsche, U. Tachykinin receptors in the gut: pgbg#al and
pathological implications. Curr Opin Pharmatpb83-90 (2001).

Tillisch, K. et al. Neurokinin-1-receptor antagonism decreases anxietyeatonal
arousal circuit response to noxious visceral distension in women wiitblie bowel
syndrome: a pilot study. Aliment Pharmacol TB8y 360-7 (2012).

Avemary, J. & Diener, M. Effects of bradykinin B2 receptor station at submucosal
ganglia from rat distal colon. Eur J Pharmag@2it, 295-303 (2010).

240



583.

584.

585.

586.

587.

588.

589.

590.

591.

592.

593.

594.

595.

596.

597.

598.

599.

600.

601.

602.

603.

604.

605.

Hara, D.B., Fernandes, E.S., Campos, M.M. & Calixto, J.B. Pharmacologichl
biochemical characterization of bradykinin B2 receptors in the mouse colluenoé of
the TNBS-induced colitis. Regul Peptl, 25-34 (2007).

Shin, H.S. & Ha, U.H. Up-regulation of bradykinin B2 receptor by Psmhas
aeruginosa via the NF-kappaB pathway. Curr Microb81138-44 (2011).

Lee, C.H. et al. Bradykinin-induced IL-6 expression throughdykinin B2 receptor,
phospholipase C, protein kinase Cdelta and NF-kappaB pathway in hsynanial
fibroblasts. Mol Immuno#5, 3693-702 (2008).

Nurmi, L., Heikkila, H.M., Vapaatalo, H., Kovanen, P.T. & Lindstedt, K.A.
Downregulation of Bradykinin type 2 receptor expression in cardiac ezlidtlcells
during senescence. J Vasc R8s13-23 (2012).

Baan, B. et al. 5-aminosalicylic acid inhibits cell cycle progression imoapgholipase D
dependent manner in colorectal cancer. Gut (2011).

Holzer, P. Transient receptor potential (TRP) channels as drug targdisefases of the
digestive system. Pharmacol TH&1, 142-70 (2011).

Holzer, P. TRP channels in the digestive system. Curr Pharm BiotetBn@4-34
(2011).

Akbar, A. et al. Expression of the TRPV1 receptor differs in quigsicélammatory
bowel disease with or without abdominal pain. 6t767-74 (2010).

Akbar, A. et al. Increased capsaicin receptor TRPV1-expressing seitgesyifi irritable
bowel syndrome and their correlation with abdominal pain.5&u$23-9 (2008).

Chan, C.L. et al. Sensory fibres expressing capsaicin receptor TRPpMtients with
rectal hypersensitivity and faecal urgency. Largédt 385-91 (2003).

Christianson, J.A., Bielefeldt, K., Malin, S.A. & Davis, B.M. Neonatal cdtmult alters
growth factor expression and TRPAL responses in adult mice 1BBi640-9 (2010).
Boesmans, W., Owsianik, G., Tack, J., Voets, T. & Vanden BerghERP channels in
neurogastroenterology: opportunities for therapeutic intervention. Br dnfabal 162,
18-37 (2011).

Chen, Y., Yang, C. & Wang, Z.J. Proteinase-activated receptor Zizengransient
receptor potential vanilloid 1, transient receptor potential vanilloid 4, and transient
receptor potential ankyrin 1 in paclitaxel-induced neuropathic pain. Neurosciés,
44051 (2011).

Kawabata, A., Matsunami, M. & Sekiguchi, F. Gastrointestinal roles for proteinase-
activated receptors in health and disease. Br J PhariB&8lppl 1, S230-40 (2008).
Qin, H.Y. et al. Visceral hypersensitivity induced by activation ofsieart receptor
potential vanilloid type 1 is mediated through the serotonin pathway in lmat. déur J
Pharmacob47, 75-83 (2010).

Izzo, A.A. & Sharkey, K.A. Cannabinoids and the gut: new dewveénts and emerging
concepts. Pharmacol Th&e6, 21-38 (2010).

Marquez, L. et al. Ulcerative colitis induces changes on the expresdiothe
endocannabinoid system in the human colonic tissue. PLog,@6893 (2009).

Camilleri, M. et al. Genetic variation in endocannabinoid metabolism, gastraiatesti
motility, and sensation. Am J Physiol Gastrointest Liver Phy§ié] G13-9 (2008).

Wong, B.S. et al. Randomized pharmacodynamic and pharmacogenetic trahatbidol
effects on colon transit in irritable bowel syndrome-diarrhea. Neuragadérol Motil
(2012).

Wong, B.S. et al. Pharmacogenetic trial of a cannabinoid agonist shavegdef@sting
colonic motility in patients with nonconstipated irritable bowel syndrome.
Gastroenterolog$41, 1638-47 el-7 (2011).

D'Argenio, G. et al. Up-regulation of anandamide levels as an endagemaanism and
a pharmacological strategy to limit colon inflammation. FASE®,J568-70 (2006).
Keshavarzian, A., Mutlu, E., Guzman, J.P., Forsyth, C. & BanaRhAsphodiesterase 4
inhibitors and inflammatory bowel disease: emerging therapies in inflammiadavel
disease. Expert Opin Investig Drutf$ 1489-506 (2007).

Costedio, M.M. et al. Serotonin signaling in diverticular disedsgastrointest Surd?2,
143945 (2008).

241



606.

607.

608.
609.

610.

611.

612.

613.

614.

615.

616.

617.

618.

619.

620.

621.

622.

623.

624.

625.

626.

Spiller, R.C. Targeting the 5-HT(3) receptor in the treatment of irritadoeel syndrome.
Curr Opin Pharmacdll, 68-74 (2011).

Foley, S. et al. Impaired uptake of serotonin by platelets from patiethtéritable bowel
syndrome correlates with duodenal immune activation. Gastroenteris6g$434-43 el
(2011).

Spiller, R. Serotonin and Gl clinical disorders. Neuropharmacdbgy072-80 (2008).
Ancha, H.R., Kurella, R.R., McKimmey, C.C., Lightfoot, S. & Ha/F. Effects of N-
acetylcysteine plus mesalamine on prostaglandin synthesis and nitcgeaération in
TNBS-induced colitis in rats. Dig Dis S&4, 758-66 (2009).

Oketani, K., Nagakura, N., Harada, K. & Inoue, T. In vitro effects dd4B3 a dual
inhibitor of 5-lipoxygenase and thromboxane A(2) synthetasejomsanoid production.
Eur J Pharmacal22, 209-16 (2001).

Tornhamre, S., Edenius, C., Smedegard, G., Sjoquist, B. & landgrA. Effects of
sulfasalazine and a sulfasalazine analogue on the formation of lipoxygendse an
cyclooxygenase products. Eur J Pharmdéd| 225-34 (1989).

Allgayer, H. & Stenson, W.F. A comparison of effects of sulfasalaandeits metabolites
on the metabolism of endogenous vs. exogenous arachidonic agidndpharmacology
15, 39-46 (1988).

Schmidt, C., Fels, T., Baumeister, B. & Vetter, H. The effect of 5-asaiitylate and
para-aminosalicylate on the synthesis of prostaglandin E2 andrienkoB4 in isolated
colonic mucosal cells. Curr Med Res OgB) 417-25 (1996).

Clerici, C. et al. 5-ASA-glutamate protects rats from inflammatory bowel @isedsaced
by intracolonic administration of trinitrobenzensulfonic acid. Ital J GasteoelhHepatol
30, 385-90 (1998).

Tursi, A. et al. Musosal tumour necrosis factor-alpha in diverticlidmase of the colon is
overexpressed with disease severity. Colorectal Dis (2011).

Joo, K. et al. An anti-inflammatory mechanism of taurine conjugatachiBosalicylic
acid against experimental colitis: taurine chloramine potentiates inhibitory effégt of
aminosalicylic acid on IL-1beta-mediated NFkappaB activation. Eur J Pharm@ag,ol
91-7 (2009).

Kim, H. et al. A molecular mechanism for the anti-inflammatory effectapfrine-
conjugated 5-aminosalicylic acid in inflamed colon. Mol Pharmégp1405-12 (2006).
Dobis, D.R. et al. Sulfasalazine and mesalamine modulate beryllium-spegifibdgyte
proliferation and inflammatory cytokine productighm J Respir Cell Mol Bio#3, 458-64
(2010).

Minghetti, P.P. & Blackburn, W.D., Jr. Effects of sulfasalazine and @talpolites on
steady state messenger RNA concentrations for inflammatory cytokines,x matri
metalloproteinases, and tissue inhibitors of metalloproteinase in rheumatoid synovial
fibroblasts. J Rheumat@l7, 653-60 (2000).

Kaiser, G.C., Yan, F. & Polk, D.B. Mesalamine blocks tumor necr@sisorf growth
inhibition and nuclear factor kappaB activation in mouse colonocytes. Gastrdegyero
116, 602-9 (1999).

Koelink, P.J. et al. 5-Aminosalicylic acid inhibits TGF-betal signalling in rectal
cancer cells. Cancer Let87, 82-90 (2010).

Bruin, K.F. et al. Modulation of cytokine release from human monocytesuns used in
the therapy of inflammatory bowel diseases. Eur J Gastroenterol H&p@&dl-5 (1995).
Rodriguez-Fandino, O., Hernandez-Ruiz, J. & Schmulson, M. Freéokings to toll-like
receptors and beyond - current knowledge and future research needsbie bowel
syndrome. J Neurogastroenterol Md#, 363-73 (2010).

D'Inca, R. et al. Rectal administration of Lactobacillus casei DG modifies flora
composition and Toll-like receptor expression in colonic mucosa of patietitsmiid
ulcerative colitis. Dig Dis S&%6, 1178-87 (2011).

Siddique, I. & Khan, I. Mechanism of regulation of Na-H exchangeinflammatory
bowel disease: role of TLR-4 signaling mechanism. Dig Di$&cl1656-62 (2011).
Rogler, G. Interaction between susceptibility and environment: examples the
digestive tract. Dig Di®9, 136-43 (2011).

242



627.

628.

629.

630.

631.

632.

633.

634.

635.

636.

637.

638.

639.

640.

641.

642.

643.

644.

645.

646.

647.

648.

649.

Yazdanyar, S. & Nordestgaard, B.G. NOD2/CARD15 genotype and common
gastrointestinal diseases in 43,600 individuals. J Intexd2d7, 228-36 (2010).

Werts, C., Rubino, S., Ling, A., Girardin, S.E. & Philpott, D.J. Nikd receptors in
intestinal homeostasis, inflammation, and cancer. J Leuko®®idl71-82 (2011).

Piche, T. et al. Impaired intestinal barrier integrity in the colon of patieitisintable
bowel syndrome: involvement of soluble mediators. &8,196-201 (2009).
Bertiaux-Vandaele, N. et al. The expression and the cellular distribution dfgtite
junction proteins are altered in irritable bowel syndrome patients with diffesen
according to the disease subtype. Am J Gastroert@6pP165-73 (2011).

Gecse, K. et al. Leaky gut in patients with diarrhea-predominant irritable bgwadrbsne
and inactive ulcerative colitis. Digesti@b, 40-6 (2012).

Gecse, K. et al. Increased faecal serine protease activity in diarrhoeic IBSspatien
colonic lumenal factor impairing colonic permeability and sensitivityt &4 5919
(2008).

Rescigno, M. The intestinal epithelial barrier in the control of homeostagisranunity.
Trends ImmunoB2, 256-64 (2011).

Keita, A.V. & Soderholm, J.D. The intestinal barrier and its regulationelyaimmune
factors. Neurogastroenterol Mog2, 718-33 (2010).

Goldblum, S.E. et al. The active Zot domain (aa 288-293) increasdsaf@-myosin 1C
serine/threonine phosphorylation, alters interaction between ZO-1 dnddisg partners,
and induces tight junction disassembly through proteinase activatedore2eativation.
FASEB J25, 144-58 (2011).

Das, P. et al. Comparative tight junction protein expressions in colonia'€mdisease,
ulcerative colitis, and tuberculosis: a new perspective. Virchows Ard?2j20

Amasheh, S. et al. Claudin-2 expression induces cation-selective channegtin ti
junctions of epithelial cells. J Cell St15, 4969-76 (2002).

Furuse, M., Furuse, K., Sasaki, H. & Tsukita, S. Conversion of zonathedentes from
tight to leaky strand type by introducing claudin-2 into Madin-Darlmyreakidney | cells.

J Cell Biol153, 263-72 (2001).

Suzuki, T., Yoshinaga, N. & Tanabe, S. Interleukin-6 (IL-6) regulatiesidin2
expression and tight junction permeability in intestinal epitheliunBio) Chem 286,
31263-71 (2011).

Amasheh, M. et al. TNFalpha-induced and berberine-antagonized tight jubeticer
impairment via tyrosine kinase, Akt and NFkappaB signaling. J CellZ3;i 4145-55
(2010).

Schulzke, J.D. et al. Epithelial tight junctions in intestinal inflammation.MymAcad Sci
1165, 294-300 (2009).

Zeissig, S. et al. Changes in expression and distribution of claudira@d B lead to
discontinuous tight junctions and barrier dysfunction in active Cralis&ase. Gub6,
61-72 (2007).

Hayashi, Y., Aoyagi, K., Morita, |., Yamamoto, C. & Sakisaka, S. Oral adtration of
mesalazine protects against mucosal injury and permeation in dextran sulfata-sod
induced colitis in rats. Scand J Gastroentddpl1l323-31 (2009).

Mima, S. et al. NSAIDs suppress the expression of claudin-2 to promote measiaty
of cancer cells. Carcinogeneg8 1994-2000 (2008).

Corazziari, E.S. Intestinal mucus barrier in normal and inflamed coloRedlatr
Gastroenterol Nutd8 Suppl 2, S54-5 (2009).

Aksoy, N. & Akinci, O.F. Mucin macromolecules in normal, adenomatous, an
carcinomatous colon: evidence for the neotransformation. Macromol Blpst8396
(2004).

Nishida, A. et al. The Membrane-Bound Mucin Mucl Regulates T HelpeCell7-
Responses and Colitis in Mice. Gastroenterology (2011).

McAuley, J.L. et al. MUC1 cell surface mucin is a critical element of theosal barrier
to infection. J Clin Invest17, 2313-24 (2007).

van Roon, A.H. et al. Impact of gastro-esophageal reflux on mucMAXpression in
the esophageal mucosa. J Gastrointest $2yr§331-40 (2008).

243



650.

651.

652.

653.

654.

655.

656.

657.

658.

659.

660.

661.

662.

663.

664.

665.

666.

667.

668.

669.

670.

671.

Altadill, A. et al. Comparative analysis of the expression of metallepses and their
inhibitors in resected crohn's disease and complicated diverticular disease. |Bftavam
Dis 18, 120-30 (2012).

Chen, Y. et al. Therapeutic effects of rectal administration of muscovitgpanimental
colitis in rats. J Gastroenterol Hepa®d| 912-9 (2009).

Caballero-Franco, C., Keller, K., De Simone, C. & Chadee, K. The VSLé8Bighic
formula induces mucin gene expression and secretion in colonic epithelgal ArllJ
Physiol Gastrointest Liver Physigd2, G315-22 (2007).

Andrews, C.N. et al. Mesalazine (5-aminosalicylic acid) alters faecal bactefiEdgrout
not mucosal proteolytic activity in diarrhoea-predominant irritable bosyeidrome.
Aliment Pharmacol Thed4, 374-83 (2011).

Yao, M., Lam, E.C., Kelly, C.R., Zhou, W. & Wolfe, M.M. Cyolxygenase-2 selective
inhibition with NS-398 suppresses proliferation and invasiveness and diNays
metastasis in colorectal cancer. Br J Ca®€er712-9 (2004).

Gan, X., Wong, B., Wright, S.D. & Cai, T.Q. Production of matrix metatitginase-9 in
CaCQO2 cells in response to inflammatory stimuli. J Interferon Cytokine Re93-8
(2001).

Gao, Q. et al. Infliximab treatment influences the serological expressiamatix
metalloproteinase (MMP)-2 and -9 in Crohn's disease. Inflamm Bowel3i§93-702
(2007).

Yu, M.K. et al. Anti-inflammatory effect of peroxisome proliferator activatedeptor
gamma on human dental pulp cells. J En8®db24-8 (2009).

Mori, N., Horie, Y., Gerritsen, M.E., Anderson, D.C. & Granger, D.N. Amlammatory
drugs and endothelial cell adhesion molecule expression in murine vadsedéarGut4,
186-95 (1999).

Oshima, T. et al. Glucocorticoids and IL-10, but not 6-MP, 5-ASAutiasalazine block
endothelial expression of MAdCAM-1: implications for inflammatory bowel disea
therapy. Aliment Pharmacol Théb, 1211-8 (2001).

Yoshimura, T. & Oppenheim, J.J. Chemokine-like receptor 1 (CRI§ and chemokine
(C-C motif) receptor-like 2 (CCRL2); two multifunctional receptorsthwunusual
propertiesExp Cell Res317, 674-84 (2011).

Bondue, B., Wittamer, V. & Parmentier, M. Chemerin and its receptotsukocyte
trafficking, inflammation and metabolism. Cytokine Growth Factor Z2:831-8 (2011).
Quinn, B.A. et al. Targeting Mcl-1 for the therapy of can&apert Opin Investig Drugs
20, 1397-411 (2011).

Doering, J. et al. Induction of T lymphocyte apoptosis by sulphasalazipatients with
Crohn's disease. G&8, 1632-8 (2004).

Zhao, J.H. et al. The expression of protease-activated receptor 2iarntietcolon of
irritable bowel syndrome patients. Dig Dis S 58-64 (2012).

Auge, C., Balz-Hara, D., Steinhoff, M., Vergnolle, N. & Cenac, N. ProtaeSeated
receptor-4 (PAR 4): a role as inhibitor of visceral pain and hypersetysiti
Neurogastroenterol Moti21, 1189-e107 (2009).

Bradesi, S. PAR4: a new role in the modulation of visceral nociception.
Neurogastroenterol Motfl1, 1129-32 (2009).

Han, W., Wang, Z., Lu, X. & Guo, C. Protease activated receptor 4 sfatusst cells in
post infectious irritable bowel syndrome. Neurogastroenterol Motil (2011).
Ibeakanma, C. et al. Brain-gut interactions increase peripheral nocicejgtairgj in
mice with postinfectious irritable bowel syndrome. Gastroenteroldgdy 2098-2108 e5
(2011).

Chawla, A. et al. PPAR-gamma dependent and independent effectacompirage-gene
expression in lipid metabolism and inflammation. Nat Med8-52 (2001).

Adachi, M. et al. Peroxisome proliferator activated receptor gamma in coldtheligh
cells protects against experimental inflammatory bowel diseas&5G1it 04-13 (2006).
Wahli, W. A gut feeling of the PXR, PPAR and NF-kappaB connecilidntern Med263,
6139 (2008).

244



672.

673.

674.

675.

676.

677.

678.

679.

680.

681.

682.

683.

684.

685.

686.

687.

688.

689.

690.

691.

692.

Hamilton, K.E., Simmons, J.G., Ding, S., Van Landeghem, L. &d UK. Cytokine
induction of tumor necrosis factor receptor 2 is mediated by STAT8lon cancer cells.
Mol Cancer Re®, 1718-31 (2011).

O'Malley, D., Liston, M., Hyland, N.P., Dinan, T.G. & CryanF.JColonic soluble
mediators from the maternal separation model of irritable bowel syndrometactiv
submucosal neurons via an interleukin-6-dependent mechanism. ARhyiol
Gastrointest Liver Physi@00, G241-52 (2011).

Mencarelli, A. et al. Probiotics modulate intestinal expression of nuclear reaamtor
provide counter-regulatory signals to inflammation-driven adipose tisswatamti PLoS
One6, 22978 (2011).

Tachibana, M. et al. Activation of peroxisome proliferator-activated recegtome
suppresses mast cell maturation involved in allergic diseases. Ali&rg36-47 (2008).
Maeyama, K., Emi, M. & Tachibana, M. Nuclear receptors as targets for drug
development: peroxisome proliferator-activated receptor gamma in mast celéestén
proliferation and differentiation. J Pharmacol $¢j 190-4 (2005).

Cremon, C. et al. Mucosal immune activation in irritable bowel syndrayeader-
dependence and association with digestive symptoms. Am J Gastrod@erdb2-400
(20009).

