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Summary

Glucocorticoids are the mainstay of treatment in managing an acute flare in
Inflammatory Bowel Disease as well as an acute relapse of disease. The
primary objective of this dissertation has been to expand upon the current
understanding of steroid metabolism in IBD patients overall, and in
particular, to try and provide a better understanding of steroid resistance
amongst IBD patients and to build upon the current knowledge of
mechanisms underlying resistance. We have demonstrated that despite
advancements in IBD therapeutics over the years, steroid resistance remains
significant at 22% and we have accurately identified and reaffirmed clinical
predictors of GCS failure including an elevated CRP, significant anaemia,
hypoalbuminaemia, severe endoscopic disease and extensive disease.
Indeed, major clinical trials like the SONIC trial supports the lack of
concordance between clinical remission and concurrent endoscopic
inflammation which strengthens the argument to use objective markers of
inflammation such as those outlined above?. In addition, we have also shown
the potential use of an immunomodulator may reduce rates of steroid
resistance. Early recognition of these critical clinical indicators of
corticosteroid failure may avoid prolonged corticosteroid exposure and
allow for earlier introduction of rescue therapies and improve overall
outcomes for the patients.
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The underlying molecular mechanisms of corticosteroid resistance in the
literature to date have been explored. Possible explanations of resistance
including alterations relative to tissue cortisol metabolism including
alterations in the glucocorticoid receptor (GR), reduced affinity of the ligand
for the GR, reduced affinity of the GR to bind DNA and altered expression
of transcription factors and/ or cytokines have all been examined in detail.
In addition, this dissertation has outlined that in addition to the hypothalamic
pituitary adrenal axis, tissue control of cortisol is under the control of the
11B-HSD enzyme system. 11p3-HSD 1 activates cortisol at a tissue level and
11B-HSD 2 inactivates cortisol. This enzyme system in relation to IBD has
been explored and attempts have been made to build upon the understanding
of the role and regulation of the 11B8-HSD enzyme system and cortisol
metabolism amongst IBD subjects. Our initial data concluded that 11[3-
HSD2 gene expression was downregulated in patients with IBD with an
increased 11B-HSD 1:2 ratio correlating with inflammatory activity in IBD
patients. We hypothesised that potential dysregulation in this pathway may
contribute to our understanding of GCS resistance amongst IBD patients.
We later went on to examine the role 113-HSD enzyme system specifically
amongst steroid responders and non-responders. We identified that resistant
subjects demonstrated reduced levels of 113-HSD1, H6PDH and GR with

an apparent upregulation of inflammatory cytokines compared with



responders. Our results suggest a potential role for alternative GCS use
amongst IBD patients such a dexamethasone whose metabolism is less
influenced by the 11B-HSD enzyme system. Further work on mechanisms
GR upregulation and increased 11B-HSD1 expression may provide a

potential therapeutic pathway to overcome Glucocorticoid resistance.
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Chapter 1: Introduction

1.1 Inflammatory Bowel Disease

1.1.1 General Overview

Inflammatory bowel disease (IBD) is a chronic relapsing immune mediated
condition which is commonly classified as either Crohn’s disease (CD) or
ulcerative colitis (UC). About 10% of colitis cases are not initially
distinguishable and are termed indeterminate. Although CD can more
commonly affect the terminal ileum (TI), it can potentially involve any
region of the gastrointestinal tract (GIT), from the mouth to the rectum of
the affected individual. Crohn's disease can often be a segmental disease
which can be associated with penetrating complications such as stricture
formation, fistulae as well as ulcers, and granulomas in the bowel mucosa
(Figure 1.1). UC generally only involves the large intestine and typically
manifests as a continuous colitis. Clinical manifestations of IBD can include
diarrhoea or bloody diarrhoea, malnutrition, abdominal pain, and weight
loss?2. Other extraintestinal complications can include arthropathies,

ophthalmic and dermatological manifestations®. The diagnosis of IBD can
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involve a combination of clinical, biochemical, endoscopic, radiological,

and histological domains.

Figure 1.1 Endoscopic views of inflamed intestinal mucosa in IBD

1.1.2 Prevalence and Incidence

At the turn of the 21st century, the prevalence of IBD remains high at 0.3%,
with an accelerating incidence* in newly industrialised countries whose
societies have become more westernised®. A recent systematic analysis
published in the lancet reported 6-8 million cases of IBD globally in 2017°,
The age-standardised prevalence rate increased from 79-5 per 100 000
population in 1990 to 84-3 per 100 000 population in 2017°. Additionally,
an epidemiological study of an Irish cohort of paediatric patients in 2017
also demonstrated incidences of early onset IBD (EO-IBD, <10 years) are
also on the rise®. The incidence of EO-1BD increased by 0.6 per 100 000
per year, with a significant increase in UC by 0.06 per 100 000 per year.

This study also demonstrated that male patients have more extensive and
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severe disease phenotypes, and younger patients have higher relapse rates
than older children®. IBD potentially can affect people of all ages but
usually begins before age 30, with peak incidence from 14 to 24. It can also

have a second smaller peak between ages 50 and 70”.

1.1.3  Pathogenesis

The pathogenesis is generally considered multifactorial with different
environmental, genetic, immune, and gut microbial mediated factors all
hypothesized to play an interactive role "8 Although not completely
understood, it is suggested to be a result of an uncontrolled immune response
to a trigger in genetically prone individuals®. For example genetic
susceptibility has been observed to play an important role in the pathogenesis
of CD, with a five-fold increased risk reported amongst first-degree relatives
of affected individuals %!, Excessive production of local inflammatory
cytokines such as IL-12, IL-17, TNF-a, and IFN-y, has also been implicated
in the chronic intestinal inflammation observed in CD patients 213,
Dysregulation in the body’s microflora has also been hypothesised as a
potential trigger in driving the proinflammatory cascade which occurs in
IBD®. A number of environmental factors such as smoking, appendicitis,
Oral  contraceptive  pill  (OCP) use, diet, breastfeeding,
infections/vaccinations, antibiotics, helminths, and childhood hygiene, have

all been implicated as potential triggers in IBD pathogenesis 4.
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There are recognisable pathological distinctions between UC and CD.
Typically, CD features transmural inflammation involving the whole
thickness of the bowel wall, skip lesions often with rectal sparing and an
inflammatory response which is associated with lymphoid aggregates and
granulomas *°. Overtime recurrent transmural inflammation can result in
fibrosis resulting in obstructing complications such as strictures, which are
quite distinguishable from UC. Penetrating complications are perhaps
associated with a more severe phenotype of CD, and often result in the
development of abnormal fistulous tracts between bowel segments and other
potential organs ° with often considerable implications on# patient care and

quality of life (QOL).

Conversely UC typically demonstrates a continuous pattern of submucosal
inflammation with inflammation typically beginning in the rectum and
extending proximally. Like CD, UC patients will experience periods of
relapse and remission. Reports of up to 90% relapse rates after the first attack
are reported in the literature and early relapse or active disease in the first

2 years is associated with a worse disease course subsequently’-1°,

1.1.4 Phenotypic classification and disease activity scoring

Disease activity in IBD is determined using several different assessment

tools which incorporate clinical, endoscopic, histological, and sometimes
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biochemical parameters. The Montreal classification? in adults and Paris
classification? in children (Tables 1.1 &1.2) are widely used to outline key
phenotypic features of patients with UC and CD*®. These classifications are
widely employed in day-to-day clinical practice as well as research fields.
The Montreal classification incorporates age of onset of disease (A), disease

location (L) and disease behaviour (B) for both UC and CD.

Table 1.1 Montreal and Paris classification in UC

Montreal® Paris?
Extent* | E1 | Ulcerative proctitis E1 | Ulcerative proctitis
E2 | Left-sided UC (distal to E2 | Left-sided UC (distal to
splenic flexure) splenic flexure)
E3 | Extensive (proximal to E3 | Extensive (hepatic flexure
splenic flexure) distally)

E4 | Pancolitis (proximal to
hepatic flexure)

Severity | SO | Clinical remission SO | Never severet

S1 | Mild uC S1 | Ever severef

S2 | Moderate UC

S3 | Severe UC

*Extent defined as maximal macroscopic inflammation.

7Severe defined by Paediatric Ulcerative Colitis Activity Index (PUCAI) >65

30




Table 1.2 Montreal and Paris classification in Crohn’s disease

Montreal?° Paris?!
Age at Al | <17 Ala |<10
diagnosis
(years) Alb | 10-17
A2 | 17-40 A2 17-40
A3 | >40 A3 >40
Location L1 | Terminal L1 Distal 1/3
ileal+limited caecal ileumzlimited caecal disease
disease
L2 | Colonic L2 Colonic
L3 | Ileocolonic L3 Ileocolonic
L4 | Isolated upper L4a . .
di PP Upper disease proximal to
isease i :
ligament of Treitz
L4b | Upper disease distal to
ligament of Treitz and
proximal to distal 1/3 ileum
Behaviour | B1 | Non-stricturing, non- | B1 Non-stricturing, non-
penetrating penetrating
B2 | Stricturing B2 Stricturing
B3 | Penetrating B3 Penetrating
B2B3 | Both penetrating and
stricturing disease, either at
the same or different times
P | Perianal disease P Perianal disease modifier
modifier
Growth Go No evidence of growth delay
G1 Growth delay
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Additionally, the Mayo Score for UC (Table 1.3) is a disease assessment
tool which incorporates clinical and endoscopic parameters when
determining disease severity?2. The score of 0—12 measures stool frequency,
rectal bleeding, a physician’s global assessment and a measure of mucosal
inflammation at endoscopy!’. The partial Mayo score is a non-invasive
measure of clinical activity and has been shown to demonstrate comparable
accuracy in determining patient perceived disease activity and response?. It
essentially includes all the parameters used in the full Mayo score but does
not require endoscopic assessment. Clinical response is determined by
reduction of baseline Mayo score by >3 points and a decrease of 30% from
the baseline score with a decrease of at least one point on the rectal bleeding
subscale or an absolute rectal bleeding score of 0 or 122, Clinical remission

is defined as a Mayo score <2 and no individual subscore >1%2,



Table 1.3 Mayo score for Ulcerative Colitis®®

Mayo index |0 1 2 3
Stool Normal | 1-2/day more 3-4/day more 5/day more than
frequency than normal than normal normal
Rectal None Streaks of blood | Obvious blood Blood passed
bleeding with stool with stool most | without stool
<50% of the of time
time
Mucosa Normal | Mild disease Moderate Severe disease
(endoscopic | or (erythema, disease (marked | (spontaneous
subscore) inactive | decreased erythema, lack | bleeding,
disease vascular of vascular ulceration)
pattern, mild pattern,
friability) friability,
erosions)
Physician’s | Normal | Mild disease Moderate Severe disease
global disease
assessment

*Disease activity: Mild 3-5; Moderate 6-10; Severe 11-12.

Similarly, the Harvey-Bradshaw index (HBI) is a comparable, simple, and

reliable clinical assessment tool used in CD. This score considers five

parameters: patient well-being, abdominal pain, stool frequency, presence of

an abdominal mass or complications (Table 1.4). Clinical response is

typically defined as HBI<3 or a 30% reduction from index scores. A HBI
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score <4 is often used to define clinical remission?. There are several
endoscopic scoring systems employed for CD endoscopic assessment. The
Crohn’s Disease Endoscopic Index of Severity (CDEIS)? and the Simplified
Endoscopic activity Score for Crohn’s disease (SES-CD)?are the two most
frequently used, particularly when it comes to clinical trials. Both are used

to assess for complete mucosal healing as an endpoint in clinical trials'’.

Table 1.4 Harvey Bradshaw Index for Crohn’s Disease?

General well being

O=very well

1=slightly below average

2=poor

3=very poor

4=terrible

Abdominal pain

0=none

1=mild

2=moderate

3=severe

Number of liquid stools per day

0=0-1

1=2-3

2=4-5

3=6—-7

4=8-9

5=10+

Abdominal mass

0=none

1=dubious

2=definite

3=tender

Complications

Arthralgia, uveitis, erythema nodosum, aphthous ulcers,

pyoderma gangrenosum, anal fissures, new fistulas, abscesses (1 point for each)

34




*Disease activity: <4 remission, Mild 5-7, Moderate 8-16, Severe>16

1.1.5 Biomarkers of inflammation and disease activity in IBD

Objective biochemical markers of disease activity provide a non-invasive
means of monitoring disease activity amongst IBD patients. Previously
biomarkers such as C-reactive protein (CRP), serum albumin and faecal
calprotectin have all been shown to correlate with both clinical and
endoscopic disease activity. For example, Solem et al. demonstrated that in
CD patients, moderate-severe clinical activity (Odds Ratio (OR), 4.5) ,
active disease at colonoscopy (OR, 3.5), and histologically severe
inflammation (OR, 10.6) were all significantly associated with CRP
elevation?’. Furthermore, in UC patients, CRP elevation was also
associated with severe clinical and endoscopic activity but not with
histological inflammation. They also noted there was a correlation between
worsening disease activity, anaemia and hypoalbuminaemia and CRP?%. In
another study, a high baseline CRP (>50 mg/L) and a low serum albumin
(<35 g/L) which were representative of severe disease activity,
independently correlated with reduced infliximab concentrations from

week 0-6, amongst UC patients with moderate-severe disease?.

Faecal calprotectin is a useful first line investigative tool to use in patients
presenting with gastrointestinal symptoms and a normal value has been
shown to have a very high negative predictive value for diagnosing IBD%.
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In more recent years faecal calprotectin has become a reliable marker of
disease activity in patients with established IBD and in particular for
detection of early recurrence. For example, in the in the POCER trial,
faecal calprotectin with a level >100 pg/g stool, correlated well with
endoscopic recurrence in CD patients with an overall sensitivity of 89%
and negative predictive value of 91%%. The TOPPIC trial also
demonstrated correlation between faecal calprotectin and clinical
recurrence of CD3L. Furthermore, a study by Cassinotti et al. in 2017
showed that despite also investigating the use of full blood count (FBC),
CRP and protein electrophoresis at 3 month intervals, faecal calprotectin
remained the only reliable indicator of clinical relapse upon cessation of

azathioprine in both UC and CD patients®,
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1.2 Management of IBD and Treatment options

1.2.1 General Overview

Given the heterogeneity of IBD, the degree of symptomatic and
inflammatory burden varies from patient to patient. Thus, optimal medical
management of IBD has increasingly required a multifaceted and
individualized approach to patient care . IBD therapy has progressed
significantly in the last number of years and developments in both
pharmacological and non-pharmacological options, as well as surgical
techniques continue to advance daily. Treatment goals overall are directed
towards; improving patient QOL, disease maintenance and remission,
prevention and minimalization of disease associated complications, avoiding
disease related malnutrition as well as providing adequate psychosocial

support for these patients throughout their lifetime33,

More recently, a treat-to-target approach, involving close monitoring of
specific and objective measures of inflammation, has been advocated for
IBD to improve long-term patient outcomes and reduce the need for
surgeries®+*°. Treatment decisions are influenced by a number of disease and
patient related characteristics including disease phenotype, extent and

severity, age of onset, gender, serology and sometimes even genetic
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markers®. These factors guide clinician decisions regarding the need for
more aggressive therapeutic strategies in those high-risk individual patient
groups. For example, an increased adoption of a “top-down approach” has
seen an early introduction of biologic agents, often in combination with
immunomodulators, for more complex and aggressive disease phenotypes®’.
Patients with extensive UC often require this approach, as colectomy rates
are higher in patients with more extensive disease. A systematic review
showed that the 10 year colectomy rate is 19% for those with extensive
colitis, 8% with left-sided colitis and 5% with proctitis; and male gender,
young age and elevated inflammatory markers at diagnosis also increase the

likelihood of colectomy®,

The ultimate treatment target for IBD patients has been extensively debated
amongst expert groups and to date no consensus has been agreed upon
regarding the definition of disease remission. Multiple definitions have been
suggested however which include clinical, endoscopic, or even histological
parameters. Variations exist amongst rates of remission depending upon
which parameter is used. Utilising mucosal healing has been challenged in
the past as it often places increased pressure on services in clinical practice
with the need for more regular endoscopic assessment and potential for
treatment escalation in asymptomatic individuals®®. More recently,

histological remission has been utilised as a primary end point in a lot of the
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newer clinical trials but opinions on the precise definition on histological
remission varies®®!, However, increasing evidence suggests that the
persistence of endoscopic and histological disease activity correlate with
elevated risks of disease relapse, increasing need for corticosteroids as well
as surgery*>*. I1BD is associated with an increased incidence of colorectal
cancer with a younger median age of onset compared with sporadic
colorectal cancer*Mucosal healing has been shown to reduce the risk of

colorectal cancer in these patients*

1.2.2  5-aminosalicyclates (5-ASA)

