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Abstract

Inflammatory bowel disease is an incurable disease of the gastrointestinal tract of
unknown aetiology. The two distinct types are Crohn's disease and ulcerative colitis.
Both diseases have an imbalance of pro-and anti-inflammatory cytokines, such as

interleukin-ip, interleukin-lra and interleukin 10. Transforming growth factor beta

(TGF-P) is upregulated in active disease, though upregulation also might contribute to

mucosal healing and downregulation of inflammation. A treatment option which has
been successfully used in Crohn's disease, alone or with corticosteroids, is nutritional

therapy in the form of enteral defined formula diets, elemental or polymeric. This

improves inflammatory activity as well as the nutritional status of the patient with
Crohn's disease. In paediatric Crohn's disease patient's growth retardation may also be
reversed. The actual mechanism by which liquid enteral diets improve inflammatory

symptoms and heal the intestinal mucosal wall is not known. Hypotheses include
exclusion of dietary antigens, improvement of nutritional status, alteration of bacterial

flora, low lipid content and their low residue, reducing intestinal obstruction. The
current study attempted to answer the question whether enteral diet and its
modifications might directly influence the inflammatory response in intestinal tissue
affected by inflammatory bowel disease.

Intestinal endoscopic biopsies from patients with Crohn's disease, ulcerative colitis and
control patients were incubated in an in-vitro organ culture model for 24 hours with
elemental diet and modified enteral diets. The diets used were modified in nitrogen

composition using casein or whey instead of amino acids in elemental diet. Other
enteral diets were modified in fatty acid composition using fish oil, sunflower oil,
safflower oil, canola oil, olive oil, fractionated coconut oil, unfractionated coconut oil

and soya oil, but keeping the amino acid composition of elemental diet. The viability of
tissue after 24 hours culture was established by bromodeoxyuridine uptake. Anti-and

pro-inflammatory cytokines were measured in culture fluid by enzyme-linked

immunoassay (ELISA) and anti-and pro-inflammatory cytokine ratios of ILlra /ILip

and ILlO/ILip were used as a marker of in vitro inflammatory balance. In a further

25



experiment biopsies were incubated with enteral diets containing colostrum and enteral
diet containing whey extract enriched with TGF-p. Immunohistochemistry for TGF-P

was performed to detect differences in TGF-P 1 expression as a percentage of
immunostained tissue area per mm2.

The results of these experiments show that enteral diets have a direct anti-inflammatory

response in-vitro with an increase in anti-/pro-inflammatory cytokine ratio of ILlra /

ILlp and to some extent in IL10 / ILip. This response was different in Crohn's disease
and ulcerative colitis affected tissue and was also dependent on the specific modified
diet. Amino acid modified diets had an immuno-modulatory effect in Crohn's disease
but not in ulcerative colitis and specific fatty acid modulated diets also produced disease
and fatty acid specific response. Enteral diet modified by sunflower oil showed

significant increases in the anti-/pro-inflammatory ratio in Crohn's disease and to some

extent in ulcerative colitis, whereas incubation with enteral diet modified by fish oil was

only anti-inflammatory in ulcerative colitis but not in Crohn's disease. The results also
showed that diets containing growth factors, as in the case of colostrum and whey

extract enriched with TGF-P, led to a significant upregulation in TGF-P expression in
tissues affected with Crohn's disease but not with ulcerative colitis.

These experiments have shown that amino acid and fatty acid modified diets can have a

direct and disease specific impact on in-vitro intestinal inflammatory response in

inflammatory bowel disease. Hence, by dietary modulation, it is possible to

downregulate intestinal inflammatory response, and further adaptation of defined
formulae diet is possible. It may also be possible to use some formulations to treat

ulcerative colitis such as fish oil enriched diet, but further research into precise
mechanisms of action and palatability is required.
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CHAPTER ONE

1. Background and Aims

Inflammatory bowel disease (IBD) is an inflammation of the gastrointestinal tract of
unknown aetiology. The two distinct categories of IBD are known as Crohn's disease

(CD) and ulcerative colitis (UC). A small percentage ofpatients cannot be categorised

definitely and are labelled as indeterminate colitis.