Bissonnette, E.Y., Enciso, J.A. & Befus, A.D. Inhibitory effectsulfasalazine and its
metabolites on histamine release and TNF-alpha production by mast ¢elisudol 156,
21823 (1996).

Fox, C.C., Moore, W.C. & Lichtenstein, L.M. Modulation of mediatetease from
human intestinal mast cells by sulfasalazine and 5-aminosalicytic Riy Dis Sci 36,
17984 (1991).

Nandi, J., Saud, B., Zinkievich, J.M., Palma, D.T. & Levine, RRAaminosalicylic acid
improves indomethacin-induced enteropathy by inhibiting iINOS transcripticats. Dig
Dis Sci53, 123-32 (2008).

Kennedy, M., Wilson, L., Szabo, C. & Salzman, A.L. 5-aminosali@did inhibits INOS
transcription in human intestinal epithelial cells. Int J Mol Med37-43 (1999).
Krzystek-Korpacka, M. et al. Impaired erythrocyte antioxidant defense fiveac
inflammatory bowel disease: impact of anemia and treatment. InflaowelEDis 16,
146775.

Valentine, J.F. Mesalamine induces manganese superoxide dismutase in raglintestin
epithelial cell lines and in vivo. Am J Physiol Gastrointest Liver Phy8t| G1044-50
(2001).

Ichikawa, H. et al. Tetomilast suppressed production of proinflammeaytokines from
human monocytes and ameliorated chronic colitis idOtdeficient mice. Inflamm Bowel
Dis 14, 1483-90 (2008).

Videla, S. et al. Selective inhibition of phosphodiesterase-4 ameliorates chronic cdlitis an
prevents intestinal fibrosis. J Pharmacol Exp T3, 940-5 (2006).

Page, C.P. & Spina, D. Phosphodiesterase inhibitors in the treatmeritaacfmatory
diseases. Handb Exp Pharmacol, 391-414 (2011).

Lee, C.H. Resolvins as new fascinating drug candidates for inflamnditmases. Arch
Pharm Re85, 3-7 (2012).

Dufton, N. & Perretti, M. Therapeutic anti-inflammatory potential of forpgptide
receptor agonists. Pharmacol THew7, 17588.

Prescott, D. & McKay, D.M. Aspirin-triggered lipoxin enhances macrophage
phagocytosis of bacteria while inhibiting inflammatory cytokine producthomJ Physiol
Gastrointest Liver Physid@01, G487-97.

Koelink, P.J. et al. 5-aminosalicylic acid interferes in the cell cycle ofectia cancer
cells and induces cell death modes. Inflamm BowellBjs379-89.

Costa, F. et al. Role of faecal calprotectin as non-invasive marker of intestinal
inflammation. Dig Liver Dis35, 642-7 (2003).

Tibble, J. et al. A simple method for assessing intestinal inflammati@ndhn's disease.
Gut47, 506-13 (2000).

245



693.

694.

695.

696.

697.

698.

699.

700.

701.

702.

703.

704.

705.

706.

707.

708.

7009.

710.

711.

712.

713.

714.

715.

Roseth, A.G., Aadland, E., Jahnsen, J. & Raknerud, N. Assesefrdisease activity in
ulcerative colitis by faecal calprotectin, a novel granulocyte marker protein. Diy&8ti
17680 (1997).

Costa, F. et al. Calprotectin is a stronger predictive marker of relapse in ulcerétise co
than in Crohn's disease. Gadt, 364-8 (2005).

Pezzilli, R. et al. Fecal calprotectin levels in patients with colonic polyposis. DigcDis S
53, 47-51 (2008).

D'Haens, G. et al. Fecal calprotectin is a surrogate marker for endoscopic lasions
inflammatory bowel disease. Inflamm Bowel Dis (2012).

Judd, T.A., Day, A.S., Lemberg, D.A., Turner, D. & LeaSHl. Update of fecal markers
of inflammation in inflammatory bowel disease. J Gastroenterol He2&toll4939
(2012).

Tursi, A. et al. Faecal calprotectin in colonic diverticular diseaseseccetrol study. Int
J Colorectal Di®4, 49-55 (2009).

Hod, K. et al. Assessment of high-sensitivity CRP as a markeicnb-inflammation in
irritable bowel syndrome. Neurogastroenterol M28) 1105-10 (2012).

van Denderen, J.C., van der WeBruinsma, |., Bezemer, P.D. & Dijkmans, B.A.
Efficacy and safety of mesalazine (Salofalk) in an open study opa&i@nts with
ankylosing spondylitis. J Rheumati), 1558-60 (2003).

Schoepfer, A.M. et al. Fecal calprotectin correlates more closely with the Simple
Endoscopic Score for Crohn's disease (SES-CD) than CRP, blood lmsoagd the
CDAI. Am J Gastroenterdl05, 162-9 (2010).

Nielsen, O.H., Bukhave, K., Elmgreen, J. & Ahnfelt-Ronne, Ihidition of 5-
lipoxygenase pathway of arachidonic acid metabolism in human neusropkil
sulfasalazine and 5-aminosalicylic acid. Dig Dis &;i577-82 (1987).

Stenson, W.F. & Lobos, E. Sulfasalazine inhibits the synthesis of thetindipids by
neutrophils. J Clin Inve$i9, 494-7 (1982).

Stenson, W.F. & Lobos, E. Inhibition of platelet thromboxane ®fatie by sulfasalazine.
Biochem Pharmacd@?2, 2205-9 (1983).

Horn, H., Preclik, G., Stange, E.F. & Ditschuneit, H. Modulation of arachidon& aci
metabolism by olsalazine and other aminosalicylates in leukocytes. ScantdeGizsol
26, 867-79 (1991).

Dorofeyev, A.E., Kiriyan, E.A., Vasilenko, 1.V., Rassokhina, OfElin, A.F. Clinical,
endoscopical and morphological efficacy of mesalazine in patients with irrtbalalel
syndrome. Clin Exp Gastroenteré| 141-53 (2011).

Hanevik, K., Dizdar, V., Langeland, N., Eide, G.E. & Hausken, T. Tolé@saand effect
of mesalazine in postinfectious irritable bowel syndrome. Aliment Pharnien| 34,
25960 (2011).

Loftus, E.V., Jr., Kane, S.V. & Bjorkman, D. Systematic revieworisterm adverse
effects of 5-aminosalicylic acid agents in the treatment of ulcerative cdlitisent
Pharmacol Thel9, 179-89 (2004).

Zhou, Q. & Verne, G.N. New insights into visceral hypersensitidlipical implications
in IBS. Nat Rev Gastroenterol Hepa&I349-55 (2012).

Barbara, G. et al. Mechanisms underlying visceral hypersensitivifyritable bowel
syndrome. Curr Gastroenterol RE 308-15 (2011).

Thoua, N.M. et al. Amitriptyline modifies the visceral hypersensitivity sasp to acute
stress in the irritable bowel syndrome. Aliment Pharmacol Z8gb52-60 (2009).

Bahar, R.J., Collins, B.S., Steinmetz, B. & Ament, M.E. Double-bliadgbo-controlled
trial of amitriptyline for the treatment of irritable bowel syndrome inlest®ents.J
Pediatrl52, 685-9 (2008).

Annahazi, A. et al. Fecal proteases from diarrheic-IBS and ulcerative colitis pakerits
opposite effect on visceral sensitivity in mice. P4, 209-17 (2009).

Vong, L. et al. Up-regulation of Annexin-Al and lipoxin A(4) in ividuals with
ulcerative colitis may promote mucosal homeostasis. PLoS (#9244 (2012).
Belmonte, L. et al. Role of toll like receptors in irritable bowel syn@rodifferential
mucosal immune activation according to the disease subtype. PLo% &/ 77 (2012).

246



716. Ohman, L. et al. Increased TLR2 expression on blood monocytes inlérivabvel
syndrome patients. Eur J Gastroenterol Hep2dpB98-405 (2012).

717. Barbara, G. et al. Mucosal permeability and immune activation as potential therapeuti
targets of probiotics in irritable bowel syndrome. J Clin Gastroent &uppl, S525
(2012).

718. Overman, E.L., Rivier, J.E. & Moeser, A.J. CRF induces intdsipithelial barrier injury
via the release of mast cell proteases and TNF-alpha. PLo% ®88935 (2012).

719. Marciani, L. et al. Postprandial changes in small bowel water content in healijacts
and patients with irritable bowel syndrome. Gastroenterdl88y469-77, 477 el (2010).

720.  Strate, L.L., Liu, Y.L., Aldoori, W.H., Syngal, S. & Giovannucci, E@besity increases
the risks of diverticulitis and diverticular bleeding. Gastroenteroligfy 115-122 el
(2009).

721.  Strate, L.L. Lifestyle factors and the course of diverticular disease DBi@0, 3545
(2012).

722. Hjern, F., Wolk, A. & Hakansson, N. Obesity, physical inactivity, edldnic diverticular
disease requiring hospitalization in women: a prospective cohort stAay. J
Gastroenterol07, 296-302 (2012).

723. Yoo, J., Chung, C., Slice, L., Sinnett-Smith, J. & RozendurProtein kinase D mediates
synergistic expression of COX-2 induced by TNF-{alpha} and bradlykin human
colonic myofibroblasts. Am J Physiol Cell Physi8i7, C1576-87 (2009).

724. Kawabata, A. et al. Colonic hyperalgesia triggered by proteinase-activated retéptor
mice: involvement of endogenous bradykinin. Neurosci4@ 167-72 (2006).

725. Yagi, Y. et al. Interleukin-31 stimulates production of inflammatory mediafom
human colonic subepithelial myofibroblasts. Int 3 Mol M&8d941-6 (2007).

726.  Manousou, P. et al. Increased expression of chemokine receptor @&@@R3 ligands in
ulcerative colitis: the role of colonic epithelial cells in in vitro studies. Clip Exmunol
162, 337-47 (2010).

727.  Volin, M.V., Campbell, P.L., Connors, M.A., Woodruff, D.C.Koch, A.E. The effect of
sulfasalazine on rheumatoid arthritic synovial tissue chemokine produdiqn.Mol
Pathol73, 84-92 (2002).

728.  Arita, M. et al. Resolvin E1 selectively interacts with leukotriene B4 receptod Bod
ChemR23 to regulate inflammation. J Immuhd8, 3912-7 (2007).

729.  Kikuchi, A., Ohashi, K., Sugie, Y., Sugimoto, H. & Omura, H. Phagotogical
evaluation of a novel cannabinoid 2 (CB2) ligand, PF-03550094trm and in vivo by
using a rat model of visceral hypersensitivity. J Pharmacdl(6¢i219-24 (2008).

730.  Farquhar-Smith, W.P., Jaggar, S.l. & Rice, A.S. Attenuation of ngreeith factor-
induced visceral hyperalgesia via cannabinoid CB(1) and CB(2)-liketogseain97,
11-21 (2002).

731. Rice, A.S., Farquhar-Smith, W.P. & Nagy, |. Endocannabinoids paial spinal and
peripheral analgesia in inflammation and neuropathy. Prostaglandinst IEesgent Fatty
Acids 66, 243-56 (2002).

732.  Fukudo, S. Role of corticotropin-releasing hormone in irritable bowelreymal and
intestinal inflammation. J Gastroented@ Suppl 17, 48-51 (2007).

733.  Zeldin, D.C. et al. CYP2J subfamily cytochrome P450s in the gastramatestact:
expression, localization, and potential functional significance. Mol PharrbacéB1-43
(1997).

734. Grant, A.D. et al. Protease-activated receptor 2 sensitizes the transient receptor potential
vanilloid 4 ion channel to cause mechanical hyperalgesia in mice. J P5g§gjid115-33
(2007).

735. Brandenburg, L.O. et al. Involvement of Phospholipase D 1 aimd tBe subcellular
localization and activity of formyl-peptide-receptors in the humannioleell line HT29.
Mol Membr Biol 26, 371-83 (2009).

736.  Gewirtz, A.T., Neish, A.S. & Madara, J.L. Mechanisms of active intestinanimiation
and potential down-regulation via lipoxins. Adv Exp Med Bi07, 229-36 (2002).

247



737.

738.

739.

740.

741.

742.

743.

744.

745.

746.

747.

748.

749.

750.

751.

752.

753.

754.

755.

756.

757.

Pazdrak, K., Shi, X.Z. & Sarna, S.K. TNFalpha suppresses human colonic cincotghs
muscle cell contractility by SP1- and NF-kappaB-mediated induction of ICAM-1
Gastroenterolog$27, 1096-109 (2004).

Weber, C.R. et al. Epithelial myosin light chain kinase activation inducesosal
interleukin-13 expression to alter tight junction ion selectivity. J Biol CB&8n1203746
(2010).

Abreu, M.T. Toll-like receptor signalling in the intestinal epithelium: hoactérial
recognition shapes intestinal function. Nat Rev Imoid0, 13144.

Yoshida, N. & Yoshikawa, T. Basic and translational research on proteinasstextti
receptors: implication of proteinase/proteinase-activated receptor in gastrointestinal
inflammation. J Pharmacol St98, 415-21 (2008).

Fichtner-Feigl, S., Strober, W., Geissler, E.K. & Schlitt, H.J. Cytokinesatieg the
induction of chronic colitis and colitis-associated fibrosis. Mucosal imaini Suppl 1,
S24-7 (2008).

Lee, J.W. et al. Differential regulation of chemokines by IL-1€dlonic epithelial cells.

J Immunol181, 6536-45 (2008).

Monkemuller, K. et al. Interleukin-1beta and interleukin-8 expression cormeldiethe
histomorphological changes in esophageal mucosa of patients witheewsiv non-
erosive reflux disease. Digesti@f, 186-95 (2009).

O'Riordan, J.M. et al. Proinflammatory cytokine and nuclear factorakBppxpression
along the inflammation-metaplasia-dysplasia-adenocarcinoma sequencesophagus.
Am J Gastroenterdl00, 1257-64 (2005).

Li, P. & Hotamisligil, G.S. Metabolism: Host and microbes in a pickle. Na464e1287-

8 (2010).

Arsenescu, R. et al. Role of the xenobiotic receptor in inflammatoryelbdisease.
Inflamm Bowel Dis17, 1149-62 (2010).

Guri, A.J., Hontecillas, R. & Bassaganya-Riera, J. Abscisic acid ameliorgtesreantal
IBD by downregulating cellular adhesion molecule expression and supgresshune
cell infiltration. Clin Nutr29, 824-31 (2010).

Papi, A., Rocchi, P., Ferreri, A.M. & Orlandi, M. RXRgamma and PPARyga ligands
in combination to inhibit proliferation and invasiveness in colarceacells. Cancer Lett
297, 65-74 (2010).

Wang, P., Dharmaraj, N., Brayman, M.J. & Carson, D.D. Peroxisproéferator-
activated receptor gamma activation inhibits progesterone-stimulated humarl MUC
expression. Mol Endocrin@4, 1368-79 (2010).

Hoebler, C., Gaudier, E., De Coppet, P., Rival, M. & Cherbut, C. MjgéGes are
differently expressed during onset and maintenance of inflammatideximan sodium
sulfate-treated mice. Dig Dis S&1, 381-9 (2006).

Fukata, M. et al. Cox-2 is regulated by Toll-like receptor-4 (TLBghaling: Role in
proliferation and apoptosis in the intestine. Gastroenterdl®tyy862-77 (2006).

Mandal, P. et al. Adiponectin and heme oxygenase-1 suppressMyR88-independent
signaling in rat Kupffer cells and in mice after chronic ethanol exposuramiiriol 185,
492837 (2010).

Stanzel, R.D., Lourenssen, S. & Blennerhassett, M.G. Inflammation caysession of
NGF in epithelial cells of the rat colon. Exp Neugall, 203-13 (2008).

Barreau, F. et al. Pathways involved in gut mucosal barrier dysfunctionad in adult
rats by maternal deprivation: corticotrophin-releasing factor and nerve grfawtbr
interplay. J Physidb80, 347-56 (2007).

Winston, J.H., Xu, G.Y. & Sarna, S.K. Adrenergic stimulation mediates raisce
hypersensitivity to colorectal distension following heterotypic chronic stress
Gastroenterolog$38, 294-304 e3 (2010).

Ma, D., Wolvers, D., Stanisz, A.M. & Bienenstock, J. Interleukinabd nerve growth
factor have reciprocal upregulatory effects on intestinal epithelial cells. Rhy3iol
Regul Integr Comp Physi@B4, R1323-9 (2003).

Sehgal, R. et al. NOD2/CARD15 mutations correlate with severe pouchitis afer ilea
pouch-anal anastomosis. Dis Colon Rec&3nl487-94 (2010).

248



758.

759.

760.

761.

762.

763.

764.

765.

766.

767.

768.

769.

770.

771.

772.

773.

774.

775.

776.

Hamm, C.M. et al. NOD2 status and human ileal gene expression. InBameh Dis 16,
164957 (2010).

Petnicki-Ocwieja, T. et al. Nod2 is required for the regulation of comrhamisgbiota in
the intestine. Proc Natl Acad Sci U 9186, 15813-8 (2009).

Okumura, S. et al. Hyperexpression of NOD2 in intestinal mast cells bhGrdisease
patients: preferential expression of inflammatory cell-recruiting molecules via NOD2 in
mast cells. Clin Immundl30, 175-85 (2009).

Zhang, F. et al. Peroxisome proliferator-activated receptor-gamma agopistess iNOS
expression induced by LPS in rat primary Schwann cells. J NeuroirhrBti803647
(2010).

Speckmann, B. et al. Proinflammatory cytokines down-regulate iraesgfenoprotein P
biosynthesis via NOS2 induction. Free Radic Biol M8d777-85 (2010).

Guri, AJ., Mohapatra, S.K., Horne, W.T., 2nd, Hontecillas, R. & BassadRieya, J.
The role of T cell PPAR gamma in mice with experimental inflammatowebdisease.
BMC GastroenteraolO, 60.

Kerckhoffs, A.P., Ter Linde, J.J., Akkermans, L.M. & Samsdwh Trypsinogen IV,
serotonin transporter transcript levels and serotonin content are increasadalin
intestine of irritable bowel syndrome patients. Neurogastroenterol Rpt00-7 (2008).
Camilleri, M. et al. Alterations in expression of pll and SERT in mucosakybiop
specimens of patients with irritable bowel syndrome. Gastroenterb82gy7-25 (2007).
Li, Y., Wo, JM., Su, R.R,, Ray, M.B. & Martin, R.C. Alteratioms manganese
superoxide dismutase expression in the progression from refluxaggtgto esophageal
adenocarcinoma. Ann Surg Onddl, 2045-55 (2007).

Seqgui, J. et al. Superoxide dismutase ameliorates TNBS-induced colitis by geducin
oxidative stress, adhesion molecule expression, and leukocyte recruitmenthénto
inflamed intestine. J Leukoc Bi@b, 537-44 (2004).

Renzi, D., Pellegrini, B., Tonelli, F., Surrenti, C. & Calabro, A. Subst&n@eurokinin-
1) and neurokinin A (neurokinin-2) receptor gene and pragpression in the healthy
and inflamed human intestine. Am J Pathsif, 151122 (2000).

Turner, J.R. Intestinal mucosal barrier function in health and disdas&ev Immuno®,
799809 (2009).

Abraham, S.N. & St John, A.L. Mast cell-orchestrated immunity to patieogNat Rev
Immunol 10, 440-52 (2010).

McKernan, D.P. et al. Toll-like receptor mMRNA expression is selectively isedein the
colonic mucosa of two animal models relevant to irritable bowel syndroheS ©ne4,
€8226 (2009).

Shih, D.Q. et al. Microbial induction of inflammatory bowel disease associatiee g
TL1A (TNFSF15) in antigen presenting cells. Eur J Immi$13239-50 (2009).

Kamada, N. et al. TL1A produced by lamina propria macrophagesdadihl and Th17
immune responses in cooperation with IL-23 in patients with i€sotlisease. Inflamm
Bowel Dis16, 568-75 (2010).

Mitrovic, M., Shahbazian, A., Bock, E., Pabst, M.A. & Holzer, P. Ghemciceptive
signalling from the colon is enhanced by mild colitis and blocked lipition of transient
receptor potential ankyrin 1 channels. Br J Pharmaé@l 1430-42 (2010).

Patil, M.J., Jeske, N.A. & Akopian, A.N. Transient receptor potential V1 regulates
activation and modulation of transient receptor potential A1 by Ca2+. Neurosdighce
110919 (2010).