5-aminosalcyclates are among one the first line therapies used in IBD.
Although their mechanism of action is not entirely understood, they have
been shown to have anti-inflammatory effects in IBD and rheumatological
disorders. Meta-analyses support the use of oral 5-ASA as a standard
induction therapy of mild to moderately active UC**°. Remission rates over
90% have been reported in cases of mild-moderate distal or left sided
disease®. They predominantly exert their anti-inflammatory effects in the
large bowel, and they do not typically have a role in the management of CD.
A Cochrane systematic literature review showed that oral 5-ASA has no

efficacy in maintaining clinical remission in Crohn’s disease®. The
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ASCEND trials demonstrated that UC patients with more severe disease
benefited from a higher dose of 4.8g/day compared with those with milder
disease, achieving similar response rates with the reduced rate of 2.4g°>->4,
Following initiation of oral 5-ASA, 10-30% of patients are in symptomatic
remission at week 2, 30-45% by week 4 and 35-50% by week 8-,
Superior response rates are noted when oral and topical 5-ASA therapies are
combined even in patients with extensive disease®®. A recent Cochrane
analysis advocated maintenance 5-ASA therapy in UC patients at doses > 2g
to reduce relapse rates and sustain remission*®. Despite multiple
formulations of 5-ASA on the market no single agent has been advocated as
more efficacious and preferences are often driven by patient selection and
tolerance. In addition to its anti-inflammatory properties, 5-ASAs have been
shown to reduce the risk of colorectal cancer in IBD patients®®. A systematic
review by Bonovas et al. in 2017 supported the chemopreventive effects in
IBD noting a strong reduction in colorectal neoplasia in UC (RR =0.50, 95%
Cl: 0.38-0.64), but nonsignificant in Crohn's disease (RR = 0.76, 95% CI:
0.43-1.33). Furthermore, they noted mesalazine use was protective (RR =

0.70, 95% CI: 0.51-0.94) with evidence of a dose-effect®:,

1.2.3 Immunomodulators in IBD
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Thiopurines such as Azathioprine (AZA) and its pro-drug 6-mercaptopurine
(6-MP) are some of the most consistently used treatments to maintain disease

remission in IBD%283, A 2016 Cochrane review by T

immer et al. included 232 UC patients from four maintenance studies of
azathioprine versus placebo and showed a benefit of azathioprine over
placebo (44% vs 65% failure rate, respectively, RR 0.68, 95% CI 0.54 to
0.86)%. Although meta-analyses continue to support thiopurine use in
maintenance care in UC, longer term data however does not recommend
their use as a treatment option for induction of remission in UC patients®.
This is explained largely by the fact that it can take up to 3 months before

the full therapeutic effects are felt.

The British Society of Gastroenterology (BSG) have recently updated their
guidelines on the management of IBD and a strong recommendation has
been issued for thiopurine use for maintenance of remission in CD patients?’.
They can be used as monotherapy or in combination with a biologic agent
as a “top down” treatment approach in patients with more severe disease.
The SONIC trial has shown that the combination of infliximab and
azathioprine is superior to infliximab alone for the induction and
maintenance of remission in early CD . Studies have also demonstrated
that they may have a role in reducing recurrence rates postoperatively for

small bowel CD patients®’. There are considerations however, in relation to
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potential side effects, duration of therapy and appropriate patient selection

when considering thiopurines.

Methotrexate is an alternative option to thiopurines for maintaining
remission in CD patients. A dose of at least 15mg per week is
recommended!’. Feagan et al.%® showed increased clinical remission rates
compared with placebo at 16weeks, with reduced prednisolone
requirements in patients receiving intramuscular methotrexate 25 mg weekly
with chronic active CD despite at least 3 months of prednisolone therapy.
Additionally, a retrospective cohort study by Kopylov et al. which included
118 patients, showed benefit of methotrexate in both induction and
maintenance treatment for CD, with steroid-free remission being achieved
in 37.2% of patients, and maintained relapse-free in 63.6% for a median of
12 months . Superior efficacy with subcutaneous (SC) methotrexate has
been consistently reported and initiation of therapy via subcutaneous route
is recommended initially. Patients can switch to oral treatment during later

maintenance stages.

1.2.4 Anti-Tumour Necrosis Factor-alpha therapy

Biologic therapy with anti-Tumour Necrosis Factory-alpha (TNF-a)
blockers has revolutionized the therapeutic management of IBD. Tumour

Necrosis factor-alpha (TNF-a) is a key inflammatory cytokine involved in
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the inflammatory cascade that is triggered in IBD . TNF-a levels have been
shown to be increased in IBD patients and higher concentrations have been
noted in the intestinal mucosa and lumen’ 72, Biologic therapies such as
infliximab, adalimumab and golimumab are some of the more commonly
used antibody agents which directly target TNF-a, and they play an essential

role in altering the natural history of IBD for many patients.

Infliximab is an infusion based chimeric mouse/human monoclonal antibody
which is given at a typical dose of 5mg/kg at week 0, week 2 and week 6 at
induction. Depending on response rates maintenance intervals can range
from 4-8 weekly intervals. In certain situations, accelerated infliximab may
be required and this method has been shown to be both safe and efficacious
in the past in select patient cohorts”®. UC patients have shown superior
response rates at induction (67% vs. 33%) as well as sustained maintenance
remission rates (30% vs. 13%), when compared with placebo in both the
ACT1 and ACT2 clinical trials™. Additionally, Of the patients who were
receiving corticosteroids at baseline, approximately 22 percent of patients
treated with infliximab had discontinued corticosteroids by week 30 among
269 patients in both studies or by week 54 among 143 patients in ACT 1
while maintaining clinical remission’. Similarly, cohort studies have
demonstrated steroid free remission rates of 47% for UC patients treated

with infliximab and up to 77% of patients were colectomy free at 41.5
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months "¢, Again, superior efficacy rates were noted in those patients who
received combination therapy with an immunomodulator. The ACCENT I
trial also demonstrated the efficacy of infliximab as an induction and
maintenance therapy in patients with active luminal CD with response rates
of 58 % and 39% at induction and maintenance intervals, respectively’”.
Additionally, this trial also demonstrated that patients on corticosteroids who
received maintenance infliximab were able to reduce steroid use, and a third
of these patients were able to stop steroids with maintenance of clinical

benefit’’.

Adalimumab (ADA) is SC fully humanised monoclonal antibody and it too
has proven efficacy in both establishing and maintaining remission in IBD
patients. Remission rates of 19% vs. 9% (UC vs. placebo) at week 8, and
sustained remission rates of 22% vs. 12% at week 52, were demonstrated in
the ULTRAL and ULTRAZ trials, which looked at the use of ADA in
moderate-severe active UC patients’®’®. Overall, steroid free remission rates
were recorded at 13.3 % at week 52 in the adalimumab group compared with
5.7% in the placebo group, p=0.03%°. Longer term remission rates remained
at 25% at year 4 in the ULTRA 3 trial®.. The CLASSIC I study in moderate
to severe Crohn’s disease naive to anti-TNF therapy showed remission was

achieved in 36% of patients receiving standard induction ADA dosing
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compared with 24% in placebo®. Maintenance of clinical remission was
achieved by 36% of subjects who receive fortnightly 40mg SC ADA at week
56 in the In the CHARM study®3. At week 56, 6%, 29%, and 23% of patients
treated with placebo, adalimumab 40 mg every other week, and adalimumab
40 mg weekly, respectively, achieved corticosteroid-free remission®s,
Golimumab is the latest subcutaneous anti-TNF-o antibody agent to be
licensed for use in UC. The is no efficacy with CD. The PURSUIT-SC study
demonstrated response rates at week 6 were 51% and 54.9% amongst
patients receiving 200mg/100mg and 400mg/200mg golimumab,
respectively vs. 30.3% of those in the placebo arm of the study®*. Sustained
remission has been demonstrated in a follow-up study in patients with

moderate to severe UC®°,

In recent years therapeutic drug monitoring has been encouraged as a means
of optimising therapy and early identification of treatment failure and poor
compliance amongst patients. This involves the measurement of drug and
drug antibody levels to guide the need for dose adjustments, detection of
immunogenicity and potentially switch drug therapy if patients are relapsing
despite an optimal detected drug level. In addition, if significant antibodies
are detected, addition of immunomodulators or dose escalations may be
employed to reduce drug antibody levels. Drug levels can vary depending

on the assay used and varied opinions exist regarding the optimal therapeutic
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targets, especially in patients with more severe phenotypic features of
disease. Therapeutic drug monitoring has been shows to be very effective in

clinical practice®.

1.2.5 Other Biologic agents

Although anti-TNF-a agents play an integral role in IBD management, due
to increasing immunogenicity and resultant loss of response newer biologic
agents which target alternative molecules involved in the inflammatory

cascade have emerged in recent years.

Ustekinumab

Ustekinumab is a monoclonal antibody to the p40 subunit of interleukin-12
and interleukin-23 and has been evaluated in the UNITI and IM-UNITI
studies in patients with CDY’. UNITI-1 enrolled patients who had prior anti-
TNF failure, either as result of intolerance or primary/secondary loss of
response (LOR). The week 8 clinical response rates were 37.8% in those
receiving Ustekinumab 6 mg/kg, 33.5% with 130 mg and 20.2% with

placebo®. UNITI2 enrolled patients who were anti-TNF naive and response
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rates at week 8, were 57.9% for 6 mg/kg, 47.4% for 130 mg and 32.1% for
placebo (p<0.001 vs both doses). The UNITI-IM study later went on to show
that 41.1% of subjects were still in remission at week 44 on Ustekinumab
90 mg subcutancously 8-weekly compared with 26.2% on placebo. In
addition, steroid free remission rates were statistically higher in the
Ustekinumab treatment groups compared with controls at week 52, 46% vs.
29%, p=0.04.8" More recently, data presented in abstract form from the
UNIFI trial, examined the use of Ustekinumab as induction and maintenance
therapy in moderate to severely active UC in adults who had failed or were
intolerant to alternative therapies including corticosteroids, anti-TNF agents,
anti-integrins and immunomodulators. Week 8 remission rates were as
follows: 15.6% on 130 mg IV Ustekinumab, 15.5% on the approximately

6 mg/kg IV dose and 5.3% on placebo (p<0.001)88,

Vedolizumab

Vedolizumab is one of the newer monoclonal antibodies licensed for use in
UC and CD as a first or second-line therapy. It blocks the binding of the
adfB7 integrin  to the mucosal addressin cell adhesion molecule-1
(MAdJCAM-1) in gut-selective tissue resulting in anti-

inflammatory activity®®. One of the major advantages of ant-integrin

47


https://en.wikipedia.org/wiki/Anti-inflammatory
https://en.wikipedia.org/wiki/Anti-inflammatory

therapies such as vedolizumab is that they are gut selective. They therefore
do not carry the same potential for systemic infections that alternative

biologics such may carry.

Vedolizumab has been demonstrated as effective in inducing and
maintaining remission in the GEMINI studies for both UC and CD %92, CD
patient outcomes were better at week 10 of treatment with TNF-naive
patients responding better (48.4% on vedolizumab vs 30.1% on placebo)
compared with those with prior TNF-failure (39.7% on vedolizumab vs
22.5% on placebo)®®. Remission rates at week 10 were also better for TNF-
naive patients (26.6% on vedolizumab vs 15.4% on placebo) compared with
those with prior TNF-failure (21.8% on vedolizumab vs 11.0% on placebo).
Week 52 clinical remission was maintained in 39% of patients receiving 8-
weekly infusions and 36.4% of patients receiving 4-weekly infusions vs.
21.6% of patients in the placebo group®. Additionally, glucocorticoid-free
remission at week 52 were higher among patients receiving vedolizumab
every 8 weeks or every 4 weeks than among CD patients who were
switched to placebo. GEMINI1 also demonstrated vedolizumab as an
effective treatment in UC patients with prior exposure to anti-TNFs although
outcomes were also superior in those who were anti-TNF
naive®. Vedolizumab responders also appear to maintain response, with

long-term follow-up data from the GEMINI-2 study 83% of responders at
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week 6, were in remission after 2 years and 89% after 3 years®?. Overall
steroid free remission rates were 31.4% of the patients who received
vedolizumab every 8 weeks and 45.2% of those who received
vedolizumab every 4 weeks, as compared with 13.9% of patients who

received placebo®.

Tofacitinib

Tofacitinib is the latest drug therapy used in the management of UC. Itis an
oral, partially selective Janus kinase (JAK) inhibitor which works
intracellularly to inhibit JAK-dependent cytokine signalling. JAK1 and
JAK3 mediate the intracellular effects of several inflammatory cytokines,
which are the major therapeutic targets of the drug and their inhibition
results in downregulation of the immune and inflammatory response® . The
major clinical trials which have demonstrated tofacitinib’s effectiveness in
inducing and maintaining remission in patients with UC include the
OCTAVE 1 and 2 trials and the OCTAVE Sustain trial®®. Real-world
experience demonstrated by Weisshof et al. also demonstrated efficacy. In
this cohort of patients with moderate-to-severe, anti-TNF resistant IBD (53
UC, 4 CD, 1 pouchitis), tofacitinib induced clinical response in 69% of the
patients, 27% were in clinical, steroid-free remission by 1 year®. One of the

major limitations of this therapy however is the potential association with
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venous thromboembolism and its use is therefore contraindicated in patients
on combined hormonal contraceptives or hormone replacement therapy,
previous venous thromboembolism, either deep venous thrombosis or
pulmonary embolism, inherited coagulation disorders, active malignancy or

patients undergoing major surgery.

1.2.6 Role of Ciclosporin

Ciclosporin is a calcineurin inhibitor selectively inhibiting T-cell mediated
IL-2 production; an inflammatory cytokine involved in the inflammatory
response which occurs in IBD. Ciclosporin and infliximab are two potential
medical options used as rescue therapies in the treatment of acute, severe UC
(ASUC). A RCT conducted by Van Aasche et al. in 2006 reported response
rates of 82% with 2mg/kg intravenous ciclosporin in ASUC patients®’.
However, long term colectomy rate still varies between 60-88% among
patients in whom Ciclosporin initially induced remission®. During the initial
stages of intravenous dosing, target trough ciclosporin concentration of 150—
250 ng/mL should be targeted®. Responders should later receive an oral
dose in divided doses, with a target trough concentration of 100200 ng/ml.
The major limiting factor for ciclosporin use is the potential for toxic side

effects. Significant side effects in the form of serious infections have been
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reported as 5% and potential mortality of 1-39%%8190.101- Qther major adverse
events related to ciclosporin use include nephrotoxicity (6.3%), seizures
(3.6%), anaphylaxis (0.9%) and death (1.8%)%. In spite of this, with
appropriate patient selection it remains a viable rescue therapeutic option for

ASUC patients.