Though the aetiology of IBD is still obscure, many factors have been suggested, both
host and environmental, which may predispose or trigger the onset of the disease. These
include environmental factors, genetic predisposition, bacterial and viral infections,
vaccination and diet. The gut is one of the largest immunologic systems in the human

body and is the main target of the disease. Intestinal involvement can profoundly affect
food processing and nutrient uptake resulting in malnutrition. Disturbance of the
delicate balance of commensal intestinal flora is postulated to be important in the

perpetuation of disease.

Numerous reports have confirmed that enteral nutrition in the form of elemental and

polymeric formulae diets lead to significant improvement of the inflamed intestinal
mucosa and a decrease in clinical inflammatory parameters. This is accompanied by an

improvement of the nutritional status of the patient, solely or in combination with
steroid therapy. Such diets are helpful in CD but in UC dietary therapy has a negligible
role. These defined formula diets are now used extensively in the treatment of CD,

especially in children.

The mechanism of action of elemental and polymeric diets in improving the symptoms

of CD are uncertain. Proposed theories include alteration of bacterial flora, low fat

content, reduced antigenicity, improved nutrition and tolerability in the presence of
mechanical obstruction. Whether these defined formulae diets have a direct anti¬

inflammatory effect on the intestinal mucosa is difficult to assess in vivo due to many
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confounding factors, and so in this thesis, a reductionist, in vitro assessment system has
been employed.

In the present study, endoscopic biopsies from patients with EBD and non-inflamed non-

IBD patients (control patients) were incubated with elemental diet and with enteral diets

specifically modified in their fat and protein composition in an organ culture model for
24 hours. The enteral diet modifications included replacement of its amino acid

composition by casein and whey proteins and manipulation of its fatty acid composition

using a number of oils such as fish oil, canola oil, sunflower oil, olive oil,
unffactionated coconut oil, fractionated coconut oil, soya oil and safflower oil.

The work presented has investigated changes in inflammatory response by measuring

surrogate markers of inflammation such as pro- and anti-inflammatory cytokines after
direct contact of intestinal tissue with different enteral diets over a 24-hour period. Pro-
and anti-inflammatory cytokines, such as interleukin ip (IL1P) and interleukin 1

receptor antagonist (ILlra), interleukin 10 (IL10) and transforming growth factor p

(TGF-P) were measured by ELISA. The inflammatory cytokine response was expressed

as the ratio of ILlra / ILip and IL10 / ILlp, compared with control (incubation with
medium alone) incubations and also as a percentage of cytokine response with reference
to medium control.

In addition this study investigated the presence and possible enhancement of TGF-P 1 in

the intestinal mucosa after incubation with enteral diets. This was performed by

incubating tissues with formulae diets enriched with TGF-p. Such preparations have

been marketed recently, for example Modulen IBD®, Nestle, UK. Differences in

immune response were estimated by immunohistochemical staining for TGF-p 1. The

results were expressed by measuring the cytokine production during incubation phase

and as percentage of TGF-P 1 staining per unit area of tissue.

Such understanding of nutrient - inflamed intestine interactions may lead to

development of better formulations to treat CD and also possibly UC.
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CHAPTER TWO

2. Literature review

Inflammatory bowel disease, both UC and CD are chronic relapsing and remitting
diseases. Despite remarkable advances in management, the aetiology of IBD is still not

known, though a variety of initiating triggers have been suggested. The incidence of UC
has been estimated to be approximately 10-20 per 100.000 per year with a prevalence of
100-150 per 100,000. The incidence of CD is approximately 5 per 100.000 with a

prevalence of 50 per 100,000 (Binder 1998).