Cenac, N. et al. Potentiation of TRPV4 signalling by histamine andoséro an
important mechanism for visceral hypersensitivity. 89t481-8 (2010).

249



Chapter 6: Appendices

6.1 Inclusion and exclusion criteriafor fMRI study participants

List 6.1.1 Inclusion (a) and exclusion (b) criteria

(@) Inclusion Criteria:
Participants must have either:

e Symptomatic diverticular disease with short lived recurrent abdominal pa&roo
more days a month and the condition confirmed on endoscopy/ tedesestp
barium enema or CT scan.

Asymptomatic diverticular disease, with no abdominal pain but the conditio
been confirmed on endoscopy/ telescope test, barium enema or CT scan.
Irritable bowel syndrome, which has been diagnosed by a gastroenterataist
hospital using ROME Il or lll criteria.

No abdominal problems e.g. a healthy participant.

18- 85 years of age.

Right handed- define as writing or drawing with the right hand.

Signed informed consent.

(b) Exclusion Criteria:
General exclusions

Pregnant or lactating women.
Severe co-morbidity; e.g. heart failure, respiratory failure, alcoholism g

dependence.
Inability to give informed consent.
Participation in any other study on Nottingham University camputhénlast 3
months.
MRI exclusions
¢ Have a metallic implant e.g.
o Cardiac pacemaker
Implanted cardiac defibrillator
Metallic heart valves
Aneurysm clips
Carotid artery vascular clamp
Neurostimulator
Insulin or infusion pump or implanted drug infusion device
o Non-removable cochlear, otologic, or ear implant
e Ever been shot or have shrapnel inside the body
e Ever had metallic fragments in the eye
e Claustrophobia
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List 6.1.1 Inclusion (a) and exclusion (b) criteria

(b) Exclusion Criteria:

Inflammatory exclusions
e Inability to stop NSAIDs (non-steroidal anti-inflammatory agents), antitsiatic
immunosuppressant drugs
e Presence of other gastrointestinal inflammatory conditions such as ulce
colitis, Crohn’s disease and Coeliac disease.
e Previous abdominal surgery (other than appendectomy, hysterec
cholecystectomy and sterilisation, hernia repair)

Somatic exclusion
e Peripheral neuropathy (e.g. diabetic, alcohol)
e Broken skin
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6.2 Timings and durations of paradigm stimuli

Figure 6.2.1 Durations from Start of Paradigm

45°C VAS CUE
Paradigm 1 72 23 15
197 150 60
284 242 141
407 331 186
451 495 234
276
321
402
444
483
Paradigm 2 113.4 24.4 12.4
240.4 70.4 60.4
282.4 1554 108.4
368.4 320.4 144.4
452.4 4954 228.4
276.4
3154
357.4
444 .4
486.4
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6.3 MRI Peltier participant subset selection

Central pain processing analysis to cutaneous heat stimulus appliedutiveseto the hand and

foot in:

IBS patients (IBS)

Asymptomatic Diverticular disease patients (ADD)

Symptomatic Diverticular disease patients

All participants recruited

Low somatisation on PHQ12 score <6 (LSDD)
High somatisation on PHQ12 score >7 ({3

Number | IBS ADD LSDD HSDD
MRI No | Data- MRI Data- MRI No | Data- MRI No | Data-
baseID | No base baseID base D
ID
1 4134 61 7352 62 7503 64 7499 65
2 6829 41 7574 67 7601 63 7631 68
3 7509 58 7769 59 7630 70 7632 66
4 7623 69 7787 50 7738 57 7788 56
5 7838 46 7801 53 7827 54 7845 51
6 7883 43 8255 33 7882 48 7918 28
7 7904 38 8346 8 7935 31 8155 35
8 7992 40 8354 6 8031 29 8196 30
9 7993 39 8418 10 8372 3 8235 32
10 8003 42 8429 11 8420 14 8253 36
11 8021 15 8522 25 8428 13 8258 34
12 8173 5 8523 23 8552 24 8373 7
13 8205 45 8595 20 8590 18 8680 75
14 8250 4 8685 73 8593 16 8682 71
15 8075 44 8598 1 8594 22 7903 26
16 7846 47 7799 55 8596 21 8032 27
17 7873 49 8276 37 8600 74 8592 17
18 6536 60 8647 19 8681 2
19 8389 9 7820 52
20 8599 72

(Bold = patients excluded due to; abnormal scan, medication e.g. lorazepam, inguifitéeon

guestionnaires to confirm group status)

253




Analysis

All patient images have been processed to correct for movement artefastcentimned in
matlab and normalised and smoothed to 8mm. All images were checked torladklitional
movement artefact that was not identified in the processing grapliseasdans removed from
further analysis. Participants included in subset analysis:

6.3.11BS
IBS Foot Hand Foot Footp | Handpl Hand Notes
No | MRI 450c? 450C? pl 2 p2
No
1 4134 _l _l _ _ _ _
2 6829 _l _l _ _ _ _
3 7509 _ _ _ _ _ _
4 7623 _ _ _ _ _ _
5 7838 _l _l _l _ _l _
6 7883 no N N i N
7 N N N N N N Vas scores 4 but
7904 consistent (F1 scor
missing)
8 7992 _ _ _ _ _ _
9 7993 no no N N i N
10 | 8003 _ _ _ _ _ _
11 | 8173 _ _ _ _ _ _
12 | 8205 _ _ _ _ _ _
13 | 8250 no no N N N _
14 | 8075 no i N N i N
7846 N/A N/A N/A N/A N/A N/A
7873 N/A N/A N/A N/A N/A N/A
6536 N/A N/A N/A N/A N/A N/A
8021 N N N N N no H2vas0
6.3.2 ADD
ADD Foot Hand Foot Footp | Handpl Hand Notes
No | MRI 450c? 450C? pl 2 p2
No
1 7352 _ _ _ _ _ _
2 7574 _ _ _ _ _ _
3 _ N N _ _ N VAS scores
7769 consistently 1 or 2
for all
4 7787 _ _ _ _ _ _
5 7801 _ _ _ _ _ _
6 8255 no N N N _ _
7 8346 no ) N N N N
8 8354 _ _ _ _ _ _
9 8418 no no N N N N
10 | 8522 _ _ _ _ _ _
11 | 8523 no no N / / _
12 | 8595 _ _ _ _ _ _
13 | 7799 _ _ _ _ _ _
14 | 8276 N N N N N N
no / no / / / F1vasscoreO
8647 rest 5-7
8389 N/A N/A N/A N/A N/A N/A
8599 N/A N/A N/A N/A N/A N/A
8429 no no / no / no
8685 no no no / no no
8598 no / no no / /
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6.3.3LSDD

LSDD Foot Hand Foot p1 | Footp | Handpl Hand Notes
No | MRI 450¢? 450C? 2 p2
No
1 7601 _/ _ _ _ _ _
2 7630 _/ _ _ _ _ _
3 7738 _l _l _ _ _ _
4 7827 _l _l _ _ _ _
5 7882 _l _l _ _ _ _
6 8031 _/ _ _ _ _ _
7 8372 no no _ _ _ _
8 8428 no _ N N _ N
9 8552 no no N N _ N
10 | 8590 no no N N _ N
11 | 8593 no no N N N _
12 | 8596 no no N N N _
13 | 8600 no no N N i N
14 | 8681 no no no N i N
7820 N/A N/A N/A N/A N/A N/A withdrew
7503 / / No- ? |/ |/ |/ 15T Subject F1
missing scan lost dueto
peltier fault.
7935 no no | _/ No - _/ H2 vasscore 1 and
bad H13
8594 no no N No- N No- withdrew
missin missing
9
8420 no no N no N N ? H1 peltier fault
not f2
6.3.4 HSDD
HSDD Foot Hand Foot Footp | Handpl Hand Notes
No | MRI No 450c? 450C? pl 2 p2
1 7499 _/ _/ _ _ _ _
2 7631 _ _ _ _ _ _ VAS 3-4 but
consistent
3 7632 _ _ _ _ _ _
4 7788 N N N N N N VAS 3-4 but
consistent
5 7845 _/ _ _ _ _ _
6 7918 _/ _ _ _ _ _
7 8155 no no N N N N
8 8196 no ) N N N N
9 8235 _ N N _ N N
10 | 8253 no no N N / _
11 | 8258 _ _ _ _ _ _
12 | 8373 no no N N N N
13 | 8680 no no N ) N ) VAS 4-5 but
consistent
14 | 8682 no no N N / _
7903 NA NA NA NA NA NA
8032 NA NA NA NA NA NA
8592 NA NA NA NA NA NA
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6.4 Notesfor processing double echo data

Written July 2010 by Kay Head using first version of spm8, 4D dataseltsising the MR Centre
cluster computer (logged into modred) and updated by Jan Smith in Bec2éil.

Knowledge of processing in spm8 is assumesb only details of the double echo combination are
given here.

Summary of process...

Convert PAR/REC data to IMG/HDR floats (ptef

spm8 realign first echo

Give echo2 the same realignment parameters

spm8 reslice echol, reslice echo2

Run double echo matlab script

Spm8 normaleand smooth

Create 1'level model / estimate model / create contrasts
Create ¥ level model / estimate model / create contrasts
Making Masks

2-Sample T test Comparisons

Using Covariates

Details of method ...

Convert PAR/REC data to IMG/HDR floats (ptefx

With only one set of PAR/REC data in any particular directory youygam.t
ptoa—f * -this turns data to IMG/HDR data in float format

In window1 typespm8 (choose fM RI option)

spma8 realign first echo

Click Realign éstimate)
In Data
Session
Select the first echo only)
RUN

Give echo2 the same realignment parameters

In window2 copy the .hdr and .mat files from the first echo tséwend
ie. cp *echo01.hdr *echo02.hdr

cp *cdechoOl.mat echo02.mat
This is a trick to pass the realignment parameters to the second echo
In spm8, run

spm8 reslice echol, reslice echo2

Realign (edlice)
In Data
Session 4 select first echo data
Session 2 select second echo data
RUN
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Run double echo matlab script
In window2 type

Typefdview

Load in one of the echo02 files. Look for an intensity value thaikcates the maximum
background noise levelthis should be around 10000-50000 and note this down.

Exit

type matlab - then choose option L
typeaddpath (‘/home/francis/matlab/DE/de/’)
typede (this should run the script)

select your first echo, second echo, type in the echo times andshdewel value

Output files

SS_map simple summation

ws_map summation of echos using t2*map create from the dataset
? 4D dataset of t2* values

? average t2*map

It is recommended to use the weighted summation for the rest of yaasping

Spm8 normalise and smooth

Normalise the all images to a set template so they can be compared:
Click on Normalise in SPM8 select estimate and write
For each subject/ scan paradigm create a separate module in the batch editor.
In each module:

(1) Select the mean....img file for the Source Image

(2) Select all corresponding rpelt....ws_map.img files for the Image to Write (the mean.img

and ws files need to be for the same subject and paradigm)
(3) For the template images navigate to the opt/magres/spm8/templates/ and selecil&PI.nii f

Save file and press Run
This will produce wr files

Smoothing

For fMRI, an 8mm smoothing is applied is allow some overlap between activation areas to occur
and reduce the chance of missing a significant activation.

In SPM8 click on smooth

In the batch editor create modules for each subject and paradigm

For the Images to Smoothed select all the wr.pelt...ws_map.img

Change the FWHM to [8 8 8]

Save file and press Run
This will produce swr files

Quit SPM8 and go into each subject and paradigm file to create separate_s$mootlolders:
mkdir smooth_8mm
Copy the swr files into the new directory: cp swr* smooth_8mm

Now it is time to create the’level random effects (RFX) Model
Make files for the results of the model which will be spm.mat files
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Go into each subject file to create a results folder: mkdir combined_results

Create model / estimate model / create contrasts
1% level random effects (RFX) M odel
SPMS8 and select specify' fevel
In the batch editor create a module for each subject
In each module:

e Directory (where the model will be saved): select the combined_results file thaiyeu

just created
e Timing parameters:
o Units for design: seconds

o Interscan interval: 3 (this is the TR interval)
o Microtime resolution: 16
o Microtime onset: 1

e Data and design
o Click on data and design header and create a subject/session for each paradigm
e.g. footpl footp2 handpl handp2
e Subject/session: in each of these you need to enter the timings frethis e.g. cues or
heat pulses and select the corresponding paradigm files and movemnemdteswvhich
are not of interest but need to be taken into account when the model is created
o Scans: select the smoothed images from the Smooth_8mm
= Click on the X next to scans
= A new window will appear
= Navigate in to the appropriate subject and paradigm folders using the
left hand box
= The directory and folder you are in is shown in the box nexil® at
the top of the window
=  Click on the smooth_8mm file
= Under the right hand box is a box with .* .
e Type swr.* so that only the swr files are selected
= The box immediately underneath this contains a 1.
e Type 1:199 in this box or any number which is greater than the
number of files in that folder. In the peltier study there are 177
files per paradigm used per site
=  Pressreturn
= The right hand box will be populated with all the swr files in the folder
= Press REC under the left hand box and these selected swr files will be
moved to the bottom box.
= Press done and the window will disappear and the number of files
selected will appear in the Scan row.
o Click on Conditions
= In the small grey box below click on new condition until you have
created 3 conditions this is for the 450C, VAS and cue events
= Go back to the current module box above and below the condition
header click on;
e Name: enter e.g. 45, VAS or cue
e Onsets: click on this and then edit value below
o A new window should appear. Enter the times in
seconds for the condition events for the appropriate
paradigm:
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45 VAS CUE
Paradigm 1 72 23 15
197 150 60
284 242 141
407 331 186
451 495 234
276
321
402
444
483
Paradigm 2 113.4 24.4 12.4
240.4 70.4 60.4
282.4 155.4 108.4
368.4 320.4 144.4
452.4 495.4 228.4
276.4
315.4
357.4
444.4
486.4
o Duration: 5
o Time modulation: No Time modulation

e Repeat for each condition
= Click on multiple regressors (to exclude movement artefact)
¢ Navigate to appropriate subject and paradigm folder and select
therp pelt.....echo01.txt file
» Repeat for each paradigm for each subject
NB it is essential to select the correct files and corresponding rp_pelt....echo01.txt files and to
make sure these match the paradigm condition event times that have been etiteredodel will
be wrong.
Once all the subject and paradigms have been completed save the model filegmdghieun.

Estimate the model

In SPM8 click on estimate

Create a new module for each subject

Load to spm.mat file created from the model above
Method: Classical

Click run to estimate the model

Defining contrasts
The model is designed as below

Paradigm 1
Contrasts of interest Movement artefact
45 VAS CUE XYZABC

In the peltier study the order of the paradigms in the model veap&radigm 2, foot paradigm 1,
hand paradigm 2 and hand paradigm 1

When creating contrasts click on the results tab in SPM8 and in thevimelow navigate to the
spm.amt model file. Click on the file and select done.

A new window will appear.

Click on define contrasts
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To look at the maps for combined feet VAS events you need to namgerttrast in the top box
and enter in the box below
0100000000 1 (the highlighted 0 are for the movement artefact)

For the combined Hand vas events enter:
00000000000000000001000 OO

Alternatively you can create a model with the model estimation and a stdistlafccontrasts built
in. In the model file go to the header under batch editor and click on spm

Go down the list until stats.

Click onmodel estimate and the estimation module will appear in the module list.

In this model highlight the files selected and click dependency.

A new window will open with all the model modules in order.

Click on the appropriate factorial design module from the list.

Return to the spm button below the batch editor header and use theodnofpak to select stats
again.

This time selectontrast manager.

A new contrast manager module will appear in the module list.

Click on this

Highlight the select spm.mat file and click on the dependency button

Select the appropriate model estimate module from the list which appears inthindew.

Click on contrast session and create new contrasts for all the eventsyiatesested in. For the
paradigm study 10 contrasts were created. Negative contrasts will identdywdrieh deactivated,
while positive contrasts identify activations to the event.

Name F1F2VAS Conl
T contrast Vector01 000000001

Name F1F2VASNEG Con 2
T contrast Vecto®-100000000 -1

Name F1F2CUE Con 3
T contrast Vector001000000001

Name F1F2CUENEG Con4
T contrast Vector00-100000000-1

Name H1H2VAS Conb5
T contrast Vector0000000000000000000D®0O0OO0O01

Name H1H2VASNEG Con 6
T contrast Vector000000000000000000M0D00000-1

Name H1H2CUE Con7
T contrast VectorO0000000000000000000D000001

Name H1H2CUENEG Con 8
T contrast Vector00000000000000000010®MG000000-1

Name F1F2H1H2CUE Con 9
T contrast Vector001000000001000000000000001

Name F1F2H1H2CUENEG Con 10
T contrast Vector00-100000000-10000060D®M0000000-1
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Make sure you select théon’t replicate’ for the ‘replicate over session’ for each contrast.

Viewing the model
View each model click on results in spm8
A new window will appear.
Navigate to the model file spm.mat you are interested in
Select file and click on done
A new window will appear with the contrasts listed
Click on the contrast of interest
In the window below the spm window click on options as follows
Mask : no mask
Stats: you can choose between corrections for multiple comparisonassteimily wise
error (FWE), FDR and or uncorrected
P value: keep the recommended value or alter this depending on thehstrietigt map
blobs
Voxel threshold: keep as recommended to change to 3 to remiatie‘activation’ dots
and to sharpen the map
The map will appear in the graphics window

All model images for the subjects should be visualised to makemswement artefact has been
corrected satisfactorily and the images are of good quality.

2" level model for the group activation maps

Create folders for the combined model in the main directory:

mkdir combined_results

cd combined_results

mkdir add high_sdd low_sdd ibs

Go into each file in turn and create folders for each contrast

mkdir flf2cueneg flf2cuepos flf2vasneg flf2vaspos hlé@eg hlh2cuepos hlh2vasneg
hlh2vaspos f1f2hlh2cueneg f1f2hlh2cuepos

Type spm8 and select fMRI
Create a %' level effect model for all the contrasts as abewdick on specify -level

Directory— select appropriate directory created above e.g. /combined_results/add/f1f2vaspos

Click on scans and then select filegn the new window go to each patient folder and théetel
model results file and pick up the con files for that condition in ajestsin the study e.g. flf2vas
positive (con_1) or hlh2vas positive (con_5) etc

Do not add covariates

Add a model estimation after each factorial design

Go to spm on the top of the Batch editor windego to stats and select model estimate

In the module list click on model estimation

Click on select spm.mat and then on dependency on the bottomfrigbtwindow

A New window will appear. Click on the appropriate factorial design spatidn file and then
o.k.

You need a new model estimate for each factorial design specification
Add a contrast for the group maps
Go to spm on the top of the Batch editor windego to stats and select contrast manager

In the modaule list click on contrast manager
Click on select spm.mat and then on dependency on the bottomfrigbtwindow
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A New window will appear. Click on the appropriate model estimate file andotlken
Make contrast as before-

Name: grpmap

Contrast: 1

Save the model in the main or combined_results directory
Click on the green arrow to run the model

Once model completed

Click on results

In results window

No mask

P value FDR p0.05 or uncorrected p0.001 as strength of blobs allows
Voxel threshold 3

Check to make sure pictures o.k.

To create a list of the active brain regions use the stats window in wiiickejected the statistic
test and p value etmd click on the ‘whole brain’ tab

A list will appear below the brain maps

Hover the mouse cursor over the list on the screen and press thieamnghbutton on the mouse
several options will appear. Select the print list option and the list wikapjm the modred
window.

Click on the modred window on the header bar and then right clitleisadme area. A window and
list will appear. Select ‘copy all to clipboard’

Open notepad and then paste the copied clipboard. The list should appesdheavitiext which can
be edited to just leave the list.

Save as a text file.

Open Microsoft excel and import the saved text file. Make sure you select ‘Delimited’ and then hit
next. In the next window select ‘tab’ and ‘space’ options and then ‘finish’. The list should appear in
the excel window.

The x y z co-ordinates are always at the right hand side. Howevera aotias, where there are
several peaks, a list of minor peaks will appear under the major peake values and co-
ordinates can be shifted to the left. Therefore drag this row to the righatsalltithe x y z co-
ordinates line up in the same columns on the right hand side.

To determine what brain region the co-ordinate refers to you need tteeysiek atlas.

To load the pick atlas go to the main named window of spm8 and click on ‘wfupickatlas’ tab under
the spm for functional MRI.

A new window will load.

At the bottom of the window is several boxes to enter co-ordinatemahe middle a list of the 2
option boxes which determine how the brain areas are expressed. Seldct lomethe TA
Brodmann’s areas + and the other to be AAL.