1.3 Corticosteroids and IBD

Corticosteroids (CS) or glucocorticosteroids (GCS) are a potent non-
selective anti-inflammatory treatment used in multiple autoimmune
conditions to downregulate systemic inflammation. They are highly
effective in inducing remission in IBD and have been the mainstay of the
acute management of IBD flare-ups since the 1950s!2, Disease extent and
severity are important variables when it comes to decisions relating to CS
administration. Variations in CS formation, route of administration,
treatment duration as well as the potential for significant side effects, are all
important considerations when prescribing CS. A summary of first- and
second-generation GCS can be found in Table 1.5. Prednisolone is one of
the most prescribed oral systemic CS and has been shown to be superior to
5-ASA for induction of remission in UC patients!®1%, However, in an effort
to minimise steroid exposure, patients with mild-moderately active UC are

only recommended to receive a course of oral prednisolone if they have
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failed or have been intolerant to induction therapy with topical or systemic

5-ASAY,

Table 1.5 Summary of Glucocorticoids of 1% and 2"

generation®

Glucocorticoids | Component Indications
1t generation Prednisone Moderate to Severe
IBD
Methylprednisolone Moderate-Severe IBD
Hydrocortisone Moderate-Severe IBD

Short Duration

2"d generation | Budesonide Moderate CD cases
Budesonide MMX Mild to moderate UC
cases

Beclomethasone dipropionate Topical administration

Erythrocyte - Mediated In research for long
Delivery of Dexamethasone term treatments
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Previous meta-analysis of multiple randomised controlled trials (RCT)
demonstrated CS to be superior at inducing remission in UC patients
compared with placebo®. Additionally, previous studies suggested a dose
of 40mg superior to 20mg, and higher doses of 60mg/day were associated
with greater side effects such as skin changes, insomnia, mood disturbance,
glucose intolerance, osteoporosis, increased risk of cardiovascular disease,
higher rates of infection etc'%%1%7. Countless side effects relating to continued
or repeated exposure to CS are well established in the literature with the
potential for significant impact on a patient’s QOL. Treatment should

therefore ideally be weaned over a period of 6-8 weeks.

Figure 1.2: Glucocorticoid compound
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In recent years more locally acting oral CS have been developed to avoid
systemic side effects. Locally acting budesonide MMX (multi-matrix
system), ileal-release budesonide and beclomethasone dipropionate are
potential options. A Cochrane review which looked at the use of budesonide
MMX as an induction option for mild-moderate UC concluded that the
quality of evidence was moderate, and benefit was considerable for those
with left sided disease but benefit for those with more extensive disease was
unclear'®, Steroid suppositories are an effective option for patients with
more limited disease such as ulcerative proctitis, but they are generally
reserved for patients who are intolerant to or who fail 5-ASA therapy®.
Previous trials have also demonstrated that daily ileal-release budesonide
9mg given for 8 weeks was as effective as systemic oral prednisolone in
patients with mild-moderately active ileo-caecal CD, with response rates of
51% and 52.5% at 8 weeks for budesonide and prednisolone
respectively, however significantly fewer side effects were noted in the
budesonide group!'®. Benefits for more proximal colonic disease in CD has
been noted but no benefits have been reported for distal colonic Crohn’s
activity°,

Patients with more moderate-severe UC should be considered for oral
systemic CS such as prednisolone 40 mg daily weaning over 6-8 weeks'’.

Oral prednisolone is generally continued in those patients with acute severe
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disease requiring hospital admission who may have responded initially to
intravenous (IV) CS until maintenance treatment has been established. As
well as UC, systemic CS such as prednisolone are also effective in inducing
remission in mild-severely active colonic CD13  Benchimol et al.
demonstrated CS to be significantly more effective than placebo at inducing

remission in CD patients (RR 1.99; 95% CI 1.51 to 2.64; P < 0.00001)*1,

Severe UC can be determined based on the Mayo Score outlined above or
clinical parameters such as fever, tachycardia, stool frequency, elevation of
inflammatory markers or anaemia as outlined by the Truelove and Witts
criterial'®. Figures suggest up to 25%-30% of UC patients will require
hospitalisation for management of an acute severe flare throughout their
lifetime and IV CS, mainly in the form of hydrocortisone, play an integral
role in avoiding surgery in these patients'®. Hydrocortisone 100mg IV four
times a day or methylprednisolone 60mg once daily are the recommended
IV CS to be used for ASUC. Response rates to steroids reviewed during a
systematic review of 1991 ASUC patients were reported at 67% , with 29%
of patients requiring a colectomy!®. Alarmingly mortality rates were
reported at 1%. The CONSTRUCT trial which compared the efficacy of
infliximab and ciclosporin as rescue therapy for ASUC reported no
significant differences in response rates between the two but did conclude

steroid response rates overall were 49%%. Treatment response determined
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by clinical and biochemical markers should generally be assessed at day 3
of IV corticosteroids to ascertain if salvage medical or surgical therapy is
required!'®. Therapy exceeding 7-10 days has been shown to have no

additional benefit and carries a greater risk of adverse eventst’:118,

Appropriate and timely decision-making is therefore integral in order to
avoid delays or prolongation of medical therapy, as those patients with
refractory medical disease and undergoing colectomy have higher rates of

postoperative complications after delayed surgery!?8,

1.4 Steroid Dependence and Refractory Disease

It is important to note that whilst CS have a vital role in inducing remission
in IBD patients, they are not an appropriate maintenance treatment
strategy’®. As outlined above prolonged steroid use can be associated with
significant side effects and it is often defined as continuous use for 3 months
or more. Indeed even 2 or more courses of CS can be considered as steroid
excess and a significant risk factor for the development of long-term side
effects. Patients can develop steroid dependent or resistant disease. Steroid
dependence refers to those individuals who initially respond to CS but then
relapse with tapering of CS (usually 10mg and 3mg of prednisolone and

budesonide respectively) or shortly after discontinuation (within 3 months)

56



and require reintroduction of CS to maintain control of symptoms*!®. Steroid
resistant disease refers to active disease despite taking up to 1 mg/kg/day of

prednisolone for 4 weeks?!’.

A study by Khan et al. explored the use of CS and long-term outcomes after
the index CS exposure amongst 1038 patients. Prevalence of CS use was
45% and of these CS exposed patients, 464 were followed over 3.4 years.
Amongst these, 65% required CS reintroduction, 38% were classified as CS
dependent, and 11% were classified as CS refractory mostly within 2 years
after the index CS course?. More recently, a UK audit reported 14.9% of
IBD patients had steroid dependency or excess in the UK, more commonly
in UC than CD?. Prior to the availability of antibody treatments like
infliximab or the usage of calcineurin inhibitors like Ciclosporin for acute
severe disease, colectomy was the only option once steroid resistance was

determined'#,

Whilst generally considered inexpensive, and used for a diverse array of
conditions, long-term use is known to be associated with certain toxicities
which have considerable direct and indirect economic implications for the
healthcare sector. Rice et al. recently conducted a systematic literature
review looking at the economic impact of long-term corticosteroid use. They
reported dose-related increases in health care resource utilization and costs

with CS use, with per-annum incremental costs relative to non-users ranging
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from $5700 in low-dose users (<7.5 mg/d) to $29,000 in high-dose users

(>15 mg/d)*%,

Similarly, Manson et al. examined factors linked to the incidence of oral CS
related adverse events found that dose, age, gender, duration of use,
treatment history, smoking habits or cholesterol level were influential in
determining risk. Additionally, they conducted a cumulative economic
analysis of selected adverse events and found the annual cost of treating

these events in the UK to be at least 165 pounds per patient taking oral CS'?,

1.5 Predictors of Steroid response

The clinical and economic burden of corticosteroid related adverse events
highlights the need for effective steroid sparing strategies to be employed.
Earlier recognition of potential steroid failure could ideally avoid undue
exposure and allow for earlier treatment escalation and patient selection as
well as reduce potential long term clinical and financial implications
associated with their use. Some clinical and biochemical potential predictors
of CS failure have been summarised in the BSG guidelines published in 2019
but they are largely centred around clinical and serological markers of CS
failure (Table 1.6). Limited understanding exists relating to rates of CS

failure here in Ireland and globally very little is known about tissue specific
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mechanisms of steroid resistance in IBD patients or if tissue specific markers

of CS failure exist.
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Table 1.6 Indices predictive of Corticosteroid failure in ASUCY’

Assessment at day 3 of corticosteroids

Chance of treatment
failure

Reference

BO >8/day or BO 3-8/day and 85% Travis et al*?®
CRP >45 mg/L
Mean stool frequency day 1-3 Total: Ho et al'?®

<4

4-6 0-1 11%

7-9 2-3 45%

>9 >4 85%
Transverse colonic dilatation
on abdominal X-ray >5.5 cm
Albumin on admission <30 g/L
Number of stools in 24 hours + 72% Lindgren et
(0.14xCRP (mg/L)) >8 al 7
CRP/albumin ratio 74% Gibson et al*?®

>(0.85 combined plus stool
frequency >3
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1.6 Goals of dissertation

The overall objectives and aims of this dissertation are as follows:

(1) Examine the prevalence of steroid resistance and associations in

Ireland.

(2) Explore the literature for potential molecular mechanisms of steroid

resistance in IBD patients.

(3)Provide an introduction into the role of the 11beta-hydroxysteroid

dehydrogenase system in IBD
(4) To examine tissue specific glucocorticoid regulators in IBD

(5) Characterise these regulators of glucocorticoid action in the colon of

patients with IBD in an Irish Cohort

(6) Provide pilot data and predictive value of resistance markers in Irish

Cohort.

In summary, while there have been significant advances in the management
of IBD with disease modifying agents and biologic agents, steroids remain
a mainstay of therapy and there is still no accurate way of predicting in which

patients’ steroids will be effective. The main objective for this dissertation
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Is to therefore examine the literature for mechanisms of steroid resistance in
IBD patients and investigate tissue specific glucocorticoid metabolism for a
potential explanation of steroid resistance in this complex disease. The
hypothesis of this work is that we may be able to provide a better
understanding of these tissue specific regulators of steroid resistance in IBD,
which would be advantageous. It could potentially pave the way for the
development of novel mechanisms to re-sensitize individuals, through
optimal patient selection, development of novel drug delivery systems as
well as dosing optimisation. In addition, earlier identification of steroid
resistance may herald a timelier and more tailored introduction of alternative
therapy with a view to improving patient care and reducing long term
complications for our patients as well as the economic burden on our

healthcare system.
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Chapter 2: Related risk factors
assoclated with steroid resistance in an
Irish IBD population.

2.1 Introduction

The therapeutic uses of GCS are extremely vast and some of their most
important functions include their role as an anti-inflammatory and
Immunosuppressant agent. They have been used as a treatment for
Inflammatory Bowel Disease since the 1950s'!*and as outlined in chapter 1,
continue to play a critical role in the management of an acute disease relapse.
Despite their efficacy, some IBD patients may be deemed steroid dependent
(clinical relapse of symptoms upon withdrawal of steroids) or steroid

resistant (inadequate or no response to steroid treatment).

Up to 25-30% of patients with UC or CD will require hospitalisation for an
acute severe flare of disease at some point throughout their disease course,
often at initial presentation. All patients admitted with a suspected IBD flare
generally receive baseline bloods (Full Blood count (FBC), C-Reactive
Protein (CRP), Urea and electrolytes (U&E), Liver Function Tests (LFT)
and magnesium), stool culture and Clostridium difficile assay, radiological

imaging (AXR or CT) and flexible sigmoidoscopy, with close monitoring
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after admission!’. These investigations will aid clinicians to assess likely
prognosis and to ideally recognise CS failure and the potential need for
treatment escalation or colectomy °12° Early flexible sigmoidoscopy is
also important to confirm diagnosis and obtain histology including
evaluation for cytomegalovirus. The literature suggests up to half of
hospitalised patients can potentially fail corticosteroids® so timely

consideration should be given to a pre-biologic screen.

Previous independent studies have reported that 15-30 % of patients respond
poorly or not at all to GCS treatment*6126.130 - One such study by Munkholm
et al. prospectively examined the outcome of the first steroid course in 109
patients with Crohn’s Disease **!. Thirty-day outcomes were reported as
follows; 36% were steroid dependent and 20% were steroid resistant. A high
rate of surgical intervention was reported in the steroid dependent (26%) and

the steroid resistant (59%) groups within 1 month of GCS treatment.

Similarly, a retrospective study by Faubion et al. reported steroid
dependency rates of 28% and 22% in CD and Ulcerative Colitis (UC)
patients respectively whereas no response was observed in 16% of
patients'®, Additionally, a systematic review of 1991 acute UC patients
requiring admission from 1974-2006 by Turner et al. reported an overall
response rate to intravenous steroids of 67% and a short term colectomy rate

of 29%11°,
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This variability in response rates is unpredictable and can often result in
prolonged courses of GCS amongst IBD patients, especially amongst the
resistant and dependent groups of patients. Consequently, these patients are
at an increased risk of common complications often associated with their use
such as osteoporosis, cardiovascular disease, skin changes and metabolic
syndromes. Response to steroids has been variously described but it is often
indicated by an improvement in the patient’s symptoms (stool frequency,
general wellbeing and abdominal pain) as well as improved laboratory
markers including serum CRP, Erythrocyte Sedimentation Rate (ESR),
haemoglobin (Hb) and albumin levels'*?. Some studies have attempted to
identify potential predictive factors of steroid resistance in the hope that
early identification may result in a more efficient introduction of alternative
therapies with a view to improving patient care and reducing long term

complications.

The precise molecular mechanism of steroid resistance in inflammatory
bowel disease remains unclear, but several mechanisms have been proposed.
Possible mechanisms behind this steroid resistance include abnormalities in
steroid absorption/metabolism, altered numbers of glucocorticoid receptors,
altered affinity of the ligand for glucocorticoid receptors, reduced affinity of

the glucocorticoid receptor to bind DNA and altered expression of
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transcription factors and/ or cytokines*®. However, to date none of these

above mechanisms have fully explained steroid resistance in these patients.

The emergence of biologic agents as well as immunomodulatory therapies
has revolutionised the management of IBD and they are commonly used as
long-term maintenance therapy and steroid sparing agents in IBD patients.
Whether they have truly impacted upon the natural history of IBD as well as

overall secondary response rates to GCS is not well known.

2.2 Aims

1. To assess response rates to Corticosteroid therapy in a tertiary referral
centre

2. To provide an update of potential predictive risk factors associated
with GCS resistance in an Irish population.

3. To ascertain if concomitant therapies alter the levels of response rates

to GCS.

2.3 Materials and Methods

This was an observational retrospective cohort, single centre study
performed at Tallaght Hospital, Dublin, Ireland. Following ethical approval,
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a review of patients from the Hospital In-Patient Enquiry (HIPE) data base
at a this tertiary IBD centre was conducted. Eligible patients included those
aged 18-80 years requiring hospitalisation with an acute flare of IBD from
2010-2015. Medical, endoscopic, and clinical data was reviewed to
determine patient treatment courses and clinical outcomes. All included
patients received a minimum of 3 days of high dose intravenous

hydrocortisone at minimum dose of 100mg QDS during their admission.

Further inclusion criteria included those patients who had negative stool
sample for clostridium difficile during their admission. Exclusion therapy
included patients with incomplete records or records which did not include
at least 3 months of follow-up, those patients given immediate anti-TNF
therapy, patients with toxic colitis or those requiring immediate surgery and
non IBD associated colitis. Demographics & clinical details including
disease phenotype, extent, duration, concomitant therapies, length of stay
(LOS) were analysed. Patients had serum biochemical and haematological
markers measured during their admission and these included CRP, albumin,
and haemoglobin. All admission levels and day 3 levels were all recorded.
A normal CRP was considered <5mg/l and anaemia was defined as
<11.5¢g/dl in women and <13g/dl in men as per local laboratory reference
ranges. Significant anaemia was defined as Hb of < 10.5¢/dl.