As the aetiology of the disease is not known a curative therapy is not possible.
Therefore the treatment is generally symptomatic, and ideally aims to maintain a long-
term remission phase, whereas treatment in severe exacerbations may include surgical
intervention to deal with severely affected areas of affected bowel or to avoid possible
life threatening complications.

This literature review will discuss differences between CD and UC and their nutritional

therapies. Further it will give a brief overview of the immune system and the
involvement of lipids in immunoregulation. Chapter 3 will concentrate on the broad

spectrum of medical therapy in IBD, quality of life and pharmacoeconomics.

2.1. Inflammatory bowel disease

IBD refers to two distinct manifestations of chronic intestinal inflammation, known as

CD and UC. This disease can develop during childhood or adolescence in 20-25% of

patients (Griffiths, 1998). The incidence of CD in children and adolescents seems to be

higher in Scotland (Armitage et al., 2001; Armitage et ah, 1999) compared with the

European mainland and continues to rise, whereas in Germany the incidence of CD has
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not been increasing in the last 15 years (Timmer et al., 1999). It appears that IBD is
more common in the Western world compared with the developing countries, though
this geographical distribution seems to change as these countries become more

influenced by western life style. These life style changes involve improved sanitation,
increased uptake of vaccination, increasing dietary fat/refined sugar and exposure to

enteric infections at a later age. The actual cause is still obscure, despite the fact that
some factors are widely implicated in the pathogenesis, including genetic

predisposition, environmental factors, commensal bacterial flora and immunological

dysfunction leading to chronic inflammation. In UC smoking appears to convey a

protective effect, as only 10% ofUC patients are smokers, a significantly lower

proportion compared with CD and normal population (Rampton D.S. and Shanahan,

2000). The effect of diet is discussed in a separate paragraph. Specific infections such as

mycobacterium paratuberculosis or measles and vaccination have been implicated but
do not seem to be involved (Feeney M.. et ah, 1997),(Ghosh et ah, 2001). Further, a loss
of immunological tolerance and disturbance of enteric flora, appendectomy (protective
in UC) and stress might influence the development of the disease. Figure 1 pictures the

presumed aetiological factors involved in IBD. Recently the NOD2 / CARD 15
mutations have been associated with the development of CD, especially ileal CD

(Ahmad et ah, 2002).
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Figure 1 Proposed factors involved in IBD
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IBD causes inflammation of the gastrointestinal tract (Gl-tract) and extra-intestinal
manifestations. In CD this can affect the whole Gl-tract from the mouth to the anus.

However in UC only the colon is involved. The macroscopic features ofCD include

aphthous ulcers, progressing to deeper ulceration, cobblestoning, fibrosis, strictures and
fistulation. The combination of inflammation and fibrosis results in intestinal strictures

accompanied by obstructive symptoms or local perforation of the intestinal wall, which
can lead to abscess formation. The histological appearance in CD is characterised by
transmural chronic inflammation, ulceration and microabscesses. Non-caseating

granulomas are characteristic, but not always present. An increased risk of cancer is

present in the chronically inflamed small intestinal, colorectal and anorectal mucosa.
Active CD is accompanied by abdominal pain, rectal bleeding, anorexia and weight
loss.

UC presents differently in many respects, normally being confined to the rectum or

spreading more proximally. In severe UC the distal ileum can also become involved and
is described as backwash ileitis. The appearance of the colon is characterised by diffuse
mucosal inflammation with hyperaemia and granularity. In severe cases this can lead to

appearance of pus on the mucosal surface and blood loss due to extensive ulceration.

Histologically the disease is characterised by acute and chronic inflammatory infiltrates
in the lamina propria and crypts, which may result in the typical crypt abscesses. This is

usually followed by distorted architecture of the crypts and goblet cell depletion due to

loss ofmucin. The mucosa is oedematous and ulceration of the epithelium occurs. The
common clinical features in UC are rectal bleeding, passage ofmucus, urgency, bloody
diarrhoea and abdominal pain.