Enter the X, y, and z co-ordinates for each activate into the middlefrbexes on the left marked
as MNI. Press go at the end of the row and the brain regions \wilaapYou can check the
location by looking for the pale blue spot that appears over the brain image ab

Write the brain region adjacent to the co-ordinates in the excel file.

To do further comparisons such as inter and intra group, a maskitimes needed so only the
brain areas of interest and selected and the power of the maps is improved
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Making a mask:
Create folders for the masked data:

mkdir masks

cd masks

mkdir cueneg cuepos vasheg vasp

in each of these folders make directories for the foot and-hamkdir feet hand

Type spm8 and select fMRI
Create a %' level effect model for all the subjects for the e.g. cue or negaés for the hand and
foot — click on specify *-level

Directory— select appropriate directory created above e.g. /masks/vaspos/feet

Click on scans and then select filed the new window go to each patient folder and théetel
model results file and pick up the con files for that condition in ajlestbin the study e.g. f1f2vas
positive (con_1) or hlh2vas positive (con_5) etc

Do not add covariates

Add a model estimation after each factorial design

Go to spm on the top of the Batch editor windego to stats and select model estimate

In the module list click on model estimation

Click on select spm.mat and then on dependency on the bottomfrigbtwindow

A New window will appear. Click on the appropriate factorial design spatidn file and then
0.k.

You need a new model estimate for each factorial design specification
Save the model in the masks directory
Click on the green arrow to run the model

Once model completed

Click on results

Make contrast as before- grpmap, 1
In results window

No mask

P value none p 0.001

Voxel 3threshold 3

Check to make sure pictures o.k.

Click on imCalc to make into binary files

Input images- select somT_0001 for 1 of masks e.g. vasneg feet
Output file e.g. vasnegfeet 308

Output directory e.g. /masks/vasneg/feet/

Expression =i1>3.08  (to get a pal®O

Do not change the other settings

Save and run model

Repeat steps above but change the output file name and the expressions to
Output file e.g. vasnegfeet 258
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Expression =i1>2.58  (to get a p0.005)

Output file e.g. vasnegfeet 235
Expression =i1>2.35 (to get a p0.01)

Check binary images by hit display and select output file(s) fromeabov

When combining 2 binary models e.g. hand and foot vas positivelke a combined model select
imcalc again

In the input file select both images of the same p value to be combined:

Input images- select vasposfeet_ 258.img and vasposhand_258.img

Output file e.g. sumflf2hlh2vaspos_ 258

Output directory e.g. /masks/vaspos/

Expression = i1+i2

By adding the binary models some of areas will become 2 (e.g.1+1)
To convert them all back to 0 or 1 again o back into imCalc

Input images- sumflf2hlh2vaspos_ 308

Output file e.g. finalf1f2vaspos_binary_308

Output directory e.g. /masks/vaspos/

Expression = i1>1

NB In the peltier study - f1f2hlh2cuepos mask called vaspos_.mibtake! But are in the
masks/cuepos/feet/ directory.

2-sample-t-tests
Using a mask in inter-group and intra-groups comparisons

For the comparisons between the groups and for the hand antbfoparisons within a group a
mask is needed to exclude brain areas with no activations and to incee@gssvér in those areas
which activate or deactivate.

Foot_Hand Comparison

In modred create folders for the new comparisons

mkdir comp_handfeet

cd comp_handfeet

mkdir add low_sdd high_sdts

In each of these folders make folders for the comparisons e.g.
cd add

mkdir vaspos vasneg cuepos cue neg

Once folders are made:
Type spm8 and select fMRI

Select 2 level effects
In the batch editor create modules for all the comparisons e.g. vaspos cuepos vasneg......

In each module
e Directory: Navigate and select the folder for the comparison e.g.
comp_handfett/add/vaspos
e Click on design and in the box below click on 2-sample-t-test
e Alist of group 1 and group 2 scans will appear
o In group 1 select all the contrast files for the subjects in thepgasu
previously that correspond to the e.g. handvaspmm5
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o Inthe group 2 select all the contrast files for the subjects in the gsoup a
previously that correspond to the e.g. feetvasposnl
e Do not add a covariate
e Under the masking heading click on explicit masks
e Navigate to the mask folders and select the combined hand and foot slas ma
created earlier. Select the 308 mask firstt Hoesn’t work you can go back and
try the looser 258 etc masks instead.
e Do not change the other parameters
e Add a model estimate and contrast manager as previous
¢ In the contrast manager you will need 2 contrasts
o Group 1 vs. Group 2 i.e. areas where the hand has greater activations or
deactivations compared to the foot.
= Name the contrast e.g. hand_foot
= Contrast [11]
o Group 2 vs. Group 1 i.e. areas where the foot has greater activations
deactivations compared to the hand.
= Name the contrast e.g. foot rth
= Contrast[-1 1]
o Repeat with the other modules
Save the model and press run
o Check the images as before selecting the hand_foot contrast initially and
then repeat the processing by selecting the results tab again but selecting
the foot_hand contrast instead. The maps should be different. The blobs
will be weaker than for the group maps made above and you may hav
to use fdr with a reduced p value to p=0.1 or even uncorrected and
reduce the p value to p=0.01 or p=0.05 to see blobs.
o You can also create lists of active areas and identify the using the pick
atlas as above.

(@)

The mask is designed so that only the positive differences are seem mapk and not negative
contrasts from the other group. This will allow you to be confideattwat you are seeing is just
the areas where there is greater activation or deactivation for the groupevitiain contrast (i.e.
1)

I ntergroup contrasts

To look at differences between groups repeat the same steps foanitheand foot comparisons
above but creating new folders for the contrast.

Mkdir comp_groups

Cd comp_groups

Mkdir add low_sdd high_sdd ibs

Go into each of these e.g.

Cd add

Make folders for each contrast e.qg.

Mkdir f1f2vaspos flf2vasneg hlh2vaspos hlh2vasneg fl22hHpos f1f2hlh2cueneg

In the module you will need to compare many contrasts e.g. flf@satif2vasneg, hlh2vaspos,
hlh2vasneg, f1f2hlh2cuepos, fif2hlh2cueneg,

Make modules for all of these
Select the 2-sample-t-test in the design heading as before
o In group 1 select all the contrast files for the subjects in the group e.g
ADD as previously that correspond to the e.g. f1f2vaspomnl
o In the group 2 select all the contrast files for the subjects in theogro
e.g. IBS as previously that correspond to the e.g. f1f2vaspoal
Add the mask to the module and model estimate as above
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In the contrast manager make sure you name the contrasts as peuthe.grdf grp 1=ADD and
Grp 2 =IBS so:
Contrast 1
e Name the contrast e.g. ADD_IBS
e Contrast[11]
Contrast 2
e Name the contrast e.g. IBS_ADD
e Contrast [-1 1]

Save the model and press run.
Look at the maps, activation list and identify the areas with the pickaatlalsove.

Using covariates

These allow you to see if there is any significant correlation between thangigty score on
guestionnaires to the brain map activations.

start by creating new folders for the covariate of interest e.g. anxiety

mkdir anxiety

cd anxiety

mkdir add low_sdd high_sdd ibs

In each of these folders make folders for the comparisons e.g.

cd add

mkdir f1f2vaspos flf2vasneg h1h2vaspos hlh2vasnegIhf2tuepos flf2hlh2cueneg

Go into spm8 and select fMRI
Select modules for all the contrasts as above
In each module select the appropriate folder for the contrast in the ‘directory’

In the design select the 1-sampletest

This will create only ‘group 1’ in which to select the con files
Add the con files for the group and contrast of interest e.g. all ubpects in ADD for the
fif2vaspos (conl)

Click on covariate

In the box below click on new covariate

Under the covariate a list of vector, name, interactions and centering will appear
Click on name and then edit at the bottom of the window

In the new window that appear label the covariate e.g. anxiety

Click on vector and then edit
In the new window enter the list of anxiety scores from the questi@nn

e.g.

O b

The order of the anxiety scores must correspond to the order in wiiatothfiles from each
subject where selected in the ‘group 1’ files above e.g. if subject 08789 was loaded first the first
number in the covariate anxiety list must be subjects 08789 score and so

Leave the interactions and centering as per recommendations

NB. Do not add an explicit mask for this model
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Set up the other modules, add model estimation files and contrast manager
In the Contrast manager set up 2 contrasts
Contrast 1
e Name the contrast e.g. grp_map
e Contrast [1 0]
Contrast 2
e Name the contrast e.g. anxiety
e Contrast [0 1]

Save and run the model

To look at the maps for the covariates you need to increase the ppweadking using the
grp_map contrast.

Select results and navigate to the covariate and event of interest e.g. f1f2vaspos

Select and load the file as previously

In the contrast window select the anxiety contrast (e.g. contrast 2)

In the stats window it will ask for mask

Previously you should have selected no for this. This time clickesnand the contrast window
will reappear again.

Select the grp_map as the contrast.

For the statistical power you may have to use fdr or uncorrected véttuaed p value as with the
other comparisons above.

Select voxel threshold to 3 as previously
You can make list of the active areas and brain locations using the pgkkhatdove.

For each covariate you are interested in make a new model repeating the stepsnabcreating
new folders for each.
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6.5 Inter-Group Comparison functional MRI tables

ADD VS LSDD activations during VAS temperature stimulus left Foot

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Insula 9 0.013 2.35 222 | 34 -28 6 13 | right insula (post)
Frontal 33 0.007 2.62 245 | 36 26| 26 right inferior tri frontal
5 0.019 2.18 207 | 56 -10| 18 right rolandic operculum (s2)
Cerebellum 51 0.014 2.34 221 | -20 -30| -28 left cerebellum (4,5) + pedicle
5 0.041 1.8 1.74 0 -48 | -26 vermis10
Temporal 7 0.037 1.85 178 | 56 -8 -2 22 | right superior temporal
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LSDD VS ADD activations during VAS temperature stimulus left foot

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Insula 1081 0.001 3.66 326 | 32 0 -2 right putamen, insula (ant), amygdala
17 0.028 2 191 | -40 20 2 13 | left insula (ant)
Cingulate 32 0.013 2.37 2.24 4 -22 | 40 right mid cingulum
84 0.019 2.19 2.09 4 28| 22 24 | right anterior cingulum
Frontal 101 0.002 3.22 2.93 | -48 6| 18 left inferior operculo-frontal (?s2)
right supplemental motor area, superior medial frontal, 1
208 0.002 3.09 2.83 8 18| 52 6 | cingulum
right frontal (inferior operculo-frontal, mid and inferior tri
427 0.002 3.08 282 | 52 18| 12 45 (s2)
93 0.005 2.74 254 | 46 12| 48 right frontal (mid and inferior operculo-)
61 0.016 2.26 214 | 40 2| 36 right precentral
5 0.035 1.88 181 | 50 10| 20 right inferior operculo-frontal
Thalamus and caudate putament
med. globus
424 0.003 3 276 | -16 6 0 | pallidus left pallidum and putamen
Subthalamic &
Brainstem 141 0.007 2.66 2.48 -2 -24 -6 left upper brainstem/thalamus and vermis (3)
Temporal 13 0.018 2.2 2.09 | -38 16| -20 left superior temporal pole
Amygdala & HippoC 30 0.019 2.17 2.07 | -20 0| -16 34 | left amygdala
Parietal 301 0.005 2.74 255 | 42 -56 | 46 40 | right inferior parietal
121 0.006 2.73 254 | 64 22| 32 right supra marginal
19 0.007 2.63 245 12 -72 | 40 7 | right precuneus
S1&S2 133 0.002 3.12 285 | 42 -30| 58 right post and precentral
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ADD VS HSDD activations during VAS temperature stimulus left Foot

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Cingulate 76 0.006 2.73 2.53 0 22| 34 left mid cingulum
Frontal 23 0.012 2.38 224 | -2 14| 50 6 | left supplemental motor area
6 0.025 2.05 196 | 22 -18| 68 6 | right precentral
Thalamus and caudate 59 0.01 2.49 2.34 2 -18 6 | pulvinar right and left thalamus
Subthalamic &
Brainstem 110 0.001 3.45 31| -20 -28 | -32 left brainstem
36 0.008 2.6 243 | -14 22| -12 left brainstem
16 0.017 2.25 2.13 8 -24 | -32 right brainstem
Cerebellum 62 0.013 2.37 223 | -32 -44 | -30 left cerebellum (6)
Temporal 10 0.04 1.82 175 | 56 -6 -2 right superior temporal (s2)
Amygdala & HippoC 13 0.022 2.1 201 | 52 22| 24 right supra marginal
Parietal 6 0.029 1.98 19| -52 -46 | 50 40 | left inferior parietal
5 0.037 1.85 1.78 | -62 -46| 36 40 | left supra marginal
8 0.012 2.38 225| 10 -52 | 68 7 | right precuneus
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HSDD VS ADD activations during VAS temperature stimulus left foot

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Insula 106 0.011 2.43 229 | 36 18 -2 47 | right insula (ant)
Cingulate 11 0.032 1.93 1.85 6 32| 20 24 | right ant cingulum
12 0.034 1.89 182| -6 2| 30 left ant cingulum
6 0.036 1.87 18| 16 16| 36 32 | right mid cingulum
Post. corpus
callosum &
11 0.026 2.04 1.95 -6 -28 | 24| cingulum
Frontal 263 0.003 3.04 279 32 44 4 10 | left inferior tri frontal and right mid frontal
59 0.008 2.57 241 | 52 32| 22 right inferior tri frontal
26 0.012 241 2.27 | -48 8| 18 left inferior operculo-frontal (s2)
54 0.013 2.36 223 | 36 2| 42 6 | right precentral
8 0.013 2.35 222 | -38 2| 44 left precentral
22 0.022 2.11 201 | 34 -18| 60 right precentral
Thalamus and caudate putamen & lat.
globus
160 0.004 2.82 261 | -26 10 2 | pallidus left putamen and pallidum
307 0.009 2.54 238 | 32 0 -2 | putamen right putamen
Temporal 147 0.002 3.12 2.85 | -50 -4 -6 38 | left superior temporal + pole (s2)
6 0.044 1.76 171 | 66 40| 22 right superior temporal
Amygdala & HippoC 121 0.013 2.34 221 | -36 12| -20 | amygdala left superior temporal pole and amygdala
Parietal 32 0.017 2.22 211 | 42 -46 | 48 right inferior parietal and supramarginal
6 0.03 1.97 1.89 | -44 40| 26 left supra marginal
6 0.04 1.81 175 | 66 22| 34 2 | right supra marginal
S1&S2 28 0.01 2.49 233 | 60 -12| 22 right postcentral (s2)
19 0.019 2.19 2.08 | -60 -16 | 28 3 | left postcentral
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ADD VS IBS activations during VAS temperature stimulus left Foot

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Cingulate 8 0.033 1.91 1.84 2 38| 12 24 | left ant cingulum
Frontal 75 0.004 2.92 269 | -8 28| 34 9 | left superior medial frontal
15 0.014 2.32 22| -28 52| 16 left mid frontal
30 0.027 2.02 193 | -2 14| 48 6 | left supplemental motor area
3 0.031 1.94 1.87 | -46 22 -8 left inferior orbito-frontal
10 0.031 1.94 1.86 | 54 -4 40 right precentral
3 0.034 1.9 1.83 | -50 20| -10 47 | left inferior orbito-frontal
5 0.038 1.83 177 | 52 -14 | 22 right rolandic operculum (s2)
Temporal 56 0.002 3.27 296 | 66 -18 2 right superior temporal (s2)
13 0.024 2.08 198 | 40 22| -26 38 | right superior temporal pole
Parietal 8 0.024 2.07 1.98 | -54 -40| 50 40 | left inferior parietal
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IBS VS ADD activations during VAS temperature stimulus left foot

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Insula 1744 0 3.74 332 | 52 8| 20 13 | right (insula mid/post) inferior operculo-frontal, (s2)
109 0.005 2.75 255 | -38 18 4 13 | left insula (ant)
57 0.024 2.06 1.97 | -50 2| 22 left precentral, insula (mid) and rolandic operculum (S2)
Cingulate 30 0.008 2.59 242 | -6 4| 30 left ant cingulum
Post corpus
49 0.018 2.2 2.09 8 -30| 26| callosum right mid cingulum
22 0.024 2.07 1.98 8 26| 28 32 | right ant cingulum
Frontal 325 0 3.75 3.32| 48 38| -10 right inferior orbito-frontal
64 0.004 2.85 263 | 52 34| 26 right inferior tri frontal
120 0.006 2.73 253 | 10 0| 50 right supplemental motor area
59 0.007 2.62 245 | 10 -10| 66 6 | right supplemental motor area
48 0.008 2.56 24| 36 2| 40 6 | right precentral
39 0.009 2.5 235 | 34 -20| 60 right precentral
8 0.016 2.26 214 | -46 40| 16 46 | left mid frontal
50 0.02 2.16 206 | 34 40| 14 right mid frontal
20 0.021 2.13 2.03 8 28| 54 right superior medial frontal
5 0.038 1.84 178 | 12 24| 48 right supplemental motor area
Thalamus and caudate 10 0.029 1.98 19| 18 4 0 | putamen right pallidum
24 0.015 2.29 217 | 16 -12 2 right thalamus
Cerebellum 7 0.026 2.04 1.95| -40 -48 | -38 left crus (1) cerebellum
179 0.002 3.21 292 | -2 -20 -4 | red nucleus | vermis (3)
40 0.011 2.45 2.3 4 -60 | -32 vermis (8)
52 0.006 2.71 252 | -20 -48 | -30 left cerebellar pedicle and cerebellum (6)
Temporal 3 0.018 2.2 209 | 30 -28 | 16 13 | right heschl
13 0.006 2.67 249 | 56 -56 0 right mid temporal
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IBS VS ADD Activations during VAS temperature stimulus left foot continued

Parietal 6 0.036 1.87 18| 60 42| 24 right supra marginal
9 0.027 2.01 193 | 12 -70| 42 right precuneus
430 0.001 3.53 316 | 66 22| 26 40 | right supra marginal
301 0.001 3.34 3.02 | -52 42| 34 13 | left supra marginal and superior temporal
217 0.003 2.98 2.74 | -46 -6 -6 22 | left superior marginal
Occipital Post corpus
callosum left)/
5 0.042 1.79 1.73| -6 -28 | 24| post cingulum
ADD VS LSDD Deactivations during vas stimulus left Foot
Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Temporal 18 0.024 2.08 198 | -40 -38 8 left superior temporal and rolandic operculum (s2)
8 0.013 2.35 222 | 54 -54 | -18 20 | right inferior temporal
Parietal 23 0.006 2.7 251 | -28 -24 | 62 left precentral
S1&S2 281 0.002 3.27 297 | 44 -28 | 58 2 | right post and precentral
329 0.004 2.9 2.67 | -38 -32| 58| 3+4 left post and precentral
Occipital 232 0.004 2.91 2.69 | -36 -82 16 left mid occipital
97 0.005 2.77 257 | 40 -72 | -12 right inferior occipital
121 0.015 2.3 217 | -46 -70 -8 left inferior occipital
92 0.023 2.08 199 | 38 -76 18 19 | right mid occipital
6 0.021 2.13 2.03 | -30 -70 -4 19 | left lingual
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LSDD VS ADD Deactivations during VAS temperature stimulus left foot

Brain regions Cluster | Peak Peak Peak T | X Y Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Frontal 90 0.001 3.55 3.18 | -20 56| 16 left superior frontal
757 0.001 3.42 3.08 6 54| 12| 10+9 left and right superior medial frontal
22 0.014 2.33 221 | -16 40| 50 left frontal (superior and superior medial)
16 0.019 2.19 209 | -42 20| 32 left inferior operculo-frontal
Cerebellum 16 0.011 2.45 23| -22 -28 | -26 left cerebellum (4,5)
33 0.014 2.31 219 | 30 -38 | -28 right cerebellum (4,5)
Temporal 403 0.004 2.89 2.67 | -48 56| 22 left mid temporal, angular and mid occipital
11 0.007 2.66 248 | 66 -12) -12 21 | right mid temporal
51 0.01 2.47 232 | 48 0| -36 20 | right inferior temporal
Parietal 24 0.017 2.24 212 | -32 -62 | 60 left superior parietal
55 0.026 2.04 195| -8 -60 | 42 left precuneus
20 0.035 1.88 181| -8 -56| 10 left precuneus
Occipital 34 0.022 2.11 201 | 12 -82 | 26 right cuneus
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ADD VS HSDD Deactivations during VAS temperature stimulus left Foot