Hypoalbuminemia was defined as an albumin level <35g/ as per our local
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laboratory reference guidelines.  Disease severity was also recorded
according to endoscopic parameters where available (Mayo and SESCD).
As this was a retrospective study, disease severity was defined based on
endoscopic data available using the Mayo or SES CD score. In addition,
where recorded patient symptoms were used to determine clinical levels of
disease activity using the Mayo score or Harvey-Bradshaw score where

applicable.

Resistance rates were determined by a lack of improvement or deterioration
in day 3 clinical status, day 3 CRP or if the patient was determined to require
rescue medical therapy in form of a biologic agent or ciclosporin or surgery
during admission. Steroid dependence was defined as either the
impossibility of reducing the corticosteroid dose to less than 10 mg/day after
3 months of treatment initiation or disease relapse within 3 months after

steroid discontinuation.

Results were compared amongst responders & non-responders using a
student t-test and p value of <0.05 was considered significant. Statistical
analysis was performed using MedCalc Statistical Software version 17.4

(MedCalc Software bvba,Ostend , Belgium,http://www.medcalc.org:2017)

2.4 Results
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2.4.1 Baseline Characteristics

In all 475 patients requiring hospitalisation for acute inflammatory colitis
were identified. A total of 19% (n=90) of patients were excluded due to
insufficient information. Of the remaining 385, 57% (n=219) were female
and the overall mean age was 39 years (range 15-84 years). Additionally, the
mean disease duration was 4.5 years (range 0-27 years). Baseline

characteristics can be summarised in Table 2.1.

Amongst hospitalised patients, 37% (n=142) had a new diagnosis of IBD.
Of those patients with an established diagnosis of IBD (n=243), 31 % (n=75)
had prior treatment with a 5 ASA, 43% (n=105), an immunomodulator and
32% (n=77) an anti-TNF alpha agent. There were statistically more patients
with Crohn’s Disease (CD), than Ulcerative Colitis (UC) requiring
admission, 61% (n=236) vs. 38% (n=149), p <0.0001, 95% CIT 0.16 - 0.30.
Amongst the UC patients, the majority (76%, n=113) had pancolitis (E3).
Anatomical distribution of Crohn’s disease in the study cohort was 27%
(n=64) ileal (L1), 37% (n=87) colonic (L2) and 36% (n=85) ileocolonic(L3).
During the course of admission, 84% (n=323) of patients underwent
endoscopic disease assessment and of these 35% (n=113) had severe, 46%
(n=150) moderate and 19% (n=61) mild disease activity. Overall mean LOS

was 10 days (range 4-49). The mean admission CRP, Hb and albumin across
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the patient cohort was 59 mg/l (range 1-307.9mg/l), 12.2¢g/dl (range 6.2-15.9
g/dl) and 38 g/dl (range 11-44 g/dl) respectively. The mean day 3 CRP was
25mg/l (range 1-260mg/l), mean day 3 Hb was 11.2 (range 7.3-16.1g/dl) and

mean day 3 albumin was 34g/dl (16-45g/dl).
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Table 2.1 Baseline Characteristics

Patient Number N=385 (100%0)
Crohns Disease N=236 (61%)
Mean Disease Duration (yrs.) 4.5 (0-27)

% Female N=219 (57%)
Mean Age 39 (15-84)
Mean LOS (days) 10 (3-49)

New IBD Diagnosis 142 (37%)
Mild Disease 61 (19%)
Moderate Disease 150 (46%)
Severe Disease 113 (35%)
Prior 5ASA 75 (31%)
Prior Immunomodulator 105 (43%)
Prior Biologic agent use 77 (32%)
Mean CRP (mg/L) 59 (1-307.9)
Mean Hb (g/dl) 12.2 (6.2-15.9)
Mean Albumin (g/dl) 38 (11-44)
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2.4.2 Response Rates

Overall, amongst this cohort, 68% (n=262) were responders to CS, 23%
(n=88) non-responders and 9% (n=35) steroid dependent, respectively.
Amongst the responders and non-responders, 65% (n=169) and 57% (n=50)
had CD (p=0.1), and 35% (n=93) and 43% (n=38) had UC respectively
(p=0.1). However overall, amongst the non-responders, more patients had

CD, 57% (n=50) compared to UC, 43% (n=38), P<0.03, 95% CI 0.01 - 0.31.

In terms of concomitant therapies amongst responders and non-responders
20% (n=53) vs. 25% (n=22) were on a 5 ASA, 27% (n=63) vs. 31% (n=27)
were on a biologic agent prior to admission. Interestingly however, 36%
(n=94) of responders vs. 12.5% (n=11) of non-responders were on an
immunomodulator prior to admission, (p <0.00001, 95% CI 0.13-0.34) given

an overall OR of 3.9.

Endoscopic assessment data was available on 77% (n=206) of responders,
100% (n=88) of non-responders and 82% (n=29) of steroid dependent
patients, respectively. Not surprisingly overall non-responders had more
severe disease endoscopically compared with responders, 61% (n=54) vs.

53% (n=109) p<0.0001, OR 4.07, 95% CI 2.33 to 7.09.
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2.4.3 Predictors of non-response

Mean admission CRP for responders and non-responders was 48mg/l vs.
89mg/l and mean day 3 CRP for responders and non-responders was 10mg/I
vs. 48mg/l respectively. A CRP level >45mg/l on day 3 appeared to be
predictive of steroid resistance, 58 % (n=51) vs. 23% (n=60), OR 4.6,
p<0.0001, 95% CI 2.78-7.74. Overall non-responders had higher rates of
anaemia, 55% (n=48) vs. 39% (n=102) (p<0.01, 95% CI 0.04 - 0.28) and
hypoalbuminemia, 41% (n=36) vs. 34% (n=89), (p=0.2) on admission.
However significant anaemia (38% (n=33) vs. 26% (n=68)), OR 1.7, P<0.03,
95% CI 1.03-2.86) and hypoalbuminemia (36% (n=32) vs. 24% (n=62), OR
2.2, P <0.02, 95% CI 1.09-3.09) on day 3 appeared to be predictive of

response

On subgroup analysis disease duration, age and gender did not appear to
influence response rates, Table 2.2. Overall, amongst patients with a new
diagnosis of IBD (n=142), 73% (n=104) were responders. In relation to
disease extent, the only significant finding was amongst UC patients with
more extensive disease. Pancolitic patients had higher rates of resistance,
84% (n=32) vs. 66% (n=61), OR 2.7, p<0.03, 95%CI 1.06-7.39.

Additionally, as mentioned above, patients with more severe disease
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endoscopically tended to have higher rates of steroid failure. Overall,
amongst Crohn’s patients, stricturing disease phenotype was associated with
a higher risk of non-response, 40% (n=30) vs. 26% (n=44), OR 1.9, p<0.04,

95% CI 1.00-3.79.

Overall, 91% (n=80) of the resistant patients received rescue biologic
therapy, 16% (n=13) adalimumab (milder group), 55% (n=60) infliximab
and 9% (n=9) IV ciclosporin. In all 44% (n=39) of the resistant patients
required surgical intervention, of which 38% (n=30) had failed rescue

biologic therapy.

In terms of the steroid dependent patients, 51% (n=18) had CD. There was a
trend towards a higher percentage of females amongst steroid dependent
patients compared with responders, but this did not quite reach statistical
significance, Table 2.3. Furthermore, patients in the responder group
appeared to have more severe disease but this may be related to patient
sample size amongst the dependent group and the available endoscopic data

amongst this group, 53% vs 14%.

Overall, there were no identifiable predictors of steroid dependence in this
group. Median admission and day 3 CRP, albumin and Hb were similar
across responders and steroid dependent groups. In all, 43 % (n=15) went
on to commence immunomodulator therapy and 37% (n=13) an anti-TNF

agent.
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Table 2.2 Predictors of Steroid Non-Response

Responders | Resistant P value, 95 % CI | Odds
n=262 n=88 Ratio
Gender (% females) 152 (58%) | 41 (47%) 0.8
Age (yrs.) 42 (19-74) | 37(15-84) 0.2
Disease duration 4.8 (0-24) 5.2 (0-27) 0.4
(years)
Disease subtype (CD) 169 (65%) | 50 (57%) 0.1
Disease severity (n (%) | 109 (53%) | 54 (61%0) <0.0001, 2.33-7.09 | 4.0
severe)
Prior exposure to 5ASA | 53 (20%) 22 (25%) 0.1
Prior exposure to 94(36%0) 11(12.5%) | <0.00001,0.13-0.34
Thiopurines
Prior exposure to 63 (27%) 27 (31%) 0.7
biologics
Day 3 Haemoglobin 68 (26%0) 33 (38%) <0.03, 1.03-2.86 1.7
(<10.5g/dL)
Day 3 C-Reactive 60 (23%) 51 (58%) <0.0001, 2.78-7.74 | 4.6
Protein(>45mg/L)
Day 3 albumin 62 (24%) 32 (36%) | <0.01, 1.09-3.09 2.2
(<35¢/dl)
Extensive Disease UC 8 (7%) 21(28%) <0.0001, 1.06-7.39 | 2.7
Stricturing Disease 44 (26%) 30 (40%) <0.04, 1.00-3.79 1.9

phenotype CD
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Table 2.3 Responders vs. Steroid Dependent groups

76

Responders, | Dependent | P value, 95 % CI
n=262 n=35

Gender (% females) 152 (58%) 26 (74%) 0.06

Age (yrs.) 42 (19-74) 37(15-84) 0.2

Disease duration (years) | 4.8 (0-24) 3.2 (0-14) 0.4

Disease subtype (CD) 169 (65%) 17 (49%) 0.06

Disease severity (n (%0) 109 (53%) 5(14%) <0.0017, 0.1-0.44

severe)

Prior exposure to 5ASA | 53 (20%0) 5(14%) 0.4

Prior exposure to 94(36%0) 9(26%0) 0.2

Thiopurines

Prior exposure to 63 (27%) 5 (14%) 0.7

biologics

Mean Day 3 12.1 11.4 04

Haemoglobin g/dl

Mean Day 3 Crp mg/I 31 27 0.3

Mean Day 3 albumin g/dl | 38 34 0.4

Extensive Disease 135 (66%0) 15 (53%) 0.6




2.5 Discussion

The most widely accepted criterion for steroid refractoriness is the lack of
clinical improvement after 7-10 days of IV prednisolone at a dose of
1mg/kg/day*®* or persistent active disease after treatment with oral
prednisolone 0.75mg/kg/day for 4 weeks'®. Clinicians generally cannot
afford to delay 7-10 days to establish if a patient is deemed steroid resistant
or not due to risks of clinical deterioration and development of disease
related complications. Their primary objective is to identify patients unlikely
to respond to IV GCS as early as possible to allow for more appropriate and

timely escalation of alternative therapies.

Like our study, efforts have been made to identify potential clinical and
biochemical parameters as useful early predictors of outcome in hospitalised
IBD patients. A prospective study conducted by Travis et al.*?®identified the
presence of > 8 stools/day or 3-8 stools/day plus a CRP >45mg/L at day 3
amongst 51 patients with severe UC predicted a colectomy rate of 85%.
Similarly, two retrospective studies by Ho et al.?® and Ananthakrishanan et
al.**%identified that number of stools/day, hypoalbuminemia, colonic
dilatation >5.5cm, anaemia, malnutrition and need for blood transfusion and
total parenteral nutrition were all reliable parameters in predicting the need
for a colectomy amongst UC patients. Another study by Kim et al. in which

clinical outcomes at 1 month, 4 months, and 1 year after GCS treatment
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amongst 96 CD patients reported a less severe disease phenotype and a lower
CD activity index demonstrated clinical significance for mid-term or mid-
and long-term steroid responses, respectively®®’. Similarly Chow et al.
retrospectively identified thrombocytosis at diagnosis predicted
corticosteroid-dependency in IBD'®, Similar to our study, they also
reported that a stricturing phenotype of CD (OR1.9, p<0.04, 95% CI 1.00-
3.79) and the presence of anaemia in UC predicted subsequent corticosteroid

refractoriness.

Our larger study which includes both patients with UC and CD requiring
admission would appear to be in agreement with other published data in that
it illustrates that early clinical and biochemical parameters are reliable in
predicting response rates to steroid therapy. In hospitalised patients with a
flare of IBD, like those studies listed above, day 3 CRP>45mg/l (OR 4.6, p
<0.0001, 95% CI 2.78-7.74), significant anaemia (OR 1.7, p<0.03, 95% CI
1.03-2.86) and hypoalbuminemia (OR 2.2, p <0.02, 1.09-3.09 all predicted
steroid non-response. In addition, disease severity also appeared to be
associated with higher rates of resistance (84% vs. 66%, OR 4.2 P<0.0001)

with similar rates amongst CD and UC patients.

Severe endoscopic activity (deep ulcers, extensive loss of mucosal layers,
well-like ulcers or large erosions) has been associated with steroid resistance

and need for colectomy3%-141, Corte et al. conducted a study including 89
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ASUC patients treated with 1V CS and/or infliximab or ciclosporin. They
illustrated that almost all patients with a UCEIS score of 7 or more on

admission required rescue therapy4?

Our study does not control for previous steroid exposure but reflects the
clinical need for careful interpretation and prediction in all patients
irrespective of medication history. Of note our findings would suggest that
prior Immunomodulator treatment amongst our group appeared to be
protective in terms of steroid response rates amongst those with established
IBD, with 36% vs. 12.5% (p< <0.00001,95% CI 0.13-0.34) of responders

and non-responders demonstrating prior exposure.

Interestingly similar response rates were observed in those patients taking a
biologic agent as those who were biologic naive prior to admission. This
would suggest that there remains a clear role for steroid use within this
cohort. In addition, despite advancements in IBD therapeutics over the years,
44% (n=39) of our resistant patients still required surgical intervention, of

which 38% (n=30) had failed rescue biologic therapy.

In terms of steroid dependence, the overall rate was 9% (n=35). This was
quite a small sample size in relation to steroid dependence and insufficient
endoscopic data was available in some of these patients. There was a trend
towards a higher percentage of females with steroid dependent disease

compared with responders, 74% vs. 58% but this did not quite reach
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statistical significance. No other obvious predictors of dependence were

noted in this study.

The other overall weaknesses in our study would be related to its
retrospective design and its sole inclusion of inpatients only. This would
naturally represent a more severe cohort and may not necessarily be
reflective of IBD steroid response overall in our cohort. Additionally, the
use of clinical response and remission as an end-point can represent a
potential limitation in itself , given the sometimes lack of concordance
between clinical symptoms and the degree of endoscopic disease observed,
such was the case in up to 30% of patients noted in other studies including

the SONIC trial in 2009,

2.6 Conclusions

In summary GCS resistance rates in our cohort are similar to previously
published figures and remain significant at 23%. A high CRP, anaemia,
hypoalbuminemia on day 3, as well as severe disease& pancolitis are
predictive of GCS resistance in line with previous published works.
Clinicians should be aware of the high rate of resistance should use day 3
CRP, albumin and Hb as previously recommended. In addition, our study

supports the role for endoscopic assessment amongst these patients and
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supports the role of immunomodulator use in high-risk patients to reduce

resistance rates.