In both CD and UC, extra- intestinal complications may occur. These include joint and
bone problems such as arthropathy and arthritis, ankylosing spondylitis and

osteoporosis; eye and skin problems such as iritis, episcleritis and uveitis, erythema

nodosum, and other complications such as uric acid stones, oxalate stones, fibrosing

alveolitis, hepatic steatosis, chronic active hepatitis, sclerosing cholangitis and cirrhosis.
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Involvement of the biliary tract is also characterised by cholesterol gallstones in
terminal ileal CD or after resection of diseased bowel. The mucous membrane of the

mouth may be affected by aphthous ulcerations or cobblestoning of the buccal mucosa.
Haematinic abnormalities include iron, serum B12 and folate deficiency. Weight loss is

very common and in children growth retardation is associated with severe disease

(Rampton D.S. and Shanahan, 2000; Kamm, 1996). The characteristic features ofCD
and UC and their differences are summarised in Table 1. Figure 2 and Figure 3
demonstrate endoscopic images ofCD and UC.

r ^

Figure 2 (left) Endoscopic image of CD
Figure 3 (right) Endoscopic image of UC
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Table 1 Differences between Crohn's diseae and Ulcerative colitis

Crohn's disease Ulcerative colitis

Disease features

Smoking Smokers Non-smokers or ex-smokers

Long latent period yes No

Genetic susceptibility ++, non-major histocompatibility
complex, NOD 2

+, HLA class II

Osteopenia at diagnosis Yes No

Oral and perianal disease Yes No

Growth failure ++ +

Anatomy of involvement Entire gut, rectal sparing Colon

Histology and Immunology
Granuloma, structure, fistula Yes Generally no

Transmural inflammation Yes No

Cytokines formal IL4 and IL5; increased IFN-y
and IL12

Increased IL4 and IL5, normal IFN-y
and IL12

Associated autoimmune disease No Yes

Mucosal IgG subclass IgG2 IgG 1
Autoantibodies + +++

Management

Response to antibiotic Yes No

Nutritional therapy Effective Not effective

laintenance with 5-aminosalicylic acid Small benefit Effective

Ileoanal pouch Generally no Yes

Recurrence after surgery Yes No (apart from pouchitis)
Extraintestinal manifestations

Sclerosing cholangitis + +++

Autoimmune hepatitis + +++

± equivocal associated; + weakly associated; ++ moderately associated; +++ strongly associated
(Adapted from (Ghosh et al., 2000).
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The severity of the disease can be estimated in CD and UC by the so-called Clinical
Disease Activity Indexes, which have been established by several investigators. These
include the activity index in UC, simplified by Walmsley et al (Walmsley RS et al.,

1998); the Crohn's Disease Activity Index (CDAI) by Best et al (Best et al., 1976); the

Harvey Bradshaw index (Harvey R.F. and Bradshaw J.M., 1980), the van Hees Index

(van Hees et al., 1980) and newer approaches to establish disease activity (Walmsley
RS et al., 1998). In the paediatric population separate indices are used to assess disease

activity in CD (van Beers-Schreurs et al., 1998). The main parameters recorded for adult
CDAI are summarised in brief as follows. The CDAI (Best et al., 1976) involves

recording on a weekly diary card a number of clinical features - the number of stools of
loose consistency, abdominal pain graded from none to severe and general well being.
In addition, existing fistulas, abscesses, anal fissures as well as extra-intestinal

complications are counted. Further drugs to counter diarrhoea, presence of abdominal

mass, haematocrit for males and females, body weight, standard weight and deviation of
actual weight from ideal weight in percentage are recorded. These single clinical

parameters are multiplied by weighted factors to obtain the final score as an index. It is

customary to consider the CDAI score above 150 points as active and reaching above
300 points as severe activity. The activity index of Best et al is also generally widely
used in practice in a modified form by Hees et al (van Hees et al., 1980). The severity
index ofHarvey and Bradshaw (Harvey R.F. and Bradshaw J.M., 1980) is simple, based
on a 5 item scoring system of general well being, graded 1 to 4; abdominal pain, graded
1 to 3; abdominal mass and intestinal and extra-intestinal manifestations. These latter

indices do not include laboratory criteria of inflammation, such as erythrocyte

sedimentation rate (ESR), C-reactive protein (CRP) and plasma viscosity.
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2.1.1. Nutritional morbidity in inflammatory bowel disease