Brain regions Cluster | Peak Peak Peak T | X Y Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Frontal 30 0.001 3.56 3.18 | -36 20| 24 left inferior tri frontal
10 0.011 2.44 23| -50 22| 30 left inferior tri frontal
8 0.024 2.08 199 | 10 48| 24 right superior medial frontal
10 0.038 1.84 177 | -26 14| 54 left mid frontal
22 0.025 2.05 196 | 34 -18| 60 right precentral
16 0.021 2.12 203 | 30 22| 44 right precentral
5 0.04 1.81 175 | -28 6| 46 left mid frontal
5 0.042 1.79 173 | 28 16| 48 8 | right mid frontal
7 0.044 1.76 171 | -14 50 0 left superior medial frontal
Temporal 28 0.019 2.17 2.07 | -54 40| -14 left mid temporal
15 0.023 2.08 199 | 52 -54 | -18 20 | right inferior temporal
5 0.025 2.06 196 | -26 -14 | -34 left fusiform
39 0.03 1.95 188 | 24 -38 | -14 right fusiform
334 0.004 2.87 2.65 | -48 -66 | -10 left inferior temporal
34 0.007 2.66 248 | -30 -58 | -12 left fusiform
50 0.007 2.65 247 | -54 2| -18 left mid temporal
14 0.008 2.56 24| 34 -10| -40 20 | right fusiform
10 0.039 1.83 1.77 | -32 -16 | -26 left fusiform
5 0.042 1.79 1.73 | -62 -14 | -12 21 | left mid temporal
Amygdala & HippoC 65 0.022 2.11 201 | -32 -36 | -12 left parahippocampus
15 0.03 1.97 189 | 26 -12 | -22 | hippoC right hippocampus
71 0.016 2.27 215 | -36 -36 | 12 left parahippocampus
6 0.042 1.79 173 | -24 -8 | -20 | amygdala left hippocampus
Parietal 35 0.024 2.07 198 | -18 -64| 48 7 | left superior parietal
S1&S2 93 0.001 3.43 3.08| 62 -8 22 43 | right postcentral
362 0.001 3.41 3.07 | -32 -18| 50 left pre and postcentral
24 0.006 2.68 25| -60 -10| 30 left postcentral
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ADD VS HSDD Deactivations during VAS temperature stimulus left Foot continued

Occipital 383 0.003 3.06 28| 18 -70| -12 right lingual, fusiform and inferior occipital
90 0.009 2.54 238 | 38 -76 8 right mid occipital
83 0.013 2.38 224 | 22 -86| 28 19 | right superior occipital
20 0.029 1.97 1.89 | -34 -82| 14 left mid occipital
HSDD VS ADD Deactivations during VAS temperature stimulus left foot
Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Cingulate 27 0.02 2.16 206 | -8 -42 | 48 left mid cingulum
Frontal 6 0.015 2.3 217 | -28 28| 34 left mid frontal
15 0.019 2.19 2.08 0 54| 38 left superior medial frontal
17 0.026 2.03 1.95 0 -38| 66 paracentral lobule
30 0.001 3.36 3.04 | -20 54| 18 left superior frontal
Thalamus and caudate 6 0.035 1.88 181 | -12 -30 4 | pulvinar left thalamus
Subthalamic &
Brainstem 6 0.032 1.92 18| -8 -30| -36 left brainstem
Cerebellum 9 0.008 2.58 241 | -24 -28 | -28 left cerebellum (4,5)
33 0.014 2.33 22| 24 -38| -30 right cerebellum (4,5)
5 0.021 2.12 202 | -34 -36 | -30 left cerebellum (6)
5 0.025 2.04 1.96 4 -48 4 vermis (4,5)
Temporal 53 0.014 2.32 22| 42 4| -34 right mid temporal and pole
5 0.021 2.14 204 | -20 -46 | -16 left fusiform
11 0.023 2.09 2| -28 4| -34 left fusiform
Parietal 35 0.02 2.15 2.05 | -40 -72| 48 left angular
5 0.023 2.09 2| -52 -66 | 40 39 | left angular
9 0.031 1.94 187 | -34 -60 | 58 7 | left superior parietal
21 0.008 2.57 241 | 10 -54| 66 7 | right precuneus
14 0.025 2.05 19| 10 -48 | 48 right precuneus
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ADD VS IBS Deactivations during VAS temperature stimulus left Foot

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Insula 104 0.003 2.93 2.7 | -38 -38| 16 13 | left insula (post) and superior temporal
Frontal 124 0.007 2.65 247 | -36 -20| 54 4 | left precentral
18 0.008 2.59 242 | -36 20| 22 left inferior tri frontal
38 0.01 2.49 234 | 34 -20| 60 right precentral
Thalamus and caudate 7 0.039 1.82 176 | 20 28 -6 right caudate
Cerebellum 17 0.017 2.23 212 | 24 52| -34 left cerebellar pedicle
Temporal 6 0.038 1.84 1.78| -4 46| 64 left precuneus
116 0.006 2.73 253 | -50 -54 | -20| 19+20 left inferior temporal
55 0.006 2.7 251 | 28 -30| 16 13 | right heschl
20 0.014 2.33 22| 50 -46 -6 right inferior temporal
8 0.016 2.27 215| 54 -54 | -18 20 | right inferior temporal
235 0.008 2.59 242 | 32 -60 | -12 right fusiform, putamen and lingual
13 0.021 2.12 203 | 34 -10| -40 20 | right fusiform
38 0.023 2.09 2| -32 -20 | -28 left fusiform
8 0.027 2.01 192 | -30 -60 -6 left fusiform
14 0.029 1.97 1.89 | -46 24| -12 left mid temporal
Amygdala & HippoC 120 0.007 2.66 248 | 22 -34 -2 right hippocampus
65 0.009 2.54 2.38 | -20 -38 -6 left parahippocampal
15 0.018 2.21 21| 38 -18 | -20 right hippocampus
Parietal 6 0.029 1.97 1.89 | -26 -68 | 42 left inferior parietal
S1&S2 65 0.006 2.68 25| -40 -32| 58 left postcentral
Occipital 236 0.005 2.74 255 | -34 -82| 14 13 | left occipital (mid and superior)
236 0.01 2.47 232 | 24 -84 20 right occipital (superior and mid) and mid temporal
162 0.005 2.77 257 | -18 -84 -4 left lingual
25 0.031 1.94 1.87 | -40 -72 0 left mid occipital

278




IBS VSADD Deactivations during VAS temperature stimulus left foot

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Cingulate 6 0.036 1.87 18| -4 -42 | 48 left mid cingulum
Frontal 470 0.002 3.25 2.95 8 54| 14 10 | right frontal (superior medial and superior)
37 0.006 2.67 249 | -16 40| 50 left superior frontal
41 0.012 2.41 227 | -28 28| 34| 8+9 left mid frontal
10 0.017 2.23 212 | -44 28| -12 left inferior orbito-frontal
6 0.029 1.97 1.89 | -42 22| 34 9 | left mid frontal
Cerebellum corpus
197 0.011 2.45 2.3 4 -52 2 | callosum + 30 | vermis (4,5) and right precuneus and calcarine
Temporal 6 0.023 2.08 199 | -66 -30| -10 21 | left mid temporal
4 0.028 1.99 19| 44 16| -34 38 | right mid temporal pole
10 0.03 1.97 189 | 64 -10 | -12 right mid temporal
Amygdala & HippoC 24 0.024 2.07 198 | -24 -24 | -18 left parahippocampus
Parietal 95 0.006 2.7 251 | -32 -60| 60 left superior parietal
47 0.019 2.18 2.07 | -52 -70 | 34| 19+39 left angular
150 0.011 2.42 228 | -10 -56| 10 left precuneus
70 0.016 2.26 2.14 4 -70 | 54 right precuneus
26 0.018 2.2 209| -8 -58 | 48 7 | left precuneus
S1&S2 3 0.036 1.86 18| 52 -12 | 36 right postcentral
Occipital 5 0.037 1.85 179 | -14 -88 | 40 19 | left superior occipital
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ADD VS LSDD activations during VAS temperature stimulus left hand

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Insula 5 0.038 1.84 1.78 | -26 20| 12 left insula (ant)
Cingulate 15 0.029 1.98 19| -6 -32| 26 left post cingulum
Frontal 103 0 3.86 34| 38 26| 30 right mid frontal
16 0.008 2.58 241 | -44 46| 16 10 | left mid frontal
17 0.01 2.49 2.33 | -28 56| 22 10 | left superior frontal
65 0.01 2.47 232 | 54 -12| 20 right rolandic operculum (S2)
15 0.011 2.44 23| -2 16| 56 8 | left supplemental motor area
38 0.013 2.35 222 | 40 -30| 22 right rolandic operculum
5 0.019 2.18 207 | 14 32| 36 right superior frontal
9 0.019 2.18 2.07 | -52 -4 | 46 6 | left precentral
Subthalamic &
Brainstem 15 0.012 2.38 2.24 2 -20 | -22 right brainstem
Cerebellum 14 0.036 1.87 1.8 2 -38 | -28 vermis
Temporal 6 0.024 2.07 198 | 62 -52 | 22 right superior temporal
Amygdala & HippoC 30 0.013 2.36 223 | -40 -8 14 left amygdala/left mid temporal
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LSDD VS ADD activations during VAS temperature stimulus left hand

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Insula 9 0.041 1.8 174 | 34 24 -2 right insula (ant)
Cingulate 243 0.001 3.43 3.09 4 30| 18 24 | right ant cingulum
219 0.005 2.8 259 | 16 16| 38 right mid cingulum
Frontal 216 0.005 2.81 26| 36 42| 16 10 | right frontal (mid and inferior tri)
37 0.011 2.42 228 | -12 8| 48 32 | left supplemental motor area
44 0.02 2.17 2.06 | -48 0| 16 left rolandic operculum (s2)
11 0.038 1.84 178 | 46 42| -12 11 | right inferior orbito-frontal
6 0.045 1.75 17 8 2| 54 6 | right supplemental motor area
Thalamus and caudate red nucleus,
ventral lateral
nucleus,
medial globus
734 0.001 3.64 324 | -2 -18 -8 | pallidus right thalamus
10 0.02 2.17 206 | 12 8 -4 | putamen right pallidum
medial dorsal
6 0.041 1.8 174 | 10 -16 10 | nucleus right thalamus
Cerebellum 439 0 3.99 349 | -32 -60 | -26 left cerebellum (6)
179 0.004 2.84 2.62 -4 -80| -20 left crus (1) cerebellum
8 0.018 2.21 21| 24 -72 | -26 right cerebellum (6)
42 0.025 2.05 1.96 0 -52| -16 vermis (4,5)
6 0.039 1.83 1.76 0 -60 | -26 vermis (8)
Temporal 5 0.041 1.8 174 | -54 -36| 14 left superior temporal
7 0.034 1.89 1.82| 50 4| -18 right mid temporal pole
265 0.003 3.04 279 | 54 -20 4 right superior temporal
12 0.029 1.98 19| -32 -26 4 left heschl
Amygdala & HippoC 1418 0.001 3.55 318 | 34 2| -18 28 | right amygdala, insula (post), superior temporal pole
47/12 and
709 0.003 2.97 273 | -36 12| -18 | putamen left putamen and amygdala
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LSDD VS ADD activations during VAS temperature stimulus left hand continued

Parietal 220 0 3.93 345 | 62 -22 | 32 right supra marginal
84 0.012 2.39 2.25 | -58 -28| 36 left supra marginal
255 0.014 2.34 221 | 46 -44 | 44 40 | right supra marginal and inferior parietal
22 0.031 1.95 187 | 44 -38| 56 40 | right inferior parietal
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ADD VS HSDD activations during VAS temperature stimulus left hand

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Cingulate 116 0.004 2.89 266 | -4 -24 | 30 23 | left and right mid cingulum
left mid cingulum and left and right supplemental motor
250 0.005 2.74 255 | -6 22| 32 areas
79 0.007 2.66 248 | 12 28| 34 9 | right mid cingulum
Corpus
12 0.019 2.17 206 | -2 24| 16 | callosum left anterior cingulum
8 0.038 1.84 177 6 -26 | 48 right mid cingulum
Frontal 690 0 4.25 367 | -44 46| 16 10 | left frontal (mid + inferior tri)
311 0.003 2.98 274 34 34| 28 right frontal (mid + inferior tri)
24 0.01 2.47 232 | -14 2| 62 left supplemental motor area
44 0.015 2.28 216 | 42 4] 14 13 | left rolandic operculum(s2)
29 0.018 2.22 21| -60 4| 18|44+ 45 left precentral and inferior operculo frontal
46 0.022 2.12 202 | 36 22| 10 13 | right inferior tri frontal
6 0.022 2.12 2.02 | -38 40| 34 left mid frontal
6 0.028 2 192 | 44 -2| 18 right rolandic operculum (s2)
10 0.034 1.9 183 | 48 48 8 46 | right mid frontal
Thalamus and caudate ventral ant.
8 0.031 1.94 1.86 | -10 -4 4 | nucleus left thalamus
Subthalamic &
Brainstem 94 0.001 3.37 3.04 0 -22 | -24 brainstem
277 0.001 3.29 2.98 6 -38 | -30 brainstem + left and right cerebellar pedicle
Cerebellum 107 0.012 2.38 2.25 0 -22 4 | optic tract vermis (4,5)
7 0.027 2.02 193 | -46 -58 | -30 left crus (1) cerebellum
Temporal 53 0.003 3.05 279 30 14| -28 38 | right superior temporal pole
116 0.007 2.65 247 | 62 -4 0 22 | right superior temporal + rolandic operculum
167 0.008 2.57 24| 58 -48 | 16| 13+21 right temporal (superior and mid)
Parietal 170 0.002 3.1 283 | 52 20| 24 right supra marginal
45 0.007 2.65 247 | -50 -26 | 22 22 | left supra marginal
27 0.013 2.35 222 | -64 -36| 30 40 | left supra marginal
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HSDD VS ADD activations during VAS temperature stimulus left hand

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Frontal 18 0.006 2.68 249 | -12 20| 70 6 | left paracentral lobule
9 0.024 2.06 197 | 30 48 6 right mid frontal
23 0.033 1.91 184 | 34 24| -12 right inferior orbito-frontal
Thalamus and caudate putament
lateral globus
155 0.002 3.07 281 | -24 -6 0 | pallidus left pallidum
50 0.004 2.87 265| 30 -10 -2 | putamen right putamen
70 0.009 2.53 237 | 14 -18 0 right thalamus
Cerebellum 13 0.029 1.98 19| -4 -82 | -16 left cerebellum (6)
Temporal 84 0.002 3.25 295| 52 4| -16 21 | right mid temporal pole
202 0.002 3.16 288 | -50 -8 -6 21 | left superior temporal + pole
10 0.03 1.96 1.88 | -32 -26 4 left superior temporal
Amygdala & HippoC 16 0.02 2.16 205 | 22 -12| -14 right hippocampus
Parietal 215 0.007 2.64 246 | 40 -50| 50 40 | right inferior parietal and supra marginal
S1&S2 29 0.028 1.99 191 | 62 -18| 36 right postcentral
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ADD VS IBS activations during VAS temperature stimulus left hand

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Insula 154 0.008 2.59 242 | -46 22 -6 left insula (ant) and inferior orbito-frontal
9 0.029 1.97 1.89 | -36 4 -2 left insula (mid)/putamen
Cingulate 67 0.006 2.67 2.49 0 -12| 34 left mid cingulum
28 0.012 2.39 2.25 0 -36| 26 left post cingulum
Frontal 249 0.001 3.34 302| -2 14| 52 6 | left supplemental motor area and frontal (superior medié
140 0.004 2.85 2.64 | -44 46| 16 10 | left frontal (mid and inferior tri)
109 0.004 2.83 262 | 60 4| 34 6 | right precentral
69 0.008 2.6 243 | 48 24 -4 right inferior orbito-frontal
12 0.01 2.48 2.33 | -56 12| 24 45 | left inferior operculo-frontal
15 0.032 1.93 186 | 52 -14 | 22 right rolandic operculum (s2)
41 0.014 2.34 221 | -26 50| 22 10 | left superior frontal
43 0.015 2.29 217 | 48 16| 40 9 | right mid frontal
17 0.025 2.06 197 | -48 18 6 45 | left frontal (inferior tri and inferior operculo-) (s2)
11 0.026 2.03 194 | -2 32| 46 8 | left superior medial frontal
Subthalamic &
Brainstem 47 0.005 2.79 2.58 2 -20 | -22 right brainstem
Cerebellum 17 0.033 1.92 1.85| 38 -76 | -24 right crus (1) cerebellum
Temporal 136 0.004 2.92 269 | 66 -16 2|21+ 22 right superior temporal
50 0.004 2.86 265 | 58 12 -4 22 | right superior temporal pole
14 0.029 1.98 19| -62 -12 8 left superior temporal and heschl
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IBS VS ADD activations during VAS temperature stimulus left hand

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Insula 421 0.001 3.45 31| 48 6| -18| 21+22 right insula (ant) and superior temporal pole (s2)
69 0.005 2.79 259 | 28 26| 12 13 | right insula (post) and heschl
10 0.025 2.06 197 | 30 32| 4 right insula (ant)
Cingulate 16 0.02 2.16 2.05 | -10 28| 18 24 | left ant cingulum
9 0.02 2.15 205 | 10 -24 | 32 right mid cingulum
corpus
44 0.014 2.31 2.19 6 22| 18| callosum right ant cingulum
14 0.021 2.14 2.04 8 40| 24 9 | right ant cingulum
9 0.022 2.11 202 | 14 20| 34 right mid cingulum
14 0.025 2.06 197 | -14 -24 | 36 left mid cingulum
Frontal 7 0.038 1.84 178 | 42 20| 12 right inferior tri frontal
528 0 5.11 421 | 34 40| 14 right frontal (mid and inferior orbito-)
100 0.001 3.45 31| -14 22| 70 6 | left paracentral lobule
23 0.003 2.95 272 | -14 6| 46 32 | left supplemental motor area
84 0.004 2.87 265 | 48 6 16 right inferior operculo-frontal
89 0.009 2.51 235 | 14 4| 52 right supplemental motor area
16 0.017 2.24 213 | 38 4| 44 6 | right precentral
10 0.018 2.21 21| 10 30| 52 right superior medial frontal
Thalamus and caudate 48 0 4.35 3.74| 20 -8 | 10 | putamen right putamen
53 0.014 2.32 219 | 30 -4 12 right putamen
6 0.017 2.22 211 | -24 12| 12 left putamen
medial globus
9 0.021 2.14 204 | -14 -6 -8 | pallidus left pallidum
Cerebellum 9 0.013 2.37 2.24 | -40 -52| -38 left crus (1) cerebellum
173 0.001 3.3 299 | -8 -50| -28 left cerebellar pedicle and vermis (4,5,8)
Temporal 195 0.006 2.7 251 | -50 -4 -8 38 | left superior temporal
17 0.028 1.99 191 | -38 8| -24 left superior temporal pole
6 0.021 2.14 204 | 60 -54 -2 right mid temporal
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IBS VS ADD activations during VAS temperature stimulus left hand continued

Parietal 386 0.001 3.32 3.01 | -48 40| 32 left supra marginal and temporal (superior)
131 0.002 3.08 282 | 62 -24 |1 30 40 | right supra marginal
180 0.003 2.96 272 | 50 -42 | 36 right supra marginal
136 0.004 2.86 264 | -16 -42 | 64 4 | left precuneus
15 0.035 1.88 181 | 58 441 24 40 | right supra marginal
S1&S2 61 0.023 2.09 199 | 22 42| 66 right postcentral
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ADD VS LSDD De activations during VAS temperature stimulus left hand