Further work on mechanisms of steroid resistance is needed as a significant
number of patients continue to require surgical rescue despite advancements

in biologic therapy.
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Chapter 3: Molecular Mechanisms of
Steroid Resistance in IBD

3.1 Introduction

Glucocorticoids have a well-established role in the management of a diverse
array of inflammatory and autoimmune conditions!#3-145, Despite their
reliability and efficacy, for most patients, response rates may be variable and
often unpredictable. Failure to respond to GCs can often render patients
requiring surgery acutely or electively, with as many as 20% of patients with
Ulcerative Colitis and up to 50% of patients with Crohn’s disease requiring
surgery throughout their lifetime, largely as a result of poor response to

GCs',

Earlier chapters referred to rates of steroid dependence and resistance
amongst IBD cohorts and the potential clinical challenges clinicians are
faced with. Prolonged steroid use in these patients can understandably result
in an increased risk of treatment-related complications such as glucose
intolerance, hypertension, obesity, osteoporosis, cardiovascular disease, and

myopathy 147-149,

Following first exposure to corticosteroids, previous studies have shown a

thirty-day outcome of complete remission in 48-58%, partial remission in
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26-32% and no response in 16-20% for CD patients 30131150 |n UC,
iImmediate outcomes were complete remission in 54%, partial remission in
30% and no response in 16% of the patients'*. The variability in response
rates could possibly be accredited to factors such as sub-therapeutic dosing
or even potentially reduced bioavailability of oral glucocorticoid in patients
with active IBD, particularly those with severe diarrhoea'#®. However, one
study by Reinsh et al. reported comparable steroid dependency and
resistance rates of 63% and 13% respectively amongst 48 patients with
active CD treated with higher doses of oral glucocorticoids and a slower
tapering regime than used in the previous studies™!. Additionally, a
retrospective study by Lindgren et al. showed that 34% of 97 hospitalized
patients with severe UC required a colectomy within 30 days of presentation,
despite higher doses of intravenous glucocorticoid therapy!?’. Similarly, our
own study in chapter 2 demonstrated a resistance rate of 23% despite a
minimum of 3 days of IV hydrocortisone. This would suggest dose
intensification does not provide a solution for these CS resistant and
dependent groups and perhaps suggests drug bioavailability may not be a

factor in early non-response.

Steroid resistance has also been observed in other inflammatory conditions
such as Rheumatoid Arthritis, Asthma, and Systemic Lupus Erythematosus

(SLE) and like IBD, can significantly affect clinical outcomes for these
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patients®1%4,

Exploring potential mechanisms of steroid resistance is of

significant clinical importance given the vital therapeutic role corticosteroids

play on a day-to-day basis.

The precise mechanisms behind steroid resistance in inflammatory

conditions remains unclear, but several have been proposed. To fully

appreciate these mechanisms, we must first review the basic physiology

underlying steroid metabolism.

Table 3.1 Rates of steroid resistance in IBD-evidence from trials

Study Design Patient Diseas Steroid Disease Steroid Steroid
numbe e type severity Resistanc  Dependen
r used e t
Truelove Retrospectiv = 87 ucC v Severe 25% N/A
and Witts e Steroid
et al** cohort s
Munkholm  Prospective 109 CD Oral Moderate/Sever 20% 36%
et al*® cohort steroid e
S

Chakravart Retrospectiv. 89 ucC v Severe 28% N/A
y et al*®® e Steroid

cohort S
Faubionet  Retrospectiv 137 63 UC Oral Moderate/Sever 16% 22%
al* e 74CD andIV e

observationa Oral

| only
Lindgrenet Retrospectiv 97 ucC v Severe 34% N/A
al?’ e steroid

cohort S
Travis et Prospective 49 ucC v Severe 27% N/A
alt? observationa steroid

| S
Khan et Retrospectiv = 464 ucC Oral OPD cohort 11% 38%
al'?° e cohort (severity N/A)
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3.2 Normal Physiology

Cortisol (the main active glucocorticoid in humans) is secreted under the
tight control of the hypothalamic-pituitary-adrenal axis (HPA-A).
Corticotrophin releasing hormone (CRH) is synthesized and secreted from
the hypothalamus, which leads to ACTH (corticotrophin) synthesis and
secretion from the pituitary gland, which acts on the zona fasciculata of the
adrenal cortex. Classical endocrine feedback loops are in place to control
the secretion of GC through a tightly regulated mechanism in the
hypothalamus and pituitary gland*®. The effects of glucocorticoids are
mediated by the GC receptor (GR) which is a ligand regulated receptor, also
known as the classic GR or GRa, a phosphorylated 92-kDa protein, which

is a member of the nuclear receptor superfamily *°,

In the absence of its GC ligand, the GR remains bound to other proteins
within the cytoplasm such as the 90 kDA and 70 kDA heat shock proteins
(HSP90, HSP70)*’, GC binding to the GR leads to dissociation of the HSPs
and translocation of the GR-ligand complex into the cell nucleus. Following
translocation to the nucleus, gene transcription is altered following binding
of the dimerised GR/ ligand complex to the specific DNA sequences known
as glucocorticoid response elements (GRES) in the promoter region of the

target gene 1°°.
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This sequence-specific DNA binding results in the inhibition of the promoter
regions of genes, such as nuclear factor kappa B (NFKB) and activator
protein-1 (AP-1). These act as potent transcription factors for many pro-
inflammatory cytokines and adhesion genes. One of the integral anti-
inflammatory actions of glucocorticoids is achieved via the induction of
inhibitor kappa B alpha (IKBa) which binds to and inhibits NF-KB by
sequestering it in the cytoplasm?®8. In addition, glucocorticoids increase the
expression of other cytokines that inhibit the production of other
inflammatory mediators: such as transforming growth factor-p3 (TGF-p)
and IL-10, increasing its anti-inflammatory function. They also inhibit T and

B lymphocyte proliferation, all resulting in an anti-inflammatory response.
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Figure 3.1: Hypothalamic-Pituitary Adrenal Axis (HPA) (A) Organisation of the
HPA Axis, (B) Intracellular regulation of the Glucocorticoid Receptor (GR) 1%°
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ACTH, adrenocorticotropic hormone; AF-1 and -2, activation function-1 and -2; AVP, arginine vasopressin; CRH,
corticotropin-releasing hormone; DBD, DNA-binding domain; GR, glucocorticoid receptor; GRESs, glucocorticoid
response elements; HPA axis, hypothalamic-pituitary-adrenal axis; HR, hinge region; HSPs, heat shock proteins;
LBD, ligand-binding domain; NL-1 and -2, nuclear localization signal-1 and -2; NTD, N-terminal domain; S203,

211, and 226, serine at amino acid position 203, 211, and 226; TF, transcription factor; TRES, transcription factor
response elements.

87



3.3 Molecular mechanisms of steroid resistance

The precise molecular mechanism of steroid resistance in inflammatory
diseases remains unclear, but several mechanisms have been proposed.
Possible mechanisms include altered numbers of glucocorticoid receptors,
altered affinity of the ligand for glucocorticoid receptors, reduced affinity of
the glucocorticoid receptor to bind DNA and altered expression of
transcription factors and/ or cytokines!®. However, to date none of these
above mechanisms have fully explained steroid resistance in these patients.
This review describes the molecular basis for GC resistance in inflammatory

bowel disease.

Figure 3.2 Molecular Mechanisms of Steroid Resistance

Altered numbers of Glucocorticoid Receptors

lAffinity of the Ligand for the GR

lAfﬁnity of the GR to bind DNA

Altered expression of transcription factors

Altered expression of cytokines
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3.3.1 Glucocorticoid receptor abnormalities and resistance mechanisms

To date, glucocorticoid resistance research on T-lymphocytes and other
select inflammatory cells have proposed several GR abnormalities as
potential mechanisms impacting response rates to glucocorticoids. Primary
GR congenital abnormalities have been described in the literature %°, but
generally represent a very rare cause of glucocorticoid resistance in
inflammatory conditions overall, and in fact have never been identified

amongst resistant IBD patients.

Variations in concentrations of GR has been hypothesized as a potential
mechanism for steroid resistance in the past. Glucocorticoid receptor
numbers in peripheral blood mononuclear cells (PBMC) have been
examined amongst subjects with steroid-resistant asthma, with the majority
of studies demonstrating no significant differences in receptor
concentrations!®11%2, Amongst IBD patients, Flood et al. showed the
concentration of GR mRNA in peripheral leukocytes was higher in UC
patients with quiescent disease compared with controls, however no
significant differences were shown in GR mMRNA levels between

glucocorticoid responders and glucocorticoid non-responders®3. In contrast,
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Raddatz et al reported significantly lower tissue concentrations of GR

mRNA from mucosal biopsies in patients with steroid resistant UC*,

Interestingly, GR exists in different isoforms, and these differences in
isoforms have been forwarded as a potential explanation for steroid
resistance!®®> GR- alpha (GR-a) is the most dominant isoform and is
physiologically active!®. In contrast, GR- Beta (GR-PB) is a truncated splice
variant, which is unable to bind to the ligand and is transcriptionally
Inactive, and exerts a dominantly negative effect by interfering with binding
of GR-a to the DNA%170 The presence of GR-B has been suggested as a
mechanism of steroid resistance. In a Japanese study by Honda et al, GR-3
MRNA was detectable in more patients with steroid-resistant UC (83%)
compared to patients with steroid-sensitive UC (9%), 10% of healthy
volunteers and 10% of chronic active CD patients'’*. However, in IBD, GRf
Is expressed 100-1000 times less than GRa, which has challenged its role in

the mechanism of steroid resistance in the past.

In addition to variations of the GR, altered glucocorticoid binding affinity to
the GR as well as GR binding affinity to DNA have also been suggested as
a means of resistance in the past. One study by Cho'"? et al. which examined
patients with severe asthma, demonstrated that steroid resistant patients had

decreased GC/GR binding affinity detected in peripheral mononuclear blood
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cells, compared with the steroid sensitive patients as well as healthy controls.
Another study which examined the ability of nuclear translocated GRs to
bind their DNA-binding sites, showed impaired binding in steroid-resistant
asthmatics compared with steroid-sensitive asthmatics and healthy controls,
and that this was as a result of reduced numbers of receptors available for

binding to DNA"3,

Therefore, an inability of the GR—ligand complex to activate key genes may
be responsible for a poor response to glucocorticoid action. Specifically,
however, there have been no studies looking at differences in ligand binding

affinity to the GR amongst IBD subjects.

3.3.2 Altered expression of transcription factors and inflammatory

cytokines

The role of inflammatory cytokines in glucocorticoid resistance has also
been examined in the past. Pro-inflammatory cytokines are involved in the
pathogenesis of several chronic inflammatory diseases such as rheumatoid
arthritis, osteoarthritis, asthma and IBD 417>, Their excessive upregulation
is typically overcome by GCs, however steroid resistant subjects often
demonstrate increased concentrations of local and/or systemic pro-

inflammatory cytokines!’®. As glucocorticoid resistance is more commonly
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noted in those patients with more severe disease, it is difficult to distinguish,
whether glucocorticoid resistance is an intrinsic phenomenon or whether the
anti-inflammatory capacity of glucocorticoids is simply overcome by a surge
in pro-inflammatory cytokines during an inflammatory event?®. This in turn,
increases the activity of various intracellular transcription factors which,
may ultimately reduce the affinity of GR for its intracellular ligand. Both
mechanisms involve an upregulation of inflammatory molecules and a
positive feedback system with a secondary upregulated inflammatory

response.

Overexpression of Interleukin-6 (IL-6) and Interleukin-8 (IL-8) have been
reportedly associated with non-responsiveness to GC treatment in some
studies!’’. In paediatric patients with UC, patients who did not respond to
GC had higher levels of IL-6, compared to responderst’®. Similarly, in CD
a correlation between cytokine production and resistance to GC was found.
A clinical study showed that in intestinal mucosa from GC-resistant patients,
the rate of apoptosis of T and B cells, presence of caspase-3 and IL-10
production were diminished compared to healthy and GC-responsive

individuals!’.

As outlined above, GR-a interacts with potent transcription factors such as
NF-KB, which consequently inhibits cytokine production during an

inflammatory cascade!*®. Conversely, NF-KB and GR-a can mutually
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repress each other’s transcriptional activity. Previous studies have shown
different NF-KB activity in biopsy specimens from steroid-resistant and
steroid-sensitive patients with CD and UC who all had severe disease
activity’®. In sensitive patients, NF-KB activation was mainly found in
lamina propria macrophages and in single scattered endothelial cells.
However, over 60% of steroid-resistant patients had a different staining
pattern with active NF-KB predominantly localized in epithelial cells’.
Differences in the distribution of such key molecules may be an important

consideration in exploring the mechanisms of steroid resistance.

3.4 Genetic mechanisms of Glucocorticoid Resistance

Although this review has predominantly focused on the molecular
mechanisms of steroid resistance, one important genetic factor thought to
contribute to steroid resistance in a significant way, is alterations in the P-
glycoprotein (P-gp) which is encoded for by the multi-drug resistant gene-1
(MDR1)*°, P-gp is responsible for the absorption, distribution, metabolism
and excretion of various drugs including GC®*. A relationship between
increased P-gp levels in circulating lymphocytes and intestinal epithelial
cells with GC-resistant IBDs patients has been reported!8l, Polymorphisms
in the MDR1 gene, responsible for P-gp function have been thought to

influence response rates to GCs in the past.
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3.5 Conclusion

The proposed mechanisms involved in steroid resistance are extremely vast
and initial enthusiasm for any specific mechanism has failed to identify a
distinct genotype or phenotype that is applicable clinically. To date it
remains unclear as to the exact reasons underlying resistance amongst IBD
patients. This presents a unique challenge to clinicians when trying to

identify patients who are likely to be resistant to steroid treatment.

Interestingly in recent years it has become evident that in addition to the
control of glucocorticoid levels by the HPA Axis, there is also a local control
of tissue specific action of glucocorticoids by the 11Beta-Hydroxysteroid
Dehydrogenase enzyme system (11B-HSD). Tissue regulation of GC
function represents a novel approach to understanding resistance
mechanisms and may potentially offer a clinically applicable early marker
of GC resistance. There is very little in the literature regarding the role of the
11B-HSD enzyme system in IBD. In the next chapter we discuss the role and
regulation of the 11p3-HSD enzyme system in steroid metabolism and we

review the current literature in relation to its role in IBD.
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Chapter 4: An introduction to 11Beta-
Hydroxysteroid Dehydrogenase enzyme
system

4.1 Introduction

Adrenal corticosteroids are essential for life and can be divided into three
main types: glucocorticoids (synthesised in the zona fasciculata),
mineralocorticoids (synthesised in the zona glomerulosa) and sex steroids
(synthesised in the zona reticularis)®®. Cortisol (the main active
glucocorticoid in humans) is secreted under the tight control of the

hypothalamic-pituitary-adrenal axis.

Glucocorticoids affect every organ system with the main physiological and
pathophysiological effects being on energy metabolism, the cardiovascular/
blood pressure system, bone, connective tissue (including muscle), the
immune system, the central nervous system, the gastrointestinal and the

endocrine system Table 4.1
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Table 4.1. Effects of Glucocorticoids

VASCULAR/
METABOLISM BONE IMMUNE
BLOOD PRESSURE
A Serum Glucose A Renal excretion of Ca™ | ASensitivity to pressor | A Apoptosis
agents ¥ Creul
# Liver Glycogen A PTH Circulating
A GFR lymphocytes
A Glycogen synthase |V Osteoblast activity ' ,
# Angiotensinogen Iy synthesis
A Gluconeogenesis |V Ca** absorption , .
A Proximal Na' V Cytokine production
A Circulating chol epithelium transport
V Monocyte
A\ Circulating TG A\ Free waterclearance | iterentaton
¥ Glycogen A MR activity V Phagocytosi
hosphorylase
iy ¥ NO mediated V Cytotoxic activity
vasodilatation

Glucocorticoid release is often triggered by an environmental or
immunological stressor resulting in immunoregulatory activities, mostly
Immunosuppressive, on distant tissues and cells, in particular in immune
cells 182 Within the immune system, glucocorticoids lead to increased
apoptosis and decreased circulating lymphocytes, immunoglobulin

synthesis, cytokine production, monocyte differentiation, phagocytosis and
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cytotoxic activity which underpin the efficacy of glucocorticoids as an
immunomodulatory therapy®™’. GCs exert effects on vast array of cell
subtypes in the body to ensure reactions to normal diurnal changes in
metabolism and stress responses are in equilibrium?!3184 Interestingly
inflammatory cytokines including interleukin-1 beta (IL-1B), IL-6, and
tumor necrosis factor alpha (TNF) have also been shown to trigger the
secretion of ACTH and CRH suggesting a further bidirectional feedback

between immune and neuroendocrine systems?!®®

4.2 11-beta-hydroxysteroid dehydrogenase enzyme system

In addition to the control of GC levels by the HPA axis, there is also tissue
specific regulation. Local GC tissue concentrations can be further modified
through their pre-receptor metabolism, a process which is significantly
influenced by the 11-beta-hydroxysteroid dehydrogenase (11B-HSD)

enzyme system.