Nutrition in IBD and the nutritional status of the patient with IBD are major issues in
this disease. Nutritional disturbances in the form ofweight loss, diarrhoea,

malabsorption and anorexia with inadequate intake of nutrients are common features

leading to malnutrition. Malnutrition influences the morbidity due to the disease and
also affects the immune system, which may already be impaired by steroids and

immunosuppression. An increase in energy expenditure might be caused by

inflammatory cytokine production and fever (Griffiths, 1998). This nutritional depletion
and depleted body stores of essential nutrients and impaired defence mechanisms can

have extensive short and long term effects in patients with IBD. Inadequate nutrition
leads to loss of growth velocity in paediatric IBD patients (McCartney and Ballinger,

1999; Ballinger et al., 2001). Decreased bone density is multifactorial and is well

recognized in IBD, especially CD (Ghosh and Meister, 2000). Careful dietary

supervision and estimation of the nutritional status in patients with IBD are essentia!

components of the monitoring of these patients. This should include weight and height
measurement in all, and also height velocity, which is especially important in paediatric
IBD (McCartney and Ballinger, 1999). Body composition measurements, by caliper
skin fold measurements or bioelectric impedance analysis (BIA) measurements are easy

to perform (Ghosh et al., 1997), while more sophisticated scans, such as Dual-Energy

X-ray Absorptiometry (DEXA) may be used for investigating bone density to estimate
the risk for developing osteopenia and osteoporosis. (Ghosh and Meister, 2000; Boot et

al., 1998). The haematological and biochemical investigations to assess nutritional
status involve full blood count, Prothrombin Time, plasma iron, albumin, folic acid, B12,
and Vitamin A, D and E measurements. A total nutrition screen involving vitamins,
macro - and micro- nutrients should be performed at least annually in vulnerable

patients, such as those with extensive small bowel involvement or extensive surgical
resections or more frequently if artificial nutritional support is required.

Defined formulae diets such as polymeric or enteral diets can be given as primary

therapy or combined with steroids and this will be discussed in details separately. In
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general, no specific diet plans or generalised diet recommendations are established for

patients with IBD as there are for diabetes mellitus, lipid disorders or gout. Suggestions

concerning which food might need to be avoided have been obtained out of experience
of patients, or out of food exclusion or food reintroduction trials after courses of enteral
diets (Pearson et ah, 1993). Since in CD the entire gut can be involved, including the
duodenum and small bowel, malnutrition is a more common feature of the disease. Fat

uptake can be disturbed as a result of disturbance ofbile acid metabolism, fat
emulsification and mucosal damage. Malabsorption of protein, carbohydrate, minerals
and vitamins also occur. Decreased uptake of fat can lead to steatorrhoea accompanied

by loss of fat-soluble vitamins, such as Vitamin K (important for blood clotting),
Vitamin D (Calcium homeostasis, bone density), Vitamin E (important antioxidant),
Vitamin A (visual acuity) and minerals. Lactose intolerance may be present, as the

enzyme lactase may be deficient in the inflamed mucosa. The terminal ileum is

frequently involved, where Vitamin B12 is reabsorbed and this can result in

megaloblastic anaemia and neuropathy. Due to inflammation, protein is lost across the