Brain regions Cluster | Peak Peak Peak T | X Y Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Frontal 11 0.019 2.19 2.08 | -16 8| 50 32 | left superior frontal
77 0.002 3.11 2.84 2 20 -4 right olfactory/ant cingulum/caudate
Cerebellum 5 0.038 1.83 177 | 16 -72| -16 right cerebellum (6)
Temporal 681 0.002 3.09 282 | 24 -44 -2 37 | right lingual and fusiform
66 0.013 2.36 223 | -62 -58 -8 37 | left temporal (inferior and mid)
9 0.022 2.1 201 | 50 -44 -8 right mid temporal
7 0.03 1.95 188 | 44 -46 0 right mid temporal
Amygdala & HippoC 235 0.01 2.46 231 | -34 -36 -8 left hippocampus
10 0.019 2.19 208 | 32 -6 | -22 right hippocampus
8 0.04 1.82 175 | 42 -32 -6 right hippocampus/right mid temporal
S1&S2 18 0.028 1.99 191 | 44 -30| 46 40 | right postcentral
Occipital 758 0 3.73 33| -36 -88| 14 31 | left mid occipital (mid + superior) and calcarine
328 0.007 2.67 248 | 18 -88| 24| 18+30 right superior occipital and calcarine
51 0.007 2.61 244 | -50 -70| -12 19 | left inferior occipital
198 0.01 2.5 235 | -26 -80 0 18 | left mid occipital and lingual
100 0.014 2.33 22| 36 -76 | 16 right mid occipital
15 0.024 2.08 199 | -14 90| 14 18 | left superior occipital
35 0.025 2.05 1.96 6 -76 -2 right lingual
8 0.031 1.93 186 | 22 -74| 32 right superior occipital
34 0.032 1.93 185 | 44 -76 -6 right inferior occipital
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LSDD VS ADD Deactivations during VAS temperature stimulus left hand

Brain regions Cluster | Peak Peak Peak T | X Y Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Cingulate 7 0.038 1.84 1.78| -4 44| 26 left post cingulum
6 0.039 1.83 1.76 6 -40| 30 right post cingulum
Frontal 244 0 3.73 331 | -30 22| 42 left frontal (mid and inferior operculo-frontal)
499 0.001 3.58 32| -4 62| 28 10 | left superior medial frontal
311 0.002 3.07 281 | -10 56 6 left superior medial frontal
10 0.008 2.55 239 | 18 32| 38 right superior frontal
25 0.014 2.33 22| -48 26 4 45 | left inferior tri frontal
13 0.019 2.18 207 | -28 38| 42 left mid frontal
Cerebellum 64 0.015 2.3 218 | 30 -38| -30 right cerebellum (4,5)
Temporal 117 0.001 3.41 3.08| 56 2| -34 right temporal (inferior and mid pole)
45 0.005 2.78 257 | -46 2| -34 21 | left temporal (inferior and mid)
6 0.032 1.92 185 | -26 -4 | -38 36 | left fusiform
16 0.006 2.72 253 | -16 -14 | -28 left parahippocampus
43 0.025 2.04 195| 26 -4 -32 20 | right parahippocampus and fusiform
Parietal 966 0.001 3.51 3.14 | -12 -56 | 40 left precuneus and superior parietal
131 0.004 2.9 268 | -10 -58 | 12 left precuneus
7 0.037 1.86 179 | 18 -70| 60 right superior parietal
S1&S2 8 0.012 2.38 2.25 | -56 -12 | 46 3 | left postcentral
5 0.014 2.32 219 | 62 -4 36 right postcentral
Occipital 589 0.005 2.78 257 | -38 -70| 30 39 | left mid occipital and angular
91 0.007 2.6 243 | 50 -68| 26 right mid occipital
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ADD VS HSDD Deactivations during VAS temperature stimulus left hand

Brain regions Cluster | Peak Peak Peak T | X Y Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Cingulate 11 0.03 1.96 1.88 | -14 46| 16 10 | left anterior cingulum
Frontal 22 0.005 2.78 257 | 30 14| 54 8 | right frontal (mid + sup)
34 0.029 1.98 19| -22 20| 54 left superior frontal
22 0.005 2.78 257 | 30 14| 54 8 | right frontal (mid + sup)
34 0.029 1.98 19| -22 20| 54 left superior frontal
8 0.032 1.92 185| -8 -26 | 68 left paracentral lobule
Thalamus and caudate 6 0.007 2.62 244 | -28 -14 -2 | putamen left putamen
6 0.035 1.88 1.81 8 20 -4 right caudate
5 0.03 1.96 189 | -10 18 4 | caudate head | left caudate
Subthalamic &
Brainstem 24 0.031 1.94 1.87 2 0| -10 right brainstem
Temporal 28 0.014 2.32 219 | -64 -18 | -10 21 | left mid temporal
36 0.02 2.16 205 | 50 10| -26 38 | right mid temporal pole
17 0.024 2.07 198 | 28 -66| 52 7 | right superior temporal
57 0.008 2.58 241 | -56 0| -16 38 | left mid temporal and superior pole
84 0.01 2.49 234 | 56 -12| -14 right mid temporal
Amygdala & HippoC 748 0.004 2.9 267 | 38 -22 | -18 right hippocampus, parahippocampus and lingual
Parietal 70 0.014 2.33 22| -18 -60| 56 left superior parietal and inferior temporal
S1&S2 134 0.003 2.96 272 | -38 -36 | 64 left postcentral
40 0.004 291 269 | 42 -32| 44 40 | right postcentral
20 0.009 2.55 2.38 | -62 -10| 30 4 | left postcentral
a7 0.01 2.46 231 | 62 -10| 32 right postcentral
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ADD VS HSDD Deactivations during VAS temperature stimulus left hand continued

Occipital 389 0.002 3.23 294 | -24 -82 | 36 19 | left occipital (sup + mid)
305 0.003 2.97 273 20 -88| 36 19 | right superior occipital
100 0.006 2.7 252 | 40 -84 | 16 19 | right mid occipital
138 0.008 2.56 24| -50 -70| -12| 19+ 37 left inferior occipital and temporal
17 0.032 1.93 1.85| -36 -88| 14 left mid occipital
8 0.035 1.88 1.81 | -28 -74 -4 left lingual
45 0.036 1.87 1.8 0 -64| 12 left calcarine
HSDD VS ADD Deactivations during VAS temperature stimulus left hand
Brain regions Cluster | Peak Peak Peak T | X Y Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Frontal 169 0.008 2.58 241 | -30 22| 40 9 | left mid frontal
127 0.013 2.37 2.24 0 58| 32 10 | left frontal (superior medial and sup)
12 0.039 1.82 176 | 28 32| 34 9 | right mid frontal
Temporal 7 0.009 2.5 235 | -44 -16 | -22 left inferior temporal
Amygdala & HippoC 31 0.005 2.74 255 | -16 -14 | -28 left parahippocampus
15 0.031 1.94 187 | 26 -4 | -30 right parahippocampus
Parietal 12 0.008 2.59 243 | 58 -60| 28 right angular
33 0.016 2.26 214 | -32 -62| 26 39 | left angular
60 0.022 2.1 201 | -52 -58 | 28 left angular
39 0.024 2.08 198 | -14 -54 | 40 left precuneus
corpus
7 0.039 1.83 177 | 14 -38 4 | callosum right precuneus
Occipital 8 0.026 2.03 1.94 | -48 -78 | 28 39 | left mid occipital
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ADD VS IBS Deactivations during VAS temperature stimulus left hand

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Frontal 37 0.002 3.11 2.84 | -18 6| 50 32 | left superior frontal
109 0.003 2.96 272 | -8 -28 | 68 6 | left paracentral lobule
8 0.031 1.94 1.86 | -16 40| 20 9 | left superior medial frontal

Thalamus and caudate 678 0 4.08 355 | -12 20 4 | caudate head | left and right caudate and frontal
Temporal 210 0.002 3.08 282 | 52 10| -24 38 | right mid temporal pole

14 0.019 2.17 2.07 | -52 0| -18 left mid temporal

10 0.022 2.11 201 | 56 -6| -14 right superior temporal
Amygdala & HippoC 3937 0 4.31 371 | 26 -40 4 right hippocampus, cingulum (post) and heschl
S1&S2 43 0.012 2.38 2.25 | -30 -34| 64 left post and precentral

18 0.022 2.12 202 | -34 -28| 40 left postcentral

17 0.03 1.96 1.88 | -28 -44 | 56 left postcentral
Occipital 2678 0 4.31 3.71 | -22 -84 | 32| 7+18 left occipital (superior and mid)
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IBS VS ADD Deactivations during VAS temperature stimulus left hand

Brain regions Cluster | Peak Peak Peak T | X Z Brodmann’s AAL
p(FDR) | punc p(FDR) | equiv Z area
Frontal 587 0.002 3.21 292 | -2 58| 32 10 | left frontal (superior medial and superior)
45 0.016 2.27 2.15| -30 36| 42 9 | left mid frontal
23 0.017 2.25 213 | -48 28 2 left inferior tri frontal
29 0.021 2.14 204 | -44 22| 44 left frontal (mid and inferior tri)
6 0.024 2.07 197 | -34 14| 34 left mid frontal
6 0.031 1.95 187 | 24 46| 42 9 | right superior frontal
Cerebellum 34 0.015 2.29 2.17 6 -48 0 29 | vermis (4,5) and right lingual
Temporal 35 0.003 3.02 2.77 | -62 -20| -14 left mid temporal
Amygdala & HippoC 43 0.01 2.48 2.33 | -26 -26 | -16 left parahippocampus
Parietal 115 0.002 3.2 291 | -30 -70| 56 7 | left superior parietal
494 0.011 2.45 23| -8 52| 42 7 | left precuneus
5 0.03 1.96 1.88 6 -56 | 66 right precuneus
S1&S2 7 0.014 2.33 22| -56 -16 | 48 3 | left postcentral
Occipital 326 0.001 3.49 3.13 | -18 -64 8 left calcarine and precuneus
72 0.017 2.24 2.13 | -48 -78| 28 left mid occipital and angular
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6.6 Covariate analysis of the brain activity during the VAS temperature

stimulus

6.6.1 VAS score and actual VAS temperature °C analysis

Table A6.61 Covariates analysis of the brain activity during the painful VAS dtimusing
the post-scanning VA®ain score out of 10 and the actual ‘VAS’ temperature, which was
applied to the left foot (A) or left hand (B)t = significant activation| significant deactivation} |

both significant activation and deactivations within the same begion.

(A) Foot stimulus

' VASSCORE Temperature (°C)
Side | ADD LSDD HSDD IBS ADD LSDD HSDD IBS
L
R
L
R 1 1
Post-1ns L 1 1 1
R 1 1
Mid-Ins L 0
R 7
Ant-Ins L T
R 1 | i
ACC L !
R 7
MCC L ! 1 1
R L1 1
PCC L
R !
Medial PFC L l l l l
R | 1 1 |
Lateral PFC L ! ! 1
R 1 1 ! 1 1
Orbito-FC L ! 1 1
R 1 L 1
Lentiform Nuclel S Tl
and Thalamus R 1
Amygdala L 1
(Hippocampus) R 1 1
Cerebdlum L 1 Tl 1
R !
Inferior Parietal L !
R 1 !
Temporal L8 1 1 T 1 1
R |1 A N I S
M otor L
R
SMA L
R |1 1 1 1
Post-central L ! !
Gyrus R 1 !
Subthalamic/ 1 1 ! 1
Brainstem
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Table A6.6.1 Covariates analysis of the brain activity during the painful VABgtis using
the post-scanning VAS pain score out of 10 and the atW#a$’ temperature, which was

applied to the left foot (A) or left hand (B).

(B) Hand stimulus

VAS SCORE Temperature (oC)
Side | ADD LSDD HSDD IBS ADD LSDD HSDD IBS
S1 L
R
2 L |
R 1 1 1
Post-Ins L !
R 1 1 1
Mid-Ins L
R 1 1
Ant-Ins L 1 1 1 !
R 1 1
ACC L 1 ! 1 1
R ! 11
MCC L ! ! I T
R 1 1 1 1
PCC L
R
Medial PFC L ! l ! |
R Tl ! 1
Lateral PFC L 1 ! ! il !
R 1 ) ) 1 l 1
Orbito-FC L 1Tl
R ! 1
Lentiform Nuclei HS 0 1 1
and Thalamus R 1l 1 ! 1
Amygdala L ! ! I
(Hippocampus) R 1 1
Cerebdlum L 0 1 1
R 11 T ! 1
Inferior Parietal L ! 1
R
Temporal L i | | | | il ! i |l
R ! Tl Tl ! 1 ! ! 1
M otor L
R
SMA L i i
R 1 ! 1
Post-central L 1 ! 1 !
Gyrus R 1 1 1
Subthalamic/ T l !
Brainstem
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6.6.2 Hospital anxiety and depression score covariate analysis

Below are simplified fMRI results comparing activations (1) and deactivations (|) correlating
with participant’s HAD anxiety and depression scores used as the stimulus on the foot (A) and
hand (B) during the stimulus (uncorrected p<0.01) (Tablé& 2p. All effects were identified
using group maps as a mask for the data.

Table A6.6.2 Covariates analysis of the brain activity during the pain heat VAS stirimuthe

left foot (A) and left hand (B) using HAD questionnaire scores

(A) Foot stimulus
~ Anxiety Depression
Side \ ADD LSDD HSDD IBS ADD LSDD HSDD IBS
L
R
L
R
Post-1ns L
R
Mid-Ins L
R 1
Ant-Ins L 1
R 1
ACC L
R !
MCC L 1 ! !
R |1 !
PCC L
R
Medial PFC L 1 1 l 1
R 1 1 1
Lateral PFC L 1 1
R Tl 1 1 1
Orbito-FC L !
R |1 1
Lentiform Nuclei HE 0
and Thalamus R 1 1 1
Amygdala L
(Hippocampus) R 1
Cerebdlum L ! 1 l 1
R [ ! ! Tl ) 1
Inferior Parietal L 1 1 1
R 1
Temporal L ! )
R 1 11 ?
M otor L
R
SMA L
R
Post-central L ! )
Gyrus R | 1
Subthalamic/
Brainstem
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Table A6.6.2 Covariates analysis of the brain activity during the pain heat VAS stirimuthe

left foot (A) and left hand (B) using HAD questionnaire scores

(B) Hand stimulus
Anxiety Depression
Side | ADD LSDD HSDD IBS ADD LSDD HSDD IBS
S1 L
R
S2 L
R
Post-1ns L 1
R 1
Mid-Ins L 1 1
R
Ant-Ins L
R 1 1 1
ACC L
R |l 1 1 1
R T ! Tl ! T
PCC L
R 1 1 )
Medial PFC L 1 l l
R !
Lateral PFC L 0 ! 1 l
R 7 Tl Tl 1 1 l T
Orbito-FC L
R 1 1 1
Lentiform Nuclel S ) ! T 1 l
and Thalamus R 1 | 1 1 l
Amygdala L 1 l
(Hippocampus) R 1 1
Cerebdlum L 1 1 1 ) 1
R 1 1 l 1
Inferior Parietal L T l
R |1 1 1
Temporal L Tl L
R ! Tl ! 14
M otor L
R
SMA L 1 1
R
Post-central L Il i |l | | | 1 | |
Gyrus R | !
Subthalamic/ 1 Tl
Brainstem

297



6.6.3 Pain catastrophizing and Physiological health questionnaire 12 score covariate

analysis

Below are simplified fMRI results comparing activations (1) and deactivations () correlating
with participant’s PHQ12 and PC scores used as the stimulus on the foot (A) and hand (B)
during the stimulus (uncorrected p<0.01) (Table A6.5.3). Akaf were identified using
overall group maps as a mask for the data.

Table A6.6.3 Covariates analysis of the brain activity during the pain heat VAS stirimuthe

left foot (A) and left hand (B) using PCS and PHQ12 questionnaire s¢a)d0ot stimulus

| PCS PHQ12

Side| ADD LSDD HSDD IBS ADD LSDD HSDD IBS

L

R

L

R |1
Post-1ns L

R
Mid-Ins L

R
Ant-Ins L )

R 1 1 i

R 1 ! 1
MCC L 1 1 !

R T (R 1 (I
PCC L 1

R ! 1
Medial PFC L ! 1 T ! ! !

R ! 1 1
Lateral PFC L 1 ! 0l

R 1 1
Orbito-FC L ! !

R 1 | i 1
Lentiform Nuclel HS 1 1 i 1
and Thalamus R ! 1 1 1 1
Amygdala L 1 1 1 0
(Hippocampus) R | T
Cerebellum L ! ! 1 1 B

R |1 ! !
Inferior Parietal L 1 1

R
Temporal LT 11l 1

R |1 A I 1
M otor L

R
SMA L

R 1 1
Post-central L ! 1 11 T
Gyrus R | 1 ! 1 |
Subthalamic/ 1 1 1 B 1 |
Brainstem
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Table A6.6.3 Covariates analysis of the brain activity during the pain heat VAS stirimuthe

left foot (A) and left hand (B) using PCS and PHQ12 questionnaire s¢@jd$and stimulus

PCS PHQ12
Side | ADD LSDD HSDD IBS ADD LSDD HSDD IBS
S1 L
R
S2 L
R
Post-Ins L |
R 1
Mid-Ins L 1 Tl 1
R 1 1 t
Ant-Ins L 1 1 1
R 1 1 ) 1 1 1
ACC L l Tl
R 1 1 Tl
MCC L 1 1 il
R 1 Tl 1 L1
PCC L
R 1
Aff. Medial PFC L 1 ! l 1 l
R 1 1
DNIC Lateral PFC L 1 l Tl
R |1 Tl T 1 1 1
DNIC Orbito-FC L 1
R 1 1
SS Lentiform Nuclel S i Tl i i l 1
and Thalamus R 1 | 1 l 1
Aff. Amygdala L ! Tl
(Hippocampus) R 1 1 11 1
Cerebellum L 1 1 1 1 1 1
R ! ! 1 ) !
Inferior Parietal [E 1
R 1 1
Temporal L1 ! f ! ! !
R 1 1 ! ! 14 ! !
M otor L
R
SMA L 0 1
R |1 ! 1 1
SS Post-central L ! Tl 1 Tl !
Gyrus R 1 ! 1 !
DNIC Subthalamic/ i Tl 1
Brainstem
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6.7 Intergroup analysis of the brain activity between the IBS and SDD

groupsduring the Cue stimulus

6.7.1 Inter-Group Analysis: Differences between cue stimuli for IBS and SDD groups.
Table A6.6.1 areimplified significant results of 2 sample t test comparing activations (1) and
deactivations (]) between the SDD groups for the visual cue (Uncorrected p<0.05, voxel
threshold 5) (TableR2.15). The first two columns on the left are areas where theee is
significant probability that activations and deactivations are greater in thgréB compared
to the SDD groups (IBS>SDD). In the two right columns are areas whene is a significant
probability that activations and deactivations are less in the IBS gamupared to the SDD

groups (SDD>IBS).
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Table A6.7.1 Inter-Group Analysis: Differences between cue stimuli for IBS and SDDpgt

Area Side IBS IBS LSDD> HSDD>
LSDD HSDD IBS IBS
S1 L
R
S2 L
R 1
Post-1ns L I
R ! !
Mid-Ins L
R 1
Ant-Ins L
R_|1 1
ACC L 1
R |1 1
MCC L !
R T !
PCC L
R
Medial PFC L ! !
R ! ! !
Lateral PFC L 1 !
R ! !
Orbito-FC L
R |1
Lentiform Nuclei and Thalamus B 1 ! 11 1
R |1 1 1
Amygdala L i}
(Hippocampus) R ! !
Cerebellum L 1 !
R 1 1
Inferior Parietal L
R
Temporal L ! 1 l
R_|1 1L |l 1
M otor L
R
S L |1 1 1
R 1
Post-central L )
Gyrus R !
Subthalamic/ Brainstem !
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6.8 Covariate analysis of the brain activity during the Cue stimulus

6.8.1 Hospital anxiety and depression score covariate analysis

Below are simplified fMRIresults comparing activations (1) and deactivations (|) correlating

with participant’s HAD anxiety and depression scores during the cue stimulus (uncorrected
p<0.01) (Table A6.7.1). All effects were identified using group nzegpa mask for the data.

Table A6.8.1 Cue stimulus: HAD questionnaire scores

 Anxiety Depression

Side \ ADD LSDD HSDD IBS ADD LSDD HSDD IBS
Sil L

R
S2 L

R ! 1
Post-Ins L !

R ! 1
Mid-Ins L i

R 1 ! 1
Ant-Ins L 1

R 1

L 1 1 1

R 1 1

L 1 |

R ! 1 1

L 1

R
Medial PFC L 1 !

R | I
Lateral PFC L 1 ! !

R |1 ! ! 1
Orbito-FC L l i i

R 1 1
Lentiform Nuclei S ! Tl 1
and Thalamus R T 1
Amygdala L 1
(Hippocampus) R 1 1 1
Cerebellum L l

R 1 1
Inferior Parietal L ! 1 !