Two distinct isoforms of this intracellular enzyme exist, 1 13-HSD1 and 11f3-
HSD2. 11B-HSD1 is expressed in an array of tissue types including the liver,
placenta, adipose tissue as well as epithelial and non-epithelial cells of
colonic tissue®®18” Figure 4.1. It acts predominantly as an oxoreductase,

converting inactive cortisone into active cortisol and thus increases the local
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concentration of active glucocorticoid within tissues'®. This oxoreductase
activity is determined by nicotinamide adenine dinucleotide phosphate
(NADPH) co-factor availability produced by endoplasm reticulum specific

enzyme hexose-6-phosphate dehydrogenase (H6PDH)?8°,

In contrast, 113-HSD?2 is a high affinity nicotinamide adenine dinucleotide
(NAD) dependent enzyme which is predominantly found in
mineralocorticoid sensitive tissues, such as the colon, kidney, and placenta.
11B8-HSD2 acts as a dehydrogenase, converting the active glucocorticoid
cortisol to inactive cortisone and thus decreases the local concentration of
active glucocorticoids!®. This is vital in tissues that have a mineralocorticoid
receptor (MR) as cortisol has equal affinity to the MR as aldosterone and the
conversion to cortisone protects the MR from illicit occupancy by cortisol.
Mutations in this enzyme may result in the syndrome of apparent
mineralocorticoid excess, with sodium retention, severe hypertension,

growth delay and renal dysfunction!t192,

The gene for 11 b-HSD1 is on chromosome 1 (1932.2-41), has 6 exons (182,
130, 111, 185, 143 and 617bp respectively) and 5 introns (776, 767, 120,
25,300 and 1,700 bp, respectively) %3, The gene for 11 b-HSD?2 is located
on chromosome 16022 and contains five exons spaced over approximately
6.2 kb 10, Aswell as the naturally occurring steroids (cortisol and cortisone)

the synthetic steroids prednisolone and prednisone are also substrates for the
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11 b-HSD enzyme system 4195 The main substrate for 11 b-HSD1 in
humans is cortisone and in rodents 11-dehydrocorticosterone *%. 11 b-HSD1
also has roles in biotransformation of several carbonyl group compounds
xenobiotics, drugs, insecticides, carcinogens %3, 9a-fluorinated steroids
such as dexamethasone are metabolised by 11 b-HSD2 1% but may also be

regenerated by 11 b-HSD1 ¥,

Importantly, there are species and tissue differences in enzyme kinetics and
dynamics for both enzymes %1% Therefore, any studies assessing these
enzymes in rodent models need to take account of these species differences

and may not be generalisable to humans.

Within colonic tissue, 113-HSD2 is expressed only in the epithelial cells
lining the crypts®®’. Exposure to inflammatory stimuli results in increased
tissue expression of 11B3-HSD1 and reduced expression of 11-HSD2 and
subsequently results in increased local tissue cortisol production as well as

reducing local cortisol inactivation.
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Figure 4.1. Schema representing the tissue specific regulation of
glucocorticoid action by 11 B-HSD1 and 2.
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(G6P = glucose-6-phosphate, 6PG = 6 phosphogluconate , ER = endoplasmic
reticulum, GR = glucocorticoid receptor, GRE = glucocorticoid response elements,
G6PT = glucose-6-phosphate transporter)

4.311B-HSD enzyme system and other autoimmune conditions

The role of the 11B-HSD enzyme system has been demonstrated to play a
role in an array of autoimmune conditions in the past. For example, Terao et
al. demonstrated increased 11p3-HSD1 expression in keratinocytes and it
appeared to play a role in the regulation of inflammation and keratinocyte

proliferation in patients with Dermatitis!®®. Similarly, Hardy et al
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demonstrated increased 11B-HSD1 in matched fibroblasts derived from
various tissues (synovium, bone marrow and skin) obtained from patients

with rheumatoid arthritis®°.

In addition, Orsida et al. demonstrated reduced 11p-HSD2 expression in
patients with asthma and an inverse relationship between inhaled
corticosteroid dose requirements and the extent of epithelial 113-HSD2

staining in lung tissue from asthmatic patients compared with controls?®

Few studies to date have suggested that altered expression of this particular
enzyme system, secondary to excessive exposure to pro inflammatory
cytokines affects the balance between levels of active and inactive
glucocorticoids at the intracellular level in these inflammatory
conditions!®®201292 The pathophysiological significance of this in IBD has

been minimally explored to date.

4.4 11B-HSD enzyme system and IBD, current knowledge

Currently there are limited studies available examining the role of the 11p-
HSD enzyme system in IBD. In a previous study conducted by Bryndova et
al, in both human and rat specimens there was an up-regulation in expression
of colonic 11B3-HSD1 mRNA and down regulation of 113-HSD2 mRNA in

tissue with active colitises.
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Similarly, in a study by Zbankova et al., both human and rat specimens with
colitis were examined. Inflamed tissue from human colonic samples
demonstrated an up-regulation of the expression of 11HSD1 mRNA and
down-regulation 11HSD2 mRNA when compared. A similar pattern was
observed at the level of local metabolism of corticosterone in rats. Oxidation
of corticosterone to 11-dehydrocorticosterone was decreased and reduction
of 11-dehydrocorticosterone to corticosterone was increased in colonic
tissue of rats with DSS-colitis?®, The overall conclusion from this study was
that colitis induces local glucocorticoid activation from 11-oxo steroids and
decreases glucocorticoid inactivation, i.e. inflammation increases local
tissue ratio of active to inactive glucocorticoids. Another study conducted
by Stegk et al in 2009 demonstrated that expression of 11B-HSD1 was
significantly elevated in inflamed tissue compared with non-inflamed tissue
in both Crohn’s disease (2.7-fold) and Ulcerative Colitis (3.8-fold) whereas

11B-HSD2 expression was decreased in the same samples?*

The results indicate that the changes in local metabolism of glucocorticoids
could contribute to alterations in the inflammatory processes in the colon. In
contrast to the studies above, Ahmed et al recently demonstrated reduced
tissue 11B-HSD1 expression in paediatric IBD patients compared with

controls and suggested that defective local reactivation of glucocorticoids
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could result in lower 11B-HSD1 and contribute to the overall pathogenesis

of IBD?®

The exact role and interplay of cytokines and other regulatory cofactors of
the HSD enzyme system in IBD has yet to be fully defined. One in vitro
study by Ergang et al. showed tumour necrosis factor o exhibited an
upregulation of 113-HSD1 mRNA whereas interleukin-1p downregulated
11B-HSD2 mRNA in rats with experimental induced colitis?®. The interplay
between inflammatory cytokines and the HSD enzyme system in patients
with IBD could represent a novel insight into cortisol metabolism in this
patient group. To date, none of these studies have explored the effect of
11BHSD enzyme system on steroid responsiveness or the specific regulators

(including cytokines) of 11HSD pathway in IBD.
4.5 Conclusions

To date the role of 11 3 -HSD enzyme system in patients with IBD has been
minimally explored and its role in steroid resistance has yet to be defined.
We hypothesize that there are alterations in the 11 f -HSD enzyme system
in the gastrointestinal tissue of patients with steroid resistant IBD leading to
a decrease in tissue exposure to active glucocorticoids and thus a decrease
in the therapeutic effects of glucocorticoids. Our aims therefore are to

expand further on the role of the 11B-HSD enzyme system in IBD as well as
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outline the role of potential key regulators of that system and explore the

interplay of inflammatory cytokines.
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Chapter 5: The role and regulation of the 11 beta
hydroxysteroid dehydrogenase enzyme system in
patients with Inflammatory Bowel Disease

5.1 Introduction

Inflammatory bowel disease (IBD) is characterized by a dysregulated
immune response which results in chronic inflammation of the digestive
tract. Cortisol, the main glucocorticoid (GC) in humans, is secreted under
the tight control of the hypothalamic-pituitary-adrenal (HPA) axis. Pro-
inflammatory cytokines such as Tumor Necrosis Factor (TNF)-a and
Interleukin-1 B (IL-B) have been shown to stimulate glucocorticoid
production via the HPA axis during an inflammatory event. 113-HSD1 acts
as an oxoreductase converting inactive cortisone into active cortisol, whilst
11B-HSD2 acts as a dehydrogenase converting active cortisol to inactive
cortisone. Hexose-6 phosphate dehydrogenase (H6PDH) is a key regulator
of 11B-HSD1 activity via its generation of NADPH. Variations in the 11p-
HSD enzyme system in relation to levels of expression and regulation may

have a role in IBD.

The studies to date exploring the role of the 118-HSD in IBD have been
cross-sectional studies, not prospective and there have been no separation of

data relative to rates of steroid responsiveness. Also, there has been no
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assessment of the relative amounts of 11 B-HSD1:11 3-HSD2 within a single
individual which we feel may be a novel way of assessing the overall balance

of activation: deactivation of steroid within colonic tissue.

In summary, while there have been significant advances in the management
of IBD with disease modifying agents and biologic agents 2°"2%  steroids
remain a mainstay of therapy and there is still no way of predicting in which
patients’ steroids will be effective. This study will investigate tissue cortisol
metabolism in IBD in the first instance and potentially later provide an

update on mechanisms of local resistance.

5.2 Study Aims and Endpoints:

The overall study aim was the provide an understanding of the role and
regulation of the 11BHSD enzyme system in IBD and to examine the

interplay of key inflammatory cytokines in relation to the HSD system

Endpoints

To determine 11BHSD1 colonic expression in IBD patients

To determine 11BHSD2 colonic expression in IBD patients

To examine 11BHSD1 cofactor, HGPDH, expression in IBD patients

To determine the role of GR a expression in IBD patients
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e To examine the degree of colonic inflammation as determined by
clinical assessment (Harvey-Bradshaw Index, Partial Mayo score
which are simple clinical measures of activity based on key symptom
assessment.), biochemical (serum C-reactive protein (crp)) and
Histological parameters.

e To measure expression of inflammatory cytokines TNF a, IL-1p,

Interleukin-6 and Rela (subunit for Nuclear Factor Kappa B (NFKB))

5.3 Materials and Methods

5.3.1 Patient Selection

Ethical approval was sought from the Joint Research ethics committee of
Trinity College Dublin, The Adelaide and Meath Hospital (AMNCH) and
St. James Hospital. Following informed consent, IBD patients undergoing a
colonoscopy for disease assessment aged 18-80 years were prospectively
recruited. Exclusion criteria included the following: steroid therapy within 6
weeks including inhaled GCS, known Cushing’s syndrome or primary
hyperaldosteronism, significant comorbidity, or pregnancy. Patient
demographics, clinical disease activity scores (using a Harvey-Bradshaw
Index (HBI) or Mayo Score (MS)), histological and endoscopic grade of
disease activity were all recorded. Disease activity was determined as mild,
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moderate or severe based primarily on the global severity of disease
determined endoscopically using the Mayo score or CDEIS. At the time of
endoscopy, a serum C - reactive protein (CRP) level was also taken and
processed in the hospital’s biochemistry laboratory. A CRP > 5 mg/L
determined active disease. Subjects with a normal colonoscopy without a
history of IBD were also recruited and their biopsies were confirmed as
histologically normal by a consultant histopathologist. Two biopsies were
obtained from inflamed and non-inflamed colonic tissue in IBD patients
where available, whereas a single biopsy from the left colon was obtained in
controls. Standard biopsies were processed as normal in the hospitals
histopathology lab and reviewed by 2 pathologists with a special interest in

gastroenterology.

5.3.2 Processing of biopsies

The biopsies were transferred immediately into a tissue storage reagent
RNAIlater and stored at -80°C. They were later analysed in batch, using
Quantitative real time RT-PCR (Tagman) and commercially available
probes using 18 s as a reference gene. Initially relative transcript levels of
11p-HSD1 and 2 were compared amongst IBD patients and controls.
Amongst IBD patients levels were compared based on levels of disease

activity endoscopically and histologically.
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Following these results, we later went on to measure relative transcript levels
of key determinants of GC action, HOPDH, and the GRa. We then proceeded
to further evaluate gene expression of key cytokines such as TNF a, IL-1p,
Interleukin-6 and Rela (subunit for Nuclear Factor Kappa B (NFKB)) in the

same patients.

5.3.3 Reverse Transcriptase PCR

Gene expression signals were quantified with real-time PCR (Tagman) on
the colonic samples described above. Probes and Primers were obtained
from Applied Biosystems as Assays-on-Demand Gene Expression Assays
(11p-HSD1;  Hs00194153 ml, 11p-HSD2;Hs00388669 m1,  18s:
Hs99999901 sl, GR a; Hs00353740 ml, H6PDH; Hs00188728 ml, IL-
1B; Hs00174097 m1, IL-6;Hs00985639 ml, TNFa;Hs01113624 g1, Rela;

Hs00153294_m1).

Tissue samples were mechanically disrupted using the Tissueruptor (Qiagen,
Germany) and total RNA was isolated using the RNeasy kit. RNA
concentrations were determined spectrophometrically by using the
Nanodrop 2000 device (Thermo Scientific, United States). Reactions were
performed in 20ul volumes on 96-well plates in reaction buffer containing
2ul TagMan Universal PCR Master mix (Applied Biosystems, Foster City,

CA). RNA was reverse transcribed to cDNA following standard protocols
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using first strand cDNA synthesis kit (Thermo-Scientific) and stored at -

20°C.

Reactions were carried out on the Quantstudio 5 RT PCR system and relative

transcript levels were determined using 18s as a reference gene.

Figure 5.1 Reverse Transcriptase PCR
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5.3.4 Statistical Analysis

Results and patient demographics were expressed as a mean and compared
between IBD patients and controls using the Student t test or Mann-Whitney
test as appropriate, with a difference of p <0.05 considered significant.
Results were controlled for disease activity according to clinical (HBI/Mayo
score), biochemical (CRP), histological and endoscopic parameters. All
analyses were performed using Graphpad version 7 (GraphPad Software,
Inc. San Diego, California). Pearson’s correlation analysis was completed to
determine the relationship between expression of 113-HSD genes and those

of various cytokines
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5.4 Results

5.4.1 Population

To date, 72 patients have been recruited, 48 IBD (19 CD and 29 UC) patients
and 24 controls. Of these patients, matched inflamed and non-inflamed
biopsies were obtained in 17 patients. IBD and control cohorts were
demographically similar amongst IBD and control cohorts, 56% (n=27) and
67% (n=16) were male with a median age of 45 years (range 20-67) and 53
years (25-83), respectively, Table 5.1. Inall, 35% (n=17) of this IBD cohort
had mild, 38 % (n=18) moderate and 27% (n=13) severe disease
histologically. The median HBI was 7 (range 0-21) and the median Mayo
Score was 7 (range 0-12). The median CRP in the overall IBD group was
34.5mg/l (1-192.5mg/l) and for active patients the median CRP was 37mg/I

(8-192.5 mg/l) vs. 2.0mg/l (1-5mg/l) for those with inactive disease, (p=.04).
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Table 5.1: Demographic and clinical data of patients with IBD
and control subjects

Characteristic IBD (N=48) Controls (N=24)

No. of Patients N=19 CD, N=29 UC | N=24

Median Patient age (range) | 45 yrs. (17-67yrs) 53 yrs. (19-83 yrs.)