gastrointestinal mucosa, contributing to weight loss and a depressed immune system. In
the active stage, mineral loss occurs as a result of diarrhoea. Depleted zinc (Zn) stores
are more common in CD than in UC and Zn has a positive benefit on the inflammatory

process. Since only the colon is affected in UC, these patients are seldom as

malnourished or anorectic compared with CD patients, although fluid and mineral
losses occur in association with diarrhoea. High fibre diets should be avoided in the

presence of intestinal strictures, but processed fibres in softly cooked forms, or peeled
and blended fruits can be attempted (Mueller, 2001). Some studies have proposed the

use ofmilk free diets in UC (Wright R. and Truelove S.C., 1965). Some authors have

suggested that a high intake ofmonounsaturated fat and polyunsaturated fat and
Vitamin B6 may enhance the risk of developing UC (Geerling et al., 2000), while other
authors have found that fish oil, a major source of polyunsaturated fatty acids (PUFAS)

of omega 3 (co-3) type, improves inflammatory symptoms (Grimble and Tappia, 1998)

(Meydani and Dinarello, 1993). A high intake of co-3 PUFAS may be desirable rather

than monounsaturated fatty acids (MUFAS), as these have been found to play a

beneficial role in increasing the concentrations of certain eicosanoids, which assist

inflammatory downregulation (Hunter, 1998). The medical treatment of IBD is
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discussed in details in chapter 3 and the next section concentrates on nutritional
treatment. Most of the medical treatment of IBD is associcated with considerable side

effects and hence the attraction of nutritional therapy. For example, dietary therapy is
associated with a reduced risk of osteoporosis compared with steroid therapy (Dear KL
et al., 2001).

2.1.2. Nutritional treatment in inflammatory bowel disease

Nutritional treatment is one of the major therapies in IBD. It improves and boosts the
immune system, helps to increase the depleted body stores caused by high cell turn over

and can help to restore body weight (Ferguson et al., 1998). Enteral nutrition can lead to

decreased intestinal permeability and reduced inflammation (Teahon et al., 1991). Just
how enteral diets improve the inflammatory activity is still unknown. Teahon et al

(Teahon et al., 1995) summarised various hypotheses including withdrawal of food

antigens, reduction of fat intake, decrease and alteration in luminal bacteria, reduction in

pancreatic and biliary secretion, bowel rest and improvement in nutritional status.

In animal studies comparing enteral and parenteral nutrition, loss of intestinal barrier
was greater in rats fed parenterally than with enteral diet, indicating that host immune
function is better preserved with enteral feeding (Deitch et al., 1995) with less bacterial
translocation. However a study by Xu et al (Xu et al., 1998) investigated the effect of
enteral and parenteral diets on bacterial translocation in rats. The results confirm that
both enteral and parenteral nutrition promote bacterial translocation and an impairment
of the systemic and intestinal immune response with an improvement in immune

response by the addition of dietary fibres. Nutritional intervention should always be

considered, especially in childhood CD, where enteral nutrition has been shown not

only to reduce relapse rate but also to improve linear growth in the growth retarded
child (Wilschanski et al., 1996), associated with a decrease in linear growth inhibitory

cytokines (Ballinger et al., 2001).
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Teahon et al (Teahon et al., 1995) investigated whether the benefits of growth

improvement with nutritional therapy in paediatric IBD might be due to the improved
nutrition per se, or to a reduction in inflammation. The results illustrate a reduction of

inflammatory symptoms within two weeks of treatment, which did not correlate

significantly with nutritional variables. Independently and after disease remission the
nutritional status improved in most cases.