R | 1
Temporal L ! 1 !

R ! 14 1 1
M otor L

R
SMA L

R
Post-central L ! !
Gyrus R l | l
Subthalamic/ Tl Tl
Brainstem
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6.8.2 Pain catastrophizing and Physiological health questionnaire 12 score covariate
analysis

Below are simplified fMRIresults comparing activations (1) and deactivations (|) correlating
with participant’s PCS and PHQ12 scores during the cue stimulus (uncorrected p€ladlg
A6.7.2). All effects were identified using group maps as a maskdatdta.

Table A6.8.2 Cue stimulus: PCS and PhQ12 scores

| PCS PHQ12
Side ‘ ADD LSDD HSDD IBS ADD LSDD HSDD IBS
L
R
L
R
Post-Ins L
R l l
Mid-Ins L
R
Ant-Ins L l
R 1
ACC L 1
R 1
MCC L 1 1 1
R 1 1 1
PCC L
R
Medial PFC L ! ! l 1
R 1 1 1 I
Lateral PFC L ! I U
R Tl 1 1
Orbito-FC L 1 1 1
R 1 t1
Lentiform  N. WK ! ! 1 ) !
and Thalamus R 1 ! 1 1 1 1
Amygdala L l 1
(Hippocampus) | ! ! 11
Cerebellum L !
R l 1
Inferior L il
Parietal R
Temporal L ! ! ) 11
R | 1 T ! T
M otor L
R
SMA L 1
R 1
Post-central L
Gyrus R ! l
Subthalamic/ !
Brainstem
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6.9 Patient diary sheets and Bristol Stool Chart

6.9.1 Front sheet

Mesalazine in symptomatic
diverticular disease

PATIENT DIARY

Please record

1 Any unusuzl symptoms durmg the study parted.
Any use of non-prescription or newly prescribed
medication

-

3. Your symptems and stool frequency for the week prior

to your next visit o the two-weeks prier to the first
VisiL.
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6.9.2 Instructions

= Tndiceim

T ous 57 InpHE:

Scoring Instructions

Fzin: Scors
Eloating: Scor y mediu
GIu:-I:-aIWEII_EIE all}:

[ T S C— S
aomifem =Y O3, <3 =all & AR R
Yousstoal foem canbe mmadesd usinz the sozla siven halas

21001 FOTIH

1 =22PETaTs D70 MINTS, HEE DTS
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6.9.3 Bristol Stool Chart

Bristol Stool Chart

. . . Separate hard lummps, like nuts
U< . . . (hard to pass)
Type 2 - Sausage-shaped but lumpy
2 a Like a sausage but with
i - cracks on the surface
T 4 Like a sausage or snakse,
- pia smiooth and soft
4 & " @ Soft blobs with clear-cut
¥Pe ﬂ - edges
Fluffy pisces with ragged
e * edges, a mushy stool
Watery, no solid pieces.
Type i & Entirely Liquid
-
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6.9.4 Diary Sheet
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6.9.5 Other symptoms
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6.10 FRAME L aboratory Standardized protocols

6.10.1 Method for the simultaneous preparation of RNA from cellsand tissues
Preparation of reagents
e Bromo-3-Chloropropane (Sigma-Aldrich USA Pcode 1000840974 8P6
e Sodium acetate (2M pH4) (Made in house from stocks (Sigma-Aldrich B&ale
1000564120) and treated with DEPC)
e Isopropanolol (HPLC Grade; Fisher Scientific P/7507/PB17)

e DEPC- treated water (Diethyl pyrocarbonate Sigma-Aldrich USA D5758)

Preparation of RNA from tissue by phenol-chlorofor m extraction

1. 50mg of frozen tissue was transferred to a 5ml polypropyleae-sap tube (Falcon
N.J. USA 352063) containing 2ml of ice-cold TRI reagent®(Sigma Aldd&A
Pcode101078497 T9424).

2. The tissue was homogenised (polytron homogeniser Janke and Kunkel Wwitax T
T25) for 15-30 seconds at room temperature.

3. The homogenate was incubated for 5 minutes at room temperaturenio quanplete
dissociation of nucleoprotein complexes.

4. 0.4ml of 1-Bromo-3-Chloropropane was added to the lysate anedntiy vigorous
shaking.

5. The sample was centrifuged at 10,000g for 15 minutes’@iRBeckman Coulter
Allegra X-226 centrifuge)

6. The aqueous phase of the sample was then transferred to two fresh 1.5
polypropylene snap cap eppendorf tubes.

7. The RNA was precipitated from the aqueous phase by the addition 25nfl. bf
Sodium acetate (2M pH4) and 0.35ml of isopropanolol. After thorauging the
final solution was stored for at least 30 minute26iG.

8. The precipitated RNA was collected by centrifugation at maximum spead IlBEC

(international equipment company) microfuge (model 3593 MA USAjGt 4
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9. The RNA pellet was then washed twice with 70% ethanol, centrifageid step 8
each time. After washing the ethanol was allowed to evaporate, but noy to dr
completely by leaving on the bench uncovered for 5 minutes.

10. 50ul of DEPC- treated water was added to the washed RNA pellet and thedbed

to 65°C for 5 minutes before being stored 86°C.

6.10.2 RNA cleanup
Preparation of reagents
This method was performed using the RNAeasy kit (Qiagen USA Cat4O6) as per
manufactures instructions. All buffers are part of the kit
Ethanol absolute (Sigma-Aldrich USA UN 1170)
1. Buffer RLT
10pl of B-Mercaptoethanol was added to each 1ml of Buffer RLT required in a fume
hood.
2. Buffer RPE
The supplied concentrate was diluted in 4 volumes of 96-100% of ethanol.
3. DNAase |
10ul of DNAase | stock solution was diluted in 70ul of Buffer RDD aixkechgently
by inverting the tube and briefly centrifuged to collect residual liquid ttwersides of
the tube before storing on ice until use.
1. 250ul of 100% ethanol was added to the RNA preparation obtained inOsteptte
preceding method and mixed thoroughly by pipetting.
2. The sample was then applied to an RNAeasy mini column contained in a 2ml
collection tube. The tube was closed gently and centrifuged at 10,0005 for
15s. The flow through and collection tube were then discarded.
3. 350pl buffer RW1 was added to the RNA easy spin column and ogetifas in step
2. The flow through was discarded.
4. 80pl of the DNAase | incubation mix was added to the RNAeasy column and

incubated at room temperature for 15 minutes.
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5. 350pl of buffer RW1 was then added to the RNAeasy spin coldmeh.centrifuged
as in step 2. The flow through was discarded.

6. The RNAeasy column was transferred to a fresh 2ml collection tube Wwb@rd of
buffer RPE was added before centrifuging as in step 2.

7. A further 500ul of buffer RPE was added to the RNA easy colamaghcentrifuged
for 2 minutes at 10,000g.

8. The RNAeasy column was transferred to a fresh 2ml collection tube ammducga
at 10,0009 for 1 minute.

9. The column was transferred to a 1.5ml collection tube for the final elsiiéggm 30ul
of RNAse-free water was added to the column and centrifuged for 1 mahute
10,000g.

10. The concentration of the RNA was estimated by measuring the absodiéz@nm

of an aliquot of the final preparation.

6.10.3 Quantitative RT-PCR Protocol

Preliminary Steps

Primers and probes for the target gene and for a reference gene (asualiyekeeping gene)
can be ordered as a kit or designed using Primer Express 2. Egterplanation on how to
design primers and probes is given both in “TagMan Universal Master Mixprotocol by ABI

and in “Primer Express’2user manual.

The amplicon (PCR product) should span an intron-exon boyridaorder to avoid the
amplification of a false positive product. Primers and probes should beth(@3tAST N) in

order to ensure that the chosen sequence is specific for the getezexit.

Dilute primers and probes to 10 pM and store in smaller aliquots. Wrap probes’ tubes with foil

as they are light sensitive.

Always test primers with a DNA template before ordering probes. Prigtensld be tested
with PCR reaction, using cycle parameters similar to the ones that willsé@ in the

quantitative PCR:
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e« 95°C 10 mins

e« 95°C 15sec

e« 60°C 1min x40
e 72°C 30sec

e 72°C 5 mins

Run a gel with PCR products along with an appropriate DNA ladder to theakiplicon’s

correct size.

6.10.4 Reverse Transcription PCR
RNA can be prepared with the Trizol method (Invitrogen), withgblution D method or with

the mRNA extraction kit (Invitrogen). Always use RNAase free tipgashandling RNA.

Purified total/mRNA concentration is detected with the NanoDrop machines Saraunt of
RNA (usually 1ug total RNA or 100ng mRNA) from differentngdles will be used as a
template for RT-PCR synthesis of first strand cDNA

Use either M-MLV reverse transcriptase or Superscript:

(@) M-MLV Reaction
e lpg total RNA /100ng mRNA + 1ul Random Primers (as they come) + DEPC water to 15
ul. Incubate at 70 °C for 5 mins then put on ice.
e Add to the reaction mix:
RT Buffer 5X Sul
dNTP (10mM) 1.25ul
RNAase inhibitor 0.5ul
M-MLV Tl
DEPC water 2.25ul FINAL REACTION VOL: 25ul
Incubate at 37 °for 60 mins.

e Dilute 4X by adding 7pl HPLC water (This will be th&lEAT).
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(b) Superscript
Preparation of reagents
1. Random primers (Promega W.I. USA C118A)
2. Superscript Il Reverse Transcriptase (200 unit/ul) (Invitrogen USAI€418080093)
5* First-Strand Buffer

0.1 MDTT

w

. RNaseOUT™ (Invitrogen USA Cat No 1077@19)

4.dNTPs

1. 500ng of RNA was added to 1.5ul random primers and 1.5a0iNG#s in a nuclease-
free 0.5ml eppendorf and made up to a total volume of 19.5u|ERAC treated
water.

2. The tube was vortexed and pulsed in a centrifuge (IEC) for 5 de@@C to collect
the contents.

3. Sampeswere heated to 65°C for 5 minutes to allow RNA dissociation and biding
random primers

4. 6ul 5X First-Strand Buffer, 1.5ul 0.1 M DTT, 1.5®RINaseOUT™ Recombinant
RNAse Inhibitor were added to each tube.

5. 1.5ul of Superscript Il RT (200 unit/ul) and the contents mixeddntle pipetting.

6. The reaction was then incubated at@%or 5 minutes, at 5C for 60 minutes before
the reaction was stopped by heating t6C7@or 15 minutes on a Biometra TRIO-
Thermobloc (No 9402208)

7. cDNA was stored a0°C

6.10.5 cDNA standards

Serial dilutions of a standard cDNA are required in order to quantify retadiveentrations of

the target and reference gene in the samples. It is possible to uddiffevent relative
measurements: the relative standard curve method or the comparativett@tdmAs a
reference read: “Guide to performing relative quantitation of gene expression using real-time

quantitative PCRby ABI.
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A mix of cDNAs from different samples or @NA from a sample believed to express the

gene of interest can be used as a standard.

Dilutions of the standard and the samples need to be determined empifsalystarting
point use a 4-fold serial dilution of the NEAT for the standard, adluted5 or 10 times the

NEAT for the samples.

(@) Settingup a TAQMAN 96-well plate
Serial dilutions of the standard cDNA and a non-template control (NS} be run for both
the reference and the target gene in order to construct two standaed. ®®um each standard
dilution and each dilution of the sample in triplicates. When testingepsiand probes for the

first time, samples can be run in two dilutions in order to havettarpossibility of using the

correct one. This is a typical plate for a TagMan reaction:

Samplel | Samplel |Samplel |Sample2 |Sample2 | Sample2

10X 10X 10X 10X 10X 10X

Samplel |Samplel |Samplel |Sample2 |Sample2 |Sample2

The reaction mixture for the reference gene is in red, the one for teégaree is in yellow.
. Prepare one master mix for the reference gene and one for thegangefor the

numbers of wells required:
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TAQMAN Rox-UDG Mix 13 pl

FW Primer (10 uMm) 075 ul
REV Primer (10 uMm) 075 ul
PROBE (10 pMm) 0.5 pl
HPLC Water 5 pl
Total Volume 20 pl (per each well)

Add 20 pl of the correct master mix in each well keeping the plate on ice

Add 5 pl of the cDNA standards and samples

Seal the plate with transparent film and place the rubber cover on the topth€eep
plate on ice and put the lid on the box in order to protect from the light

Turn the TagMan machine on and set up the plate document with ABlaseft#
“rough guide on how to use TagMan” is in D53 in the Protocols’ Book.

The reaction volume is usually set to 50 pul and must be changed to 25 ul

The reaction will approximately take between 1 and 2 hours depemdintpe
machine

Refer to “Guide to performing relative quantitation of gene expression using real-time
quantitative PCRby ABI in order to analyze the results. Data can be exported from

the ABI software as an excel file
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6.11 Genecards

6.11.1 Genes selected for gene card

IPA = Ingenuity Pathway analysis (Applied Biosystems, California, USA)
Other names Pathway Evidence References  Notes

ACTB Beta-Actin Hs99999903_m1 Housekeeper

ALOX12 12-Lipoxygenase Hs00167524_m1 Arachidonic acid: Eicosanoid IPA linked,
signaling Planned LCMS
ALOX15 15-Lipoxygenase Hs00609608_m1 Arachidonic acid: Eicosanoid IPA linked,
signaling Planned LCMS
ALOX15B 15-Lipoxygenase B Hs00153988 m1 Arachidonic acid: Eicosanoid IPA linked,
signaling Planned LCMS
ALOX5 5-Lipoxygenase Hs01095330_m1 Arachidonic acid: Eicosanoid IPA linked, 610
signaling Literature,
Planned LCMS
ALOX5AP Arachidonate 5-Lipoxygenase Hs00233463_m1 Arachidonic acid: Eicosanoid IPA linked,
activating protein signaling Planned LCMS
BDKRB2 Bradykinin receptor 2 Hs00176121_m1 Neuropeptidesinflammation IPA linked, DSHCERTE
Literature
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CMKLR1

CNR2
CRHR

CYP2J2

Other names Assay ID

Calcitonin-related polypeptide alpha Hs01100741_m1

Calcitonin-related polypeptide beta Hs00265194 m1

Chemoking(C-C motif) ligand 13 or Hs00237013_m1
MCP-4

Chemokine (C-C motif) ligand 13 or Hs00234646 _m1
eotaxin-1

Chemokine (C-C motif) ligand 2 or Hs00234140_m1

Monocyte Chemotactic protein 1

(MCP-1)

Chemokine-like receptor 1 or Hs01386064 m1
ChemR23

Cannabinoid receptor 2 Hs00361490_m1
Corticotrophin receptor Hs00366363_m1
Cytochrome P450, family 2, Hs00356035_m1
subfamily J

Pathway

Neuropeptides: Inflammation
cytokines
Neuropeptides: Inflammation
cytokines

Inflammation: chemokines

Inflammation: chemokines

Inflammation: chemokines

Inflammation: chemokines

Inflammation: Endocannabinoids
Neuropeptides: Inflammation
cytokines

Arachidonic acid: Eicosanoid

signaling

Evidence

IPA linked

IPA linked

Literature

Literature

Literature

Literature

Literature
Literature

IPA linked,
Literature

Refer ences

725

726

727

728

729-731

256, 732

733

Notes
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Other names

Epoxide hydrolase 2 (SEH)

Protease activated receptor 2 PARZ
Protease activated receptor 4 PAR4

Formyl peptide receptor 2,

Galanin receptor 1

Galanin receptor 2

Hypoxanthine
phosphoribosyltransferase 1
5HT 3A receptor

5HT 3B receptor

5HT 4 receptor

Intercellular adhesion molecule 1

Interferon, gamma

Interleukin 10

Assay ID

Hs00157403_m1

Hs00173741_m1
Hs00559732_m1
Hs02759175_s1

Hs00175668_m1
Hs00605839_m1
Hs02800695_m1

Hs00356082_m1
Hs00175775_m1
Hs00410577_m1
Hs00164932_m1
Hs00989291_m1

Hs00961622_m1

Pathway

Arachidonic acid: Eicosanoid
signaling

Inflammation: PAR signaling
Inflammation: PAR signaling
Inflammation and Arachidonic acic

signaling

Neuropeptides: Inflammation
Neuropeptides: Inflammation

Housekeeper

Serotonin pathway
Serotonin pathway
Serotonin pathway

Cell migration pathway
Inflammation: Cytokine and
interferon pathway

Inflammation: Cytokine

Evidence

IPA linked

Literature
Literature

Literature

Prev. Work
IPA linked

Prev. Work
Prev. Work
Prev. Work
Literature
IPA linked

IPA Linked

References  Notes

665, 734
665

735,736 Primers not

Cross exon

boundary
80, 104

605, 606, 608
606, 608
608

737
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IL13
IL17A
IL1B
ILIRN
IL6
IL8

KITLG
LTA4H

LTB4R

LTC4S

MAdCAM 1

Other names

Interleukin 13
Interleukin 17A

Interleukin 1b

Interleukin 1 receptor antagonist
Interleukin 6

Interleukin 8

KIT ligand
LeukotrieneA4 synthase

Leukotriene B4 receptor

LeukotrieneC4 synthase

Mucosal addressin cell adhesion

marker-1

Hs00174379_m1
Hs00174383 m1l
Hs00174097_m1
Hs00893625_m1
Hs00174114 ml
Hs00174103_m1

Hs00241497_m1
Hs00168505_m1

Hs00609525_m1

Hs00168529_m1

Hs00175533_m1

Pathway

Inflammation: Cytokine
Inflammation: Cytokine
Inflammation: Cytokine
Inflammation: Cytokine
Inflammation: Cytokine

Inflammation: Cytokine

Inflammation: chemokines
Arachidonic acid: Eicosanoid
signaling

Arachidonic acid: Eicosanoid
signaling

Arachidonic acid: Eicosanoid
signaling

Cell migration pathway

Evidence

Literature
Literature
Literature
IPA linked

Prev. Work

Literature

IPA linked
IPA linked

IPA linked,
Literature

IPA linked

Literature

References  Notes

738739740, 741

725, 741, 742

543, 743-745

104, 740

739, 740, 742, 743,

746

728
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MCL-1
MGLL
MM P2
MMP9
MUC1
MUCSA
MYD88

NAPEPLD

NGF

NGFR
NOD2

NOS2
NTRK1

Other names

Myeloid cell leukaemia sequence .
Monoglyceride lipase

Matrix metallopeptidase 2

Matrix metallopeptidase 9

Mucin 1, cell surface associated
Mucin 3, cell surface associated
Myeloid differentiation primary
response protein 88

N-acyl phosphatidylethanolamine
phospholipase D

Nerve growth factor (beta
polypeptide)

Nerve growth factor receptor
Nucleotide-binding oligomerizatior
domain containing 2

Nitric oxide synthase 2, inducible
Neurotrophic tyrosine kinase
receptor, type 1

Assay ID

Hs01050896_m1
Hs00200752_m1
Hs00968305_m1
Hs00957562_m1
Hs00159357_m1
Hs03649367_mH
Hs00182082_m1

Hs00419593_m1

Hs00171458_m1

Hs00609976_m1
Hs00223394_m1

Hs01075529_m1
Hs00176787_m1

Pathway

Inflammation: chemokines
Inflammation: endocannabinoids
Cell migration pathway

Cell migration pathway
Inflammation: barrier function
Inflammation: barrier function
Inflammation: Toll receptor
pathway

Inflammation: Endocannabinoids

Inflammation: multiple

Inflammation: multiple
Inflammation: Toll receptor
pathway and PPAR pathway
Inflammation: Cytokine

Inflammation: multiple

Evidence

IPA linked
IPA linked
Literature
Literature
Literature
Literature

Literature

Literature

Literature

IPA linked

Literature

Literature
IPA linked

References  Notes

748
552, 748
749, 750
750

745, 751, 752

599

591, 730, 731, 753-

756

757-760

609, 761, 762
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PDE4B

PDE4D

PLA2

PPARG

PTGER1

PTGER3

PTGES

PTGES2

PTGS1

Other names

Phosphodiesterase 4B,

Phosphodiesterase 4D,

Phosphatidolipase

Peroxisome proliferator-activated

receptor gamma

Prostaglandin E receptor 1

Prostaglandin E receptor 3

Prostaglandin E synthase

Prostaglandin E synthase 2

Prostaglandin-endoperoxide

synthase 1

Assay ID

Hs00387320_m1

Hs00174810_m1

Hs00179898_ml

Hs01115513_m1

Hs00168752_m1

Hs00168755_m1

Hs01115610_m1l

Hs00228159_m1

Hs00377726_m1

Pathway

Arachidonic acid:

signaling

Arachidonic acid:

signaling

Arachidonic acid:

signaling

PPAR signaling

Arachidonic acid:

signaling

Arachidonic acid:

signaling

Arachidonic acid:

signaling

Arachidonic acid:

signaling

Arachidonic acid:

signaling

Eicosanoid

Eicosanoid

Eicosanoid

Eicosanoid

Eicosanoid

Eicosanoid

Eicosanoid

Eicosanoid

Evidence References  Notes

IPA linked

IPA linked

IPA linked

Literature 749

IPA linked,
Planned LCMS
IPA linked,
Planned LCMS
IPA linked,
Planned LCMS
IPA linked,
Planned LCMS
IPA linked,
Planned LCMS
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PTGS2