Males n= (%) 27 (56%) 12 (50%)
Median CRP (mg/l) 35.4 (1-192.5)

Median HBI score 7 (0-21)

Median Mayo score 7 (0-12)

Disease Severity

Mild n= (%) 17 (35%)
Moderate n= (%) 18 (38%)
Severe n= (%) 13 (27%)

5.4.2 11-HSDI and 115-HSD2 expression

There was a significant downregulation of 113-HSD2 in IBD patients (13.8
AU £17.1) compared with controls (318.4 AU £ 521.1) (p=0.01) as well as
compared with inflamed (50 £ 94 AU) and non-inflamed samples (74 = 109
AU, p=0.03). Overall there was no statistically significant difference seen in

levels of 11B- HSD1 across the groups; controls (390.1 + 538.7 AU), IBD
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overall (301.3 + 788.5 AU), although trends suggested higher levels in
inflamed (422.1 = 944 AU) vs. non-inflamed tissue (102.2 = 103.1 AU)
(p=0.09) Table 5.2. Levels of 11B-HSD1 and 11B-HSD2 did not vary
according to disease subtype (i.e CD compared to UC; Table 5.3. In
addition, there was no significant difference in 113-HSD1 based on
histological or biochemical activity. Consequently, the ratio of 113-HSD1
expression to 11p-HSD2 was increased in IBD patients; 81:1 vs Controls;

1.5:1, (p=0.006, 95% CI 57.7-78.5).

As non-inflamed tissue samples were similar to control tissue samples for
both 11B-HSD 1 and 2 and ratio expression, for further analyses we looked

at only inflamed and control samples to assess key regulators.

5.4.3 Expression of GR a, H6PDH and inflammatory cytokines in
inflammatory bowel disease

When comparing inflamed IBD tissue and control tissue, there was no
difference in GRa expression (4.5 = 10.2 AU vs 2.1 + 3.6 AU, p=0.4) or
H6PDH (5.2 £ 4.2 AU vs. 3.9 £ 4.2 AU, p=0.2) Table 5.2. Additionally,
GRa expression did not appear to alter according to levels of disease activity
as defined clinically, endoscopically, histologically or biochemically, Table

5.3.

114



Table 5.2: Mean mRNA Expression of 11BHSD 1 and 2, GR «
and H6PDH in patients with IBD and healthy Controls.

Mean IBD | Controls | P Inflamed | Non P Active | Inactive | P

AU N=48 [ N=24 Value | N=31 Inflamed | Value | N=37 | N=7 Value
N=17

HSD1 |301.3]390.1 NS 422 102.2 NS 4159 | 166.0 NS

HSD2 |13.8 | 3184 0.01 50 74 NS 4.8 12.2 0.01

HSD 77.7 14 0.01 45 3.7 0.04 80.9 79.2 NS

1:2

GR-a 4.5 2.1 NS 7.1 15 NS

H6PDH | 3.4 3.9 NS 7.8 2.9 NS

*NS=not significant

Levels of IL-1B, IL-6, TNFa and Rela were all significantly higher amongst

inflamed IBD tissue samples vs. controls Table 5.4. All cytokines were
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statistically upregulated in response to worsening disease activity and this
was accompanied by a significant downregulation of 113-HSD2 (active 4.8

+5.9 AU vs. inactive 12.1 + 22.3 AU, p =0.01) in response to inflammation.

Table 5.3: Mean mRNA Expression of 11BHSD 1 and 2, GR «
and H6PDH in IBD patients based on disease subtype.

Mean AU Crohn’s Disease Ulcerative Colitis N= | P value
N=19 29

HSD 1 179 390 0.6

HSD 2 14.1 9.8 0.5

GR-a 3.4 5.2 0.6

H6PDH 5.6 9.8 0.3
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Table 5.4: Mean Relative expression of 11BHSD2 and cytokines
overall and according to disease activity. In addition, Pearson’s
correlation coefficient between 11BHSD2 and cytokines overall

Mean Relative IBD [ Controls | P Active | Inactive | P R
Expression (au) [ N=24 | N=12 value | N=14 N=10 value | value
11BHSD 2 13.8 314.4 0.01 |48 121 0.01

IL-6 18.2 0.6 0.02 255 5.2 0.03 (04
TNF a 6.0 1.3 0.02 |79 2.6 0.04 |05
IL-1Beta 13.1 0.2 0.02 |17.9 5.3 0.04 0.6
Rela (NFKB) 3.1 1.0 0.03 |4.0 1.6 0.05 |05

5.5 Discussion

The hallmark of active inflammatory bowel disease is a pronounced

infiltration into the lamina propria of innate immune cells (neutrophils,

macrophages, dendritic cells, and natural killer T cells) and adaptive immune

cells (B cells and T cells). Increased numbers and activation of these cells in

the intestinal mucosa elevate local levels of tumour necrosis factor a,

interleukin-14, interferon-y, and other cytokines of the interleukin-23-Th17

pathway?®. Both endogenous and exogenous glucocorticoids play a pivotal

role in counteracting inflammation. They exert their anti-inflammatory

effect by binding to glucocorticoid receptor and interacting with potent
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transcription factors such as NFKB which inhibits the production of
cytokines and other mediators of the inflammatory cascade?®. While the
HPA axis is central to glucocorticoid control, tissue levels of 11B-HSD
enzymes are integral to the pre-receptor modulation of GC action. Local
alterations in their activity and regulation might be expected to influence the
efficacy of endogenous and exogenous GC and may further enlighten

understanding of GC resistance in IBD patients.

In addition, better understanding of 113-HSD enzyme pathway may allow
clinicians select exogenous GC less influenced by this enzyme pathway. For
example, prednisone and its inactive metabolite prednisolone share a similar
metabolism to that of cortisol and cortisone?'’. In contrast, dexamethasone
does not undergo significant metabolism by 113-HSD enzymes which may
prove to be therapeutically advantageous. Previous studies report that
dexamethasone itself is not metabolised to any great degree by 113-HSD2

compared with other steroids?*2

In our study, 11B-HSD 2 was significantly downregulated in response to
inflammation in IBD patients compared with controls. There was also a
significant downregulation in inflamed mucosa when compared to
histologically non-inflamed mucosa and controls, and levels appeared to
lower in response to worsening disease activity. This is in keeping with

findings observed in other animal and human studies which showed a
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downregulation of 11B- HSD 2 in the setting of colitis!®2032% Takashashi
et al.?!® also observed a significant downregulation of 118-HSD 2 in UC
patients, although their findings, unlike ours were not observed in CD
patients. There were no disease specific differences observed in 113-HSD2
expression in our cohort of patients. Downregulation of 113-HSD2 gene
expression in IBD tissue was associated with an upregulation in the gene
expression of key cytokines TNF o, IL-1 B, IL-6 and NFKB, which were

significantly more elevated in cases of more severe disease activity.

Our findings in a human cohort, support those observed by some cell culture
in vitro animal studies which showed potent cytokines such as TNF o and
IL-1 B result in a down regulation of 11B-HSD2!8¢1%:210 Qther recognized
cytokines common to the IBD pathway were also included in our study, IL-
6 and Rela (subunit for NF Kappa B)), and they too were associated with a
downregulation of 11B-HSD2. At present, these are associations and further
work is required to assess if there is a mechanistic link or just a link to

severity of inflammation.

In contrast, there was no significant elevation in 113-HSD1 in our IBD
patients compared with controls which contrasts with some of the previously
published animal and human studies to date. Zbankova et al. demonstrated
an upregulation of 11B-HSD 1 mRNA in rat and human specimens with

colitis versus control subjects?®®, Additionally, Stegk et al. demonstrated an

119



upregulation of 11B8-HSD1 in inflamed colonic tissue compared with non-
inflamed tissue in patients with IBD without reference to controls®4. Similar
to our study however, Ahmed et al. did report lower levels than expected of
11B-HSDL1 in a paediatric IBD cohort and hypothesised that this may play a
role in IBD pathogenesis via imbalances in pro and anti-inflammatory

proteins?®,

Our study does however show trends towards higher levels of 113-HSD 1 in
inflamed compared to non-inflamed matched samples although this did not
reach statistical significance (422.2 vs. 102.2 au, P=0.09). This may be
explained by the fact that we only had matched inflamed and non-inflamed

samples in only 35% (n=17) of our IBD subjects based on disease extent.

Overall, there was no difference seen in IBD vs. control subjects (301.3 vs.
390 au). This may be due to sampling given that 35% (n=17) of our patients
had mild disease and 40% of patients had moderate disease with the potential

for patchy disease distribution.

To our knowledge the role of HOPDH, a key cofactor required for 113-HSD
1 activity has not been examined in IBD patients to date. This study showed
no significant differences in levels of H6PDH amongst IBD patients
compared with controls. This is not entirely unexpected given that levels of
118-HSD 1 were not significantly different across the groups. Previous

studies have implicated alterations in GRo expression in steroid
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resistance’®®, however we did not observe any significant differences in GRa,
expression in our IBD group overall. Further work will be required to

compare samples from steroid responsive and resistant groups, respectively.

Conclusion 5.6

Overall, our data confirm down regulation of 113-HSD2 gene expression in
patients with IBD and this may be a factor involved in regulating colonic GC
metabolism with an increased 11B-HSD 1:2 ratio correlating with
inflammatory activity in IBD patients. In addition, our study highlights a
possible role of cytokines as potential regulators of this pathway in subjects

with IBD.

Dysregulation of this pathway could potentially explain exogenous
glucocorticoid resistance in clinical practice and further prospective work is
warranted on identification of an at-risk phenotype based on 113-HSD2
levels. The decrease in 11B-HSD2 expression in inflamed colonic tissue in
IBD patients may be a protective mechanism as a decrease in 11B3-HSD2
activity leads to a decrease in deactivation of cortisol to cortisone with
resultant increased tissue cortisol levels which act as an anti-inflammatory
agent. An interesting area which needs further work is whether there are

differences in the ability of the colon to suppress 11B3-HSD2 expression in
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patients who are steroid responsive compared to patients who are steroid

resistant.

This may also allow for trials of alternative GC treatments, such as
dexamethasone, which is not significantly metabolized by the 113-HSD

enzyme pathway.
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Chapter 6: Comparing 11B-HSD enzyme
system amongst GCS responders and
non-responders.

6.1 Introduction

As outlined in previous chapters, steroid responsiveness remains an
important therapeutic goal in IBD. However steroid resistance and
dependence remains a real concern, resulting in up to 50% of CD and 30%
of UC patients requiring surgery throughout their lifetime!#. Significant
variability in individual response rates occur when GCS are administered to
IBD patients as well as those with other inflammatory disorders. Ensuring
the efficacy and safety of GCS treatment involves the limitation of their use
as well as early recognition of GCS failure to avoid complications as well as
improve overall patient outcomes. This particularly applies to patients who
show no response to GCS but may be subjected to repeated courses and

potentially suffer considerable adverse events associated with their use.

Most of the published research relating to steroid responsiveness and
resistance in IBD has largely centred around the early identification of
predictive clinical and serological markers of resistant cohorts. Previous
studies like our own have attempted to identify clinical factors associated

with increased rates of steroid resistance. These can include disease subtype,
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presence of a fever, persistent stool frequency, blood transfusion
requirement. Indeed, our own earlier retrospective study highlighted a high
CRP, anaemia, hypoalbuminemia on day 3, as well as severe disease &
pancolitis, all predictive of GCS resistance. In addition, further studies
describe other biochemical predictors of steroid failure including low

haematocrit rates, hypokalaemia, significant thrombocytosis®!4.

The precise mechanisms behind steroid resistance in inflammatory
conditions remains unclear, but several have been proposed which are
outlined in chapter 3. Studies specific to exploring mechanisms of steroid
resistance in IBD are lacking, however. Some small studies have suggested
alterations in cytokine profiling to be associated with increased rates of
resistance in IBD patients. For example, TNF-a which has been reported to
reduce GCS sensitivity in monocytes by downregulation of the
glucocorticoid receptor, has been shown to be higher in steroid-resistant UC
patients!’”21>, Furthermore, Creed et al. examined a large panel of cytokines
and noted their levels of expression correlated with steroid response rates.
For example, high IL-10 expression significantly enhanced steroid action,

while IL-2 appeared to inhibit steroid response?:.

Interestingly in 2009, Flood et al. examined response rates to GCS in 28 UC
patients and correlated their response rates with levels of GR and NF«B.

They noted responders had significantly higher levels of GR in colorectal
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mucosa after one week of treatment with GCS compared with non-
responders and significantly higher levels of GR were found in responders
in remission, compared to levels prior to treatment. They also noted NF«xB
levels did not differ between the groups at their initial review however
increasing levels were noted only in responders as remission was

achieved?’,

The role of the 11B-HSD enzyme system in regulating the tissue specific
control of GCS has been outlined in previous chapters and specifically its
role in relation to patients with IBD has been outlined in our own study as
well as other published works. Given the important role that this enzyme
pathway plays in regulating tissue cortisol levels at the level of the GR as
well as the interplay of inflammatory cytokines, we hypothesised that
alterations in this pathway may exist in GCS resistant IBD groups. We
hypothesize that there are alterations in the local levels of 11 B-HSD enzyme

system in colonic tissue of patients with steroid resistant 1BD.

6.2 Aims and objectives:

e To prospectively report on rates of GCS resistance in a tertiary IBD

centre

e To compare levels of key regulators of the 11 B-HSD enzyme system

in both steroid resistant and responder cohorts
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6.3

Study Endpoints:

11BHSD1 colonic expression expressed in arbitrary units (au) in GCS

responders and non-responders.

11BHSD?2 colonic expression expressed in au in GCS responders and

non-responders.

H6PDH expression expressed in au in GCS responders and non-

responders.

GR o expression expressed in au in GCS responders and non-

responders.

Cytokine expression expressed in au in GCS responders and non-
responders including TNF a, IL-1p, Interleukin-6 and Rela (subunit

for Nuclear Factor Kappa B (NFKB))

Materials and Methods

Ethical approval was sought from the Joint Research ethics committee of

Trinity College Dublin, Tallaght University Hospital and St. James Hospital

to cover all hospital sites in the study. Patients over the age of 18 years who

had presented with suspected active colitis in the Inflammatory Bowel

Disease clinic requiring endoscopic assessment were invited to participate

in the study. Participants were excluded if they fulfilled any of the following
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criteria that could impact their ability to give informed consent or interfere

with the study results:

(a) Are less than 18 years old or greater than 80 years old.

(b) Are unable to give informed consent.

(c) Have taken steroids in the last 6 weeks via any route (oral, inhaled

etc) in advance of colonoscopy.

(d) Were pregnant or breastfeeding.

(e) Have a significant co-existing illness.

(f) Coagulopathy or any contraindication to undergo a colonoscopy.

(g) Have an underlying disorder which may affect endogenous levels of
glucocorticoids including Cushing’s syndrome, Cushing’s disease and

Conn’s syndrome.

Informed written consent was obtained from all participants. A serum blood
test was taken on the day of the colonoscopy for levels of C-reactive protein
on all patients. Clinical assessments using a Harvey-Bradshaw Index and
Mayo score were also performed. Baseline characteristics were also noted
including disease subtype, duration, extent, severity, concomitant
therapies, age and gender. Disease severity was determined using mayo

score and HBI scores where applicable.
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The colonoscopies were performed as per standard practice and as well as
standard biopsies, two additional biopsies were obtained from inflamed
colonic mucosa. The additional study biopsies were transferred immediately
Into a tissue storage reagent RNAlater and stored at -80°C. They were later
analysed in batch, using Quantitative real time RT-PCR (Tagman) and

commercially available probes using 18 s as a reference gene.

Severity of endoscopic inflammation was recorded using endoscopic mayo
score and CDEIS scores where applicable. Biopsies were also examined for
histological levels of inflammation by a consultant histopathologist as per

standard practice.