Although the definition of remission and relapse after enteral diet treatment can often be
a subject of controversy (Teahon et al., 1990), remission is usually defined as decrease
of the CDAI to less than 150 or the Harvey-Bradshaw index to less than 3 (Giaffer et

al., 1990). Remission is associated with a decrease of specific laboratory indices such as

ESR and CRP, normalisation of plasma albumin and Haemoglobin (Hb), or decrease of

ILip and IgG in whole gut lavage fluid (Ferguson et al., 1998). The duration of
treatment with enteral diets is generally accepted to be three to four weeks, with

improvement in inflammation in the first two weeks (Teahon et al., 1991). Enteral
nutrition can be taken orally by drinking, but is better taken chilled because of lack of

palatability. Another form of administration is by naso-gastric tube, often used for
children in overnight feeds, patients who cannot tolerate the taste or in patients who are

too exhausted and ill to drink. For long-term enteral feeding a feeding tube can be

inserted, using minimal surgical intervention, either as a percutaneous endoscopic

gastrostomy (PEG) or as a jejunal feeding tube. These require special aftercare for
maintenance and prevention of infections. Supplemental enteral feeding with elemental
or polymeric diet is also effective in the maintenance of remission in CD and this argues

against it being solely an exclusion diet (Verma et al., 2000). Several studies have been
carried out to determine whether enteral nutrition is superior in the treatment of active
IBD to medical treatment with corticosteroids. The results are controversial. Gorard et

al (Gorard et al., 1993) have shown that elemental enteral nutrition can be as effective
as prednisolone in short-term treatment of active CD. They further showed, in this small

cohort, that there was no difference in positive treatment response of elemental diet in
well-nourished and poorly nourished patients, which would suggest that improvement
of nutritional status may not be the only explanation. The results of the European Co¬

operative Crohn's disease study IV (Lochs et al., 1991) postulated that enteral nutrition,
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which was in this case a protein-hydrolysed diet containing oligopeptides rather then
free amino acids as in elemental diet, was less effective in active CD compared with

drug treatment using corticosteroids and sulphasalazine. These results were summarised
in a meta-analysis by Griffiths et al (Griffiths et ah, 1995) (which includes also the two

previously mentioned citations), who concluded that liquid diets given enterally or

orally combined with bowel rest, were consistently less effective than conventional oral
steroid treatment. However these trials excluded paediatric studies, where the benefits
of nutritional therapies have been demonstrated in a meta-analysis of only paediatric

papers suggesting that nutritional therapy was as effective as corticosteroids

(Heuschkel, 2000).

In CD nutritional therapy may be used as primary therapy to modulate inflammatory

activity, while in all IBD patients nutritional support is important in correcting
undernutrition and in maintaining nutrition. As mentioned above, meta-analysis of
defined formula liquid diet in CD vs. corticosteroids consistently confirm superior

efficacy of the latter. Griffiths et al considered eight randomised controlled trials of
enteral nutrition against corticosteroids, involving 413 patients, and reported that enteral
nutrition was inferior to corticosteroids (pooled odds ratio 0.35; 95% confidence
interval 0.23-0.53) (Griffiths et al., 1995). Fernandez-Banares et al (Fernandez-

Banares, Cabre, et al. 1995 ID: 1749} considered 16 randomised trials that fulfilled
defined entry criteria, and calculated the pooled odds ratio for all types of enteral diets

compared with steroid therapy as 0.35 (95% confidence interval 0.23-0.53). Therefore,

meta-analysis of eligible trials confirms the superiority of corticosteroid therapy over
defined formula liquid diets. However, these meta-analyses have combined studies in
which a variety of chemically defined elemental and polymeric, diets have been used.
Adult and paediatric patients have been combined. Griffiths et al also reported on five
trials including a total of 134 patients showing no difference in the efficacy of elemental
versus non-elemental formulae (pooled odds ratio 0.87; 95% confidence interval 0.41-

1.83) (Griffiths et al., 1995). There is no doubt that defined formula nutritional therapy

may be invaluable in CD children with poor nutritional status and impairment of growth
and development. Whether modulation of enteral formulae can lead to better efficacy
will be an important area of future research.
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In UC, nutritional support is important, but nutritional therapy has little role to play in

modulating inflammatory activity. Intestinal rest with total parenteral nutrition (TPN) is
not superior to enteral nutrition, as shown in a prospective randomised trial on 42

patients (Gonzalez-Huix et al., 1993). Though TPN offers no additional benefit in UC

patients treated with corticosteroids, it may have primary effects on acute Crohn's
colitis (Seo et al., 1999).