RPL PO
SELE
SLC6A4
SOD1
TACR1

TACR2

TBXAZR

TBXASL

TGFB1

TGFBR1

Other names

Prostaglandin-endoperoxide

synthase 2

Ribosomal protein, large, P0O,Gene

E-selectin
Serotonin transporter
Superoxide dismutase 1

Tachykinin receptor 1
Tachykinin receptor 2
Thromboxane A2 receptor
Thromboxane A synthase
(platelet)

Transforming growth factor beta

Transforming growth factor, beta
receptor 1

Assay ID

Hs00153133 m1l
Hs99999902_m1l
Hs00174057_m1
Hs00169010_m1l
Hs00533490_m1
Hs00185530_m1
Hs00169052_m1
Hs00169054_m1
Hs01022706_m1

Hs00998130_m1

Hs00610318_m1

Pathway

Arachidonic acid: Eicosanoid
signaling

Housekeeper

Cell migration pathway
Serotonin signaling
Inflammation: oxidative stress

Neuropeptides: Inflammation

Neuropeptides: Inflammation

Arachidonic acid: Eicosanoid
signaling

Arachidonic acid: Eicosanoid
signaling

Inflammation: Cytokine - Growth
factor

Inflammation: Cytokine - Growth
factor

Evidence

IPA linked,
Planned LCMS

Literature
Literature
Literature
Prev. Work,
Literature
Prev. Work,
Literature

IPA linked,
Planned LCMS
IPA linked,
Planned LCMS
Literature

IPA linked

References  Notes

747 763
607, 608, 764, 765
766, 767

591 575, 768

768

739
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TGFBR2

TJP1

TJIP2

TLR2

TLR4

Other names

Assay ID

Transforming growth factor, beta Hs00559660 m1

receptor Il (70/80kDa)

Tight junction protein 1 (zona

occludensl)

Tight junction protein 2 (zona

occludeng)

Toll like receptor 2

Toll like receptor 4

Toll like receptor 5

Toll like receptor 7

Toll like receptor 8

Toll like receptor 9

Hs01551876_m1

Hs00910541_m1

Hs00152932_m1

Hs00152939_m1

Hs00152825_m1

Hs00152971_m1l

Hs00607866_mH

Hs00152973_m1

Pathway

Inflammation:
factor

Inflammation:

Inflammation:

Inflammation:
pathway
Inflammation:

pathway

Inflammation:
pathway
Inflammation:
pathway
Inflammation:
pathway
Inflammation:

pathway

Cytokine - Growth

barrier function

barrier function

Toll receptor

Toll receptor

Toll receptor

Toll receptor

Toll receptor

Toll receptor

Evidence

IPA linked

Literature

IPA linked

Literature

Literature

Literature

Literature

Literature

Literature

References  Notes

629, 769

739, 770

739, 745, 751, 752

770,771

739, 745, 771

739, 745

739

122,739
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TNF

TNFSF10A

TNFSF10

TNFSF15

TOLLIP

Other names

Tumor necrosis factor

Tumor necrosis factor (ligand)
superfamily, member 10A
Tumor necrosis factor (ligand)
superfamily, member 10
Tumor necrosis factor (ligand)

superfamily, member 15

Toll interacting protein

Tryptophan hydroxylase 1

Transient receptor potential ankyri

1

Transient receptor potential
vanilloid 1

Transient receptor potential
vanilloid 4

Vascular cell adhesion marker-1

Assay ID

Hs99999043_m1

Hs00269492_m1

Hs00921974_m1

Hs00353710_s1

Hs00184085_m1

Hs00188220_m1
Hs00175798_m1

Hs00218912_m1

Hs01099348_m1

Hs01003372_m1

Pathway

Inflammation: Cytokine

Inflammation: Cytokine

Inflammation: Cytokine

Inflammation: Cytokine

Inflammation: Toll receptor

pathway

Serotonin pathway

Inflammation: TRVP pathway

Inflammation: TRVP pathway

Inflammation: TRVP pathway

Cell migration pathway

Evidence

Prev. Work

Literature

IPA linked

IPA linked

Literature

IPA linked

Prev. Work

Literature

Literature

Literature

Literature

Refer ences

104

772,773

605, 608

774, 775

590, 591

665, 734, 776

747

Notes

No primers
that cross

exons
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6.12 Coefficients of variation for histology assessment

6.12.15HT
SD= standard deviation
Slide Count Area(mm2) Cels Perimeter (um) Cédlsarea
SR67-10-5HT 1.00 0.01 1.00 68.03
2.00 0.01 1.00 69.44
3.00 0.01 1.00 70.92
4.00 0.01 1.00 71.43
5.00 0.01 1.00 68.49
6.00 0.01 1.00 555.00 72.99
7.00 0.01 1.00 564.00 71.94
8.00 0.01 1.00 585.00 68.03
9.00 0.01 1.00 561.00 70.92
10.00 0.01 1.00 560.00 71.94
mean 0.01 565.00 70.41
SD 0.00 11.64 1.79
Coefficient of 0.03 0.02 0.03
variation
Reproducibility 97.44 97.94 97.46
SR81-10-5HT 1.00 0.03 2.00 66.89
2.00 0.03 2.00 66.45
3.00 0.03 2.00 67.34
4.00 0.03 2.00 67.57
5.00 0.03 2.00 65.36
6.00 0.03 2.00 876.00 66.89
7.00 0.03 2.00 877.00 66.01
8.00 0.03 2.00 879.00 68.73
9.00 0.03 2.00 884.00 67.80
10.00 0.03 2.00 890.00 66.01
mean 0.03 881.20 66.90
SD 0.00 5.81 1.00
Coefficient of 0.01 0.01 0.01
variation
Reproducibility 98.51 99.34 98.51
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6.12.1 5HT continued

Slide
SR25710-5HT

SR17310-5HT

SR20110-5HT

Overall coefficient of variance Mean

Reproducibility

Count Area (mm2) Cells Perimeter (um) Cells/area

1.00 0.01 5.00 357.14

2.00 0.01 5.00 344.83

3.00 0.01 5.00 349.65

4.00 0.01 5.00 375.94

5.00 0.01 5.00 354.61

6.00 0.01 5.00 604.00 342.47

7.00 0.01 5.00 608.00 352.11

8.00 0.01 5.00 609.00 354.61

9.00 0.01 5.00 609.00 347.22

10.00 0.01 5.00 604.00 352.11

mean 0.01 606.80 353.07

SD 0.00 2.59 9.26

Coefficient of 0.03 0.00 0.03
variation

Reproducibility 97.47 99.57 97.38

1.00 0.03 3.00 106.76

2.00 0.03 3.00 99.67

3.00 0.03 3.00 102.04

4.00 0.03 3.00 101.35

5.00 0.03 3.00 99.34

6.00 0.03 3.00 978.00 103.09

7.00 0.03 3.00 986.00 102.39

8.00 0.03 3.00 1030.00 102.04

9.00 0.03 3.00 982.00 101.35

10.00 0.03 3.00 973.00 102.04

mean 0.03 989.80 102.01

SD 0.00 22.98 2.04

Coefficient of 0.02 0.02 0.02
variation

Reproducibility 98.04 97.68 98.00

1.00 0.02 3.00 126.05

2.00 0.02 3.00 120.97

3.00 0.02 3.00 122.95

4.00 0.02 3.00 132.74

5.00 0.02 3.00 790.00 125.52

6.00 0.02 3.00 781.00 128.21

7.00 0.02 3.00 790.00 127.66

8.00 0.02 3.00 793.00 125.00

9.00 0.02 3.00 776.00 127.12

10.00 0.02 3.00 780.00 127.12

mean 0.02 785.00 126.33

SD 0.00 6.87 3.17

Coefficient of 0.02 0.01 0.03
variation

Reproducibility 97.50 99.12 97.49

0.02 0.01 0.02

97.79 98.73 97.77
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6.12.2 CD68

CD68 Lamina Propria

Slide Count LP Area (mm2) Cells Perimeter (um) cells/area

SR16210-CD3 1.00 0.02 21.00 971.00 1390.73

2.00 0.01 18.00 858.00 1267.61

3.00 0.01 18.00 873.00 1267.61

4.00 0.01 19.00 893.00 1366.91

5.00 0.01 20.00 907.00 1398.60

6.00 0.02 20.00 892.00 1333.33

7.00 0.01 20.00 921.00 1418.44

8.00 0.01 21.00 901.00 1438.36

9.00 0.02 20.00 962.00 1315.79

10.00 0.01 20.00 1000.00 1369.86

mean 0.01 19.70 917.80 1356.72

SD 0.00 1.06 45.72 59.41

Coefficient of 0.03 0.05 0.05 0.04
variation

Reproducibility 96.87 94.62 95.02 95.62

SR19810-CD3 1.00 0.02 20.00 697.00 1315.79

2.00 0.02 19.00 698.00 1158.54

3.00 0.02 20.00 694.00 1298.70

4.00 0.02 19.00 672.00 1117.65

5.00 0.02 21.00 678.00 1320.75

6.00 0.02 20.00 690.00 1250.00

7.00 0.02 20.00 669.00 1219.51

8.00 0.02 21.00 686.00 1272.73

9.00 0.02 20.00 676.00 1204.82

10.00 0.02 21.00 668.00 1346.15

mean 0.02 20.10 682.80 1250.46

SD 0.00 0.74 11.62 74.77

Coefficient of 0.04 0.04 0.02 0.06
variation

Reproducibility 96.41 96.33 98.30 94.02

SR194-10-CD3 1.00 0.02 29.00 862.00 1502.59

2.00 0.02 25.00 729.00 1404.49

3.00 0.02 25.00 771.00 1428.57

4.00 0.02 28.00 830.00 1609.20

5.00 0.02 25.00 861.00 1213.59

6.00 0.02 31.00 889.00 1483.25

7.00 0.02 29.00 896.00 1450.00

8.00 0.02 31.00 861.00 1550.00

9.00 0.02 30.00 877.00 1304.35

10.00 0.02 31.00 870.00 1527.09

mean 0.02 28.40 844.60 1447.31

SD 0.00 2.55 53.90 117.72

Coefficient of 0.09 0.09 0.06 0.08
variation

Reproducibility 91.11 91.03 93.62 91.87
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6.12.2 CD68 continued

LP Area Célls Perimeter Célls/area

(mm2) (mm)
SR17510-CD3 1371.68

2.00 0.02 32.00 1.11 1516.59

3.00 0.02 33.00 1.21 1617.65

4.00 0.02 38.00 1.28 1759.26

5.00 0.02 36.00 1.22 1565.22

6.00 0.02 32.00 0.87 1600.00

7.00 0.02 36.00 1.27 1531.91

8.00 0.02 36.00 1.25 1565.22

9.00 0.02 38.00 1.24 1652.17

10.00 0.02 37.00 1.20 1644.44

mean 0.02 34.90 1.18 1582.41
SD 0.00 2.64 0.12 101.88
Coefficient of 0.06 0.08 0.10 0.06

variation

Reproducibility 94.48 92.43 89.71 93.56
Overall coefficient of variance Meal 0.05 0.06 0.06 0.06
Reproducibility 94.72 93.60 94.16 93.77

328



6.12.3 CD3

CD3 Epithelium Lamina Propria
Slide Count Epi Area (mm2) Cells Perimeter (um) Cells/area LP Area (mm2) Cells Perimeter (um) Cells/area
SR70-10-CD3 1.00 0.02 12.00 797.00 677.97 0.02 23.00 714.00 1314.29
2.00 0.02 12.00 809.00 677.97 0.02 21.00 715.00 1280.49
3.00 0.02 12.00 813.00 670.39 0.02 22.00 739.00 1301.78
4.00 0.02 12.00 827.00 655.74 0.02 21.00 723.00 1265.06
5.00 0.02 12.00 823.00 648.65 0.02 21.00 747.00 1242.60
6.00 0.02 12.00 829.00 634.92 0.02 19.00 723.00 1187.50
7.00 0.02 12.00 818.00 662.98 0.02 20.00 731.00 1142.86
8.00 0.02 12.00 825.00 659.34 0.02 21.00 751.00 1200.00
9.00 0.02 12.00 827.00 655.74 0.02 21.00 722.00 1213.87
10.00 0.02 12.00 805.00 670.39 0.02 22.00 745.00 1264.37
mean 0.02 12.00 817.30 661.41 0.02 21.10 731.00 1241.28
SD 0.00 0.00 10.89 13.52 0.00 1.10 13.62 54.43
Coefficient of variation 0.02 0.00 0.01 0.02 0.03 0.05 0.02 0.04
Reproducibility 97.93 100.00 98.67 97.96 96.88 94.78 98.14 95.62

329



6.12.3 CD3 Continued
Slide

Epi Area(mm2) Ceélls

Perimeter (um) Cellslarea LP Area(mm2)

Cdlls

Perimeter (um)

Cells/area

SR174-10-CD3

1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00

mean

SD

Coefficient of variation

Reproducibility

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.00
0.02
98.33

10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
0.00
0.00
100.00

752.00
758.00
765.00
766.00
766.00
762.00
766.00
733.00
769.00
759.00
759.60
10.62
0.01
98.60

526.32
523.56
510.20
518.13
518.13
510.20
520.83
526.32
500.00
510.20
516.39
8.55
0.02
98.34

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.00
0.03
97.40

17.00
19.00
24.00
22.00
22.00
22.00
22.00
21.00
22.00
22.00
21.30

1.95

0.09
90.86

970.00
928.00
906.00
908.00
931.00
894.00
898.00
925.00
902.00
905.00
916.70
22.73
0.02
97.52

809.52
859.73
1100.92
973.45
1013.82
964.91
1023.26
985.92
995.48
986.55
971.36
82.33
0.08
91.52
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6.12.3 CD3 Continued
Slide

SR270-10-CD3
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
mean
SD
Coefficient of variation
Reproducibility

Overall coefficient of variancklean

Reproducibility

Epi Area(mm2) Ceélls

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.00
0.04
96.13

0.03
97.47

21.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.10

0.32

0.02
98.43

0.01
99.48

Perimeter (um) Cellsarea LP Area(mm?2)

844.00
857.00
851.00
860.00
853.00
839.00
846.00
836.00
847.00
851.50
13.07
0.02
98.46

0.01
98.58

1169.59
1354.84
1250.00
1307.19
1298.70
1290.32
1273.89
1183.43
1257.86
1257.86
1264.37
55.56
0.04
95.61

0.03
97.30

0.07
0.07
0.08
0.08
0.08
0.07
0.07
0.08
0.07
0.08
0.00
0.02
97.85

0.03
97.38

Cdls

19.00
19.00
18.00
19.00
19.00
19.00
19.00
19.00
19.00
18.90

0.32

0.02
98.33

0.05
94.66

Perimeter (um)

641.00
642.00
639.00
647.00
634.00
639.00
658.00
654.00
642.00
642.90
8.03
0.01
98.75

0.02
98.14

Cells/area

255.38
260.27
237.15
250.66
250.00
258.15
256.76
243.28
254.35
251.21
7.28
0.03
97.10

0.05
94.75
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6.12.4 K167

Ki67 Epithelium superficial Epithelium deep
Slide Count Area Cells Perimeter cells/area  Count Area Cells Perimeter cells/area
(mm2) (um) (mm2) (um)
SR88-10-CD3 1.00 0.01 5.00 531.00 400.00 1.00 0.02 33.00 505.00 2037.04
2.00 0.01 5.00 556.00 354.61 2.00 0.02 31.00 506.00 2000.00
3.00 0.01 5.00 529.00 378.79 3.00 0.02 34.00 508.00 2098.77
4.00 0.01 5.00 578.00 335.57 4.00 0.02 35.00 511.00 2258.06
5.00 0.01 5.00 347.22 5.00 0.02 33.00 518.00 2037.04
6.00 0.01 5.00 550.00 362.32 6.00 0.02 32.00 522.00 1987.58
7.00 0.01 5.00 563.00 335.57 7.00 0.02 32.00 526.00 1963.19
8.00 0.01 5.00 557.00 340.14 8.00 0.02 35.00 509.00 2215.19
9.00 0.01 5.00 540.00 375.94 9.00 0.02 34.00 521.00 2060.61
10.00 0.01 5.00 538.00 364.96 10.00 0.02 34.00 521.00 2060.61
mean 0.01 5.00 549.11 359.51 mean 0.02 33.30 514.70 2071.81
SD 0.00 0.00 16.11 21.12 SD 0.00 1.34 7.69 95.86
Coefficient of 0.06 0.00 0.03 0.06 Coefficient of 0.02 0.04 0.01 0.05
variation variation
Reproducibility 94.26 100.00 97.07 94.12 Reproducibility 97.73 95.98 98.51 95.37
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6.12.4 K157 Continued

Area Cells Perimeter cellsarea  Count Cells  Perimeter cellsarea
(mm2) (um) (um)
SR196-10-CD3 1.00 0.01 0.00 490.00 0.00 1.00 0.01 22.00 474.00 1560.28
2.00 0.01 0.00 484.00 0.00 2.00 0.01 24.00 467.00 1690.14
3.00 0.01 0.00 506.00 0.00 3.00 0.01 25.00 466.00 1785.71
4.00 0.01 0.00 502.00 0.00 4.00 0.01 25.00 471.00 1851.85
5.00 0.01 0.00 506.00 0.00 5.00 0.01 24.00 472.00 1678.32
6.00 0.01 0.00 507.00 0.00 6.00 0.01 25.00 472.00 1773.05
7.00 0.01 0.00 0.00 7.00 0.01 24.00 471.00 1678.32
8.00 0.01 0.00 513.00 0.00 8.00 0.01 26.00 477.00 1805.56
9.00 0.01 0.00 507.00 0.00 9.00 0.01 26.00 466.00 1857.14
10.00 0.01 0.00 536.00 0.00 10.00 0.01 26.00 479.00 1793.10
mean 0.01 0.00 505.67 0.00 mean 0.01 24.70 471.50 1747.35
SD 0.00 0.00 14.60 0.00 SD 0.00 1.25 4.40 93.32
Coefficient of 0.03 0.03 Coefficient of 0.02 0.05 0.01 0.05
variation variation
Reproducibility 96.65 97.11 Reproducibility 98.02 94.93 99.07 94.66
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6.12.4 K157 Continued

SR39110-CD3 1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00

mean

SD

Coefficient of
variation
Reproducibility

Overall coefficient of variance Mean

Reproducibility

Area
(um2)

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.03

96.76

0.04

95.89

Cdlls

7.00
6.00
6.00
7.00
6.00
5.00
5.00
5.00
4.00
5.00
5.60
0.97
0.17

82.75

0.06
94.25

Perimeter

577.00
606.00
615.00
628.00
600.00
589.00
592.00
604.00

605.00
601.78
14.88
0.02

97.53

0.03
97.23

cells/area

800.00
650.05
652.88
760.87
653.59
558.04
568.83
535.91
459.77
518.67
615.86
107.84

0.18

82.49

0.08
92.21

Count

1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00

mean

SD

Coefficient of

variation

Reproducibility

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.04

95.73

0.03
97.16

Cdlls

29.00
29.00
27.00
29.00
28.00
29.00
26.00
25.00
30.00
29.00
28.10

1.60

0.06

94.32

0.05
95.08

Perimeter
(um)

555.00
601.00
593.00
605.00
648.00
618.00
629.00
613.00

611.00
608.11
25.66
0.04

95.78

0.02
97.78

cells/area

2843.14
2929.29
3040.54
3251.12
3001.07
3065.54
2699.90
2564.10
3141.36
3059.07
2959.51
207.03
0.07

93.00

0.06
94.35
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