In the event of active inflammation requiring treatment, these patients
received a standard tapering dose of 40mg of oral prednisolone as per
standard clinical practice. If the patients required hospitalization for
intravenous steroids a dose of 100mg of Hydrocortisone four times daily was
prescribed and tapered thereafter as per best clinical practice. Inpatients
requiring IV steroids were reassessed at day 3 of admission for levels of
response. Outpatients treated with steroids were then followed up in the IBD
clinic 4 weeks later for re-evaluation of their clinical status and their
response to steroid treatment was recorded. Their clinical parameters were
documented as before and compared. A 3-point reduction from their index

mayo and HBI scores determined a clinical response. A CRP level was also
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repeated to objectively support if a patient was deemed a steroid responder
or a non-responder. An improvement from baseline CRP was considered

supportive of a response to therapy.

Patients not requiring steroid treatment were followed up in a specialist IBD
clinic as per standard IBD care and were not included in the final analysis of

this study.

Tissue samples from this IBD Biobank were examined and colonic mRNA
expression of 11-BHSD1 &2, GR alpha,H6PD, and cytokines TNF a, IL-1p3,
Interleukin-6 and Rela (subunit for Nuclear Factor Kappa B (NFKB)), were
quantified be quantified using Real-Time PCR (Tagman) as per the method
outlined in chapter 5. Their levels were then compared amongst all groups
including those with mild, moderate, and severe disease as well as

responders and non-responders.

Results and patient demographics were expressed as a mean and compared
between responders and non-responders using the Student t test or Mann-
Whitney test as appropriate, with a difference of p <0.05 considered
significant. Results were controlled for disease activity according to clinical
(HBI/Mayo score), biochemical (CRP), histological and endoscopic
parameters. All analyses were performed using Graphpad version 7
(GraphPad Software, Inc. San Diego, California). Mann-Whitney U test and

the Student T test were used where applicable, to compare levels 113-HSD
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1 and 2, GRa, H6PD and those of various cytokines amongst responders and

non-responders.

6.4 Results

6.4.1 Population

To date, 40 IBD patients requiring GCS have been recruited. Overall, 14
patients had CD and 26 UC. In all, 48% were male (n=21) with a median age
of 37 years (range 18-73). Amongst the UC patients 42% (n=11) had left
sided disease (E2), 39% had pan-colonic disease (E3) (n=10) and 19% (n=5)
had distal disease (E1). Amongst CD patients, 14% (n=2) had ileal (LI), 57%
(n=8) ileo-colonic (L3) and 28% (n=4) colonic (L2) disease, respectively.
Amongst these CD patients, 21 % (n=3) had stricturing disease (B2) and 7%
(n=1) had penetrating and perianal disease (B3p). Overall, the mean disease
duration was 7 years (range 1-14 years). In terms on concomitant therapies,
45% (n=18) were on a 5 ASA, 43% (n=17) an immunomodulator and 37%

(n=15) were on a biologic agent at the time of initial review.

The biologics in use included adalimumab (n=8), infliximab (n=5),
vedolizumab (n=1) and ustekinumab (n=1). In addition, 23% (n=9) were on

a combination of a biologic agent and an immunomodulator.
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The median HBI score for CD patients was 9 (range 7-16) and the median
mayo score for UC was 7 (range 6-12). Based on clinical scores, the
majority, 83% (n=33) had moderate disease, 12% severe (n=5) and 5% (=2)
had mild disease. The median CRP for the overall group was 41mg/l (range
0-156mg/l). At the time of colonoscopy 20% (n=8) were deemed to have
severe, 70% (n=28) moderate and 10% (n=4) mild disease activity
endoscopically. Overall, 18% (n=7) of patients required hospitalisation for
IV Hydrocortisone whilst the remaining patients were prescribed a course of

systemic oral prednisolone with a tapering dose of 5 mg weekly.

Amongst the hospitalised patients, the majority, 86% (n=6) had UC. The
median admission Mayo Score for hospitalised patients was 10 (range 6-12)
and the single CD patient had a HBI score of 10. Patients treated with oral
prednisolone had an initial median HBI and mayo score of 7 (6-12) and 8 (6-
12) respectively. Overall patients managed in the outpatients had a
statistically lower CRP (14 mg/l vs 45 mg/l) then those requiring

hospitalisation, p<0.0066, 95% CI1 9.23 to 53.18.
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Table 6.1 Study Population

Total No. of Participants

N=40

% UC 65% (n=26)
Median Age 37 yrs (18-73)
% Males 48% (n=21)
Median CRP 37mg/l (0-131mg/l)
Median HBI 9 (7-16)
Median Mayo score 7 (6-12)
Median Disease Duration 7 (1-14yrs)
Disease Severity

Mild (%) 5% (n=2)
Moderate 83% (n=33)
Severe 12% (n=5)
Disease Extent

El 12% (n=5)
E2 28% (n-11)
E3 25% (n=10)
L1 5% (n=2)
L2 10% (n=4)
L3 20% (n=8)
Maintenance Treatment

5ASA 45% (n=18)
Immunomodulator 43% (n=17)
Biologic 37% (n=15)

6.4.2 Responders and Non-responders

Overall, amongst the group steroid response rate was 78% (n=31).
Demographic data was similar across both groups. Amongst non-responders
66% (n=6) had UC compared with 64% (n=20) of non-responders. Table:
6.2 The median CRP on day 3 for hospitalised patients and week 4
outpatients appeared predictive of response amongst responders and non-
responders (30 mg/l vs. 63 mg/l, P<0.04, 95% CI 0.79 to 67.37). Non-

responders understandably appeared to have a higher HBI and Mayo score
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compared with responders at the time of re-review, (UC median 10 vs. 5
p<0.002, CD 12 vs. 5, p<0.03). Patients with more severe disease
endoscopically also appeared to have higher rates of non-response, 56%
(n=5) vs. 10% (n=3), p<0.001, 95% CI 0.18-0.73. More responders were
taking an immunomodulator (predominantly azathioprine) compared with
non-responders, 45% (n=14) vs. 33% (n=3), however this did not reach
statistical significance, p=0.5. Biologic use appeared to be highest amongst
non-responders 56% (n=5) compared with responders 25% (n=10), however
this too did not reach statistical significance (p=0.2).

Table 6.2 Baseline characteristics of responders and non-
responders

Total No of Pts (n=40) Responders (n=31) | Non-Responders (N=9) | P value
% UC 64% (n=20) 66% (n=6) 0.2
Median Age 48yrs 39yrs 0.2
Median Disease Duration | 12yrs 9yrs 0.4
Median CRP 30mg/I 63mg/I 0.04
Median HBI 5 12 0.0002
Median Mayo Score 5 10 0.03

% Severe Disease 10% (n=3) 56% (n=5) 0.002
Immunomodulator Use | 45% (n=14) 33% (n=3) 0.5
Biologic Use 25% (n=10) 56% (n=5) 0.2
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6.4.3 11p-HSDI1, 11p-HSD2, GR a, H6PDH and cytokine

expression

Overall median levels of 11B-HSD1 were higher amongst responders
(171au) compared with non-responders (23au) (p<0.05) but levels of 11[-
HSD2 did not appear to differ amongst the two groups, (19au vs.16au,
p=0.9). In addition, mean levels of H6PDH also appeared to be higher
amongst responders than non-responders, 9.6au vs 1.2 au, p<0.02. Like our
previous data, levels of 11B-HSDI1, 11p-HSD2 and H6PDH did not vary

according to disease subtype, extent, or disease severity.

Interestingly significantly lower levels of the GR-a were noted amongst non-
responders compared with responders, 0.35au vs. 3.45 au, p<0.006.
Although levels of GR-a appeared to be lower amongst resistant patients
with more severe disease 0.7 vs 3.8, this did not reach statistical significance,

p=0.3.
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Table 6.3 Levels of 11p-HSD1, 113-HSD2, H6PDH and GR-a

amongst responders and non-responders

Total No. (n=40) Responders | Non-Responders P value
(n=31) (n=9)

11p-HSD1 171 au 23 au 0.05

11-HSD2 19 au 16 au 0.9

H6PDH 9.6 au 1.2 au 0.002

GR-a 3.45au 0.35au 0.006

Overall, all cytokines appeared to be upregulated in response to
inflammation but TNF-a, Rela and 1L-6 appeared to be statistically more

elevated in non-responders compared with responders, Table 6.4

Table 6.4: Mean Relative expression of cytokines overall and
according to steroid response.

Mean Relative Expression | Responders | Non-Responders | P
(au) N=31 N=9 value
IL-6 15.2. 28 0.01
TNF-a 6.0 11 0.02
IL-1Beta 131 15.2 0.1
Rela (NFKB) 3.1 8.2 0.04
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6.5 Discussion

To our knowledge this is the first study to examine the role of the 113-HSD
enzyme system and tissue cortisol metabolism amongst GCS responders and
non-responders. In line with previous studies , the overall GCS resistance
rate amongst this cohort was 22%°%8, Like our own earlier study and
previous published works, disease severity (56% vs. 10%) and persistently
raised CRP (63mg/l vs. 30mg/l) appeared predictive of response.
Immunomodulator use again demonstrated a trend towards improved steroid
response rate but this did not quite reach statistical significance. Trends
suggested use of a biologic agent was associated with increased rates of non-
response (56% vs. 25%). This is perhaps a surrogate maker of more severe
disease however, as amongst the 5 non-responders taking a biologic agent,
60% (n=3) had severe disease compared with 20% (n=2) of non-responders

taking a biologic agent with severe disease.

In general, during an inflammatory state, upregulation of 113-HSD1 and
downregulation of 11B-HSD2 at inflamed tissue sites is considered
secondary to the local release of the pro-inflammatory cytokines. Changes
in these co-enzymes during inflammation is felt to maximise levels of

endogenous cortisol to downregulate the overall inflammatory response.
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In this study however, 113-HSD1 appeared to be lower in patients with
resistant disease (23au vs 171au, p<0.05) suggesting a potential breakdown
in cortisol upregulation in resistant cohorts. Previous studies have suggested
that potential inhibitions or deficiencies in 11B-HSD1 could attenuate local
glucocorticoid production and thus worsen acute inflammation®!®. This is
indeed what is seen in previous 11p-HSD1-deficient mouse studies, increased
severe LPS-induced (lipopolysaccharide ) endotoxemia, an earlier onset of
inflammation in the serum transfer model of inflammatory arthritis and more
inflammatory cells in these deficient mice??%??, 118-HSD2 levels did not
appear to differ across the two groups perhaps as all groups had active
inflammatory disease and reduced levels 11B-HSD2 expression would result

in increased cortisol availability.

Given the interplay between 113-HSD1 and H6PDH, it’s not surprising that
there was a significant down regulation in H6PDH in non-responders (1.2au)
compared with responders (9.6au), in response to reduced levels of 11f-
HSD1 (p<0.02). Exactly why deficient levels of 113-HSD1 happen in these
cohorts needs further work and potential mechanisms to overcome this

pathway needs exploration and may be useful in overcoming resistance.

The effects of glucocorticoids are mediated by the Glucocorticoid Receptor.
which is a ligand regulated nuclear receptor’>’. Previous studies suggest that

the number of GR in a cell positively correlate with the magnitude of
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response to GCS within a cell??2224, Limited studies exist exploring the role
of the GR in GCS resistance amongst IBD cohorts. Flood et al. reported that
higher levels of GR were noted in colonic mucosa of GCS responders
compared with non-responders?'’. Similarly, this study also demonstrates
significantly reduced GR levels amongst both UC and CD non-responders,
0.35au vs. 3.45 au, p<0.006. It has been hypothesised that the lack of
response to GCS in these patients may be due to reduced metabolic levels of
GR or due to a defective up-regulation of GR expression in effector cells?Y’.
Potentially increased levels of GR may induce treatment efficacy and
improve overall inflammatory responses to GR. These patients may benefit
from alternative pharmacological approach which may be less dependent on
the GR to achieve GCS response or potential mechanisms of increasing basal

levels of GR should be explored.

In addition, rates of inflammatory cytokine expression appeared higher in
resistant cohorts compared with responders with increased levels of IL-6
(28au vs 15.2), TNF- a and Rela(NFKB) (8.2au vs 3.1au). Franchimont et
al. previously noted that increased rates of TNF- o reduced response rates to
dexamethasone?®. Whether increased cytokine expression is a potential
marker for more aggressive disease or whether it plays a direct role in

interrupting GCS response rate remains unclear and further larger studies are
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warranted to examine their interplay with the GR and the 113-HSD enzyme

system and overall response to GCS.

6.6 Conclusions:

Overall, our data suggests that the 113-HSD enzyme system would appear
to play a role in tissue GCS resistance amongst IBD patients with reduced
levels of 11B-HSD1, H6PDH and GR- o amongst GCS non-responders. This
appears to be accompanied by an upregulation of inflammatory cytokines in
these resistant cohorts. Further work on means of GR upregulation and
increased 11B-HSD1 expression may provide a potential therapeutic

pathway to overcome GCS resistance.
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Chapter 7: Conclusions and Future
Directions

Glucocorticoids played an integral role in the management of multiple
inflammatory conditions and remain a vital therapy in managing patients
with acute presentations of IBD. This dissertation has aimed to provide a
better understanding of steroid metabolism in IBD patients overall and in
particular, to contribute to a better understanding of steroid resistance
amongst IBD patients. Steroid resistance remains significant at 22% and we
have accurately identified and reaffirmed clinical predictors of GCS failure
including an elevated CRP, significant anaemia, hypoalbuminaemia, severe
endoscopic disease and extensive disease. Early identification of these
critical clinical indicators of GCS failure could potentially avoid prolonged
GCS exposure and allow for earlier introduction of rescue therapies and
improve overall outcomes for the patients. Clinicians should be aware of
these early predictors of GCS failure in an effort to optimise outcomes for

patients.

The potential mechanisms behind GCS resistance in the literature to date
have been explored and the relevance of published exploratory data relating
to specific GCS resistance amongst IBD subjects have been outlined.

Alterations relative to tissue cortisol metabolism including alterations in the
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GR, reduced affinity of the ligand for the GR, reduced affinity of the GR to
bind DNA and altered expression of transcription factors and/ or cytokines
have all been examined in detail. In addition, the literature relating to the
11B-HSD enzyme system and IBD has been reviewed and attempts have
been made to build upon the understanding of the role and regulation of the
11B-HSD enzyme system and cortisol metabolism amongst IBD subjects

compared with healthy controls.

Our initial data concluded that 11B-HSD2 gene expression was
downregulated in patients with IBD with an increased 11p3-HSD 1:2 ratio
correlating with inflammatory activity in IBD patients. In addition, our
initial study hypothesised a potential role of cytokines as key regulators of
this pathway in subjects with IBD. We hypothesised that potential
dysregulation in this pathway may contribute to our understanding of GCS

resistance amongst IBD patients.

We later went on to examine the role 113-HSD enzyme system specifically
amongst steroid responders and non-responders. We identified that resistant
subjects demonstrated reduced levels of 113-HSD1, H6PDH and GR with
an apparent upregulation of inflammatory cytokines compared with
responders. Our results suggest a potential role for alternative GCS use
amongst IBD patients such a dexamethasone whose metabolism is less

influenced by the 11B3-HSD enzyme system. From a clinical translational
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point of view, GCS selection may have a role in a effort to reduce rates of

resistance.

Further work on mechanisms of GR upregulation and increased 11B-HSD1
expression may provide a potential therapeutic pathway to overcome GCS
resistance and potentially reduce rates of colectomy and alternative surgery

in patients with 1BD.

Alternatively, basal measurement of 113-HSD1, GR and cytokines amongst
IBD subjects could enable earlier identification of patients likely to fail GCS,
potentially avoiding cumulative serious side-effects for patients and allow

for earlier escalation of rescue therapies.
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