2.1.2.1. Total parenteral nutrition

Total parenteral nutrition (TPN), par enteron, is a nutritional therapy, which excludes
nutrients from the gastrointestinal tract. TPN requires the application of chemically
defined sterile nutrients via an intra venous (i.v.) access. The i.v. access can be either

'peripheral' or 'central'. The central option is often chosen if the patient needs high
volumes of high osmolality1 solutions, which are not suitable for peripheral access. TPN
is often used in major gastrointestinal surgery to ensure wound healing, short term
nutritional therapy and adequate fluid intake. TPN is an optional treatment in IBD when
bowel rest is indicated to prevent further nutritional deterioration. This may be a useful

adjunct to the treatment of CD, especially severe, complicated and fistulising disease.

2.1.2.2. Polymeric and Oligopeptide diet

Polymeric diets are defined formula diets, where the ingredients are prepared

commercially by a designated procedure to ensure that their composition is established

fairly well but not necessarily with a 100% chemical precision. Polymeric diets contain
macronutrients in the form of proteins, triglycerides and carbohydrate polymers. The

range ofpolymeric diets supplied by different manufacturers is considerable. These

1
Osmolality: measures the concentration of molecular and ionic particles in a solution.
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solutions contain whole proteins, generally isolated from casein, lactalbumin, whey, egg
white or a combination. The carbohydrates are mostly glucose polymers such as starch
and its hydrolysates. The fat content derives from vegetable oil, such as corn oil,
safflower oil, sunflower oil, or others. Vitamins and essential minerals and trace

elements are present to provide the appropriate quantities according to the
recommended daily allowances (RDA). The osmolality varies between 300 and 450
mosmol/L in solutions containing 1 kcal/ml. (Shike, 1994). In a study by Raouf et al

(Raouf et al., 1991) the effect of a whole protein / polymeric diet vs. amino acid diet as
a sole treatment in active CD was tested. This confirmed a therapeutic effect of both
forms of enteral feeds in CD, but showed that the low residue of elemental feeds might
be important in patients with intestinal strictures.
Other forms of enteral nutrition are semi-elemental or oligopeptide diets, which contain

oligopeptides rather than short chain (whole) proteins. The carbohydrates are dextrin
maltose polymers and the lipids are long-chain and medium-chain triglycerides,

approximately 12-40% (Cezard and Messing B., 1993).

Mansfield and his group (Mansfield et al., 1995) investigated the effectiveness of

oligopeptide diet vs an elemental diet in active CD. They showed that both diets
induced remission in active CD, and seemed to be effective regardless of site of disease
and duration of disease. The oligopeptide diet used was from hydrolysed whey proteins
with 4-5 amino acids. In this study it was also confirmed that oligopeptide and amino
acid diets were exerting an anti-inflammatory effect by reduction of leukocyte

migration. Verma et al (Verma et al., 2000) reported a double-blinded randomised study

comparing polymeric vs. enteral diet, and found both diets effective in inducing
remission in CD. The authors suggest that the molecular or peptide structure of the

nitrogen source is unlikely to influence the therapy in acute CD. The study also showed
that newly diagnosed patients with untreated CD were more likely to respond to dietary
treatment. Polymeric diets often contain more than 30% of total calories as fat with
different proportions of fatty acids components such as oleic and linoleic acid, with a

hypothesis that diets high in oleic acid were producing higher remission rates than those

diets high in linoleic acid. Finally the study by Verma et al proposes the use of

polymeric diets as primary therapy especially in newly diagnosed CD (Verma et al.,
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2000). A recent study by Fell et al (Fell J.M.E. et al., 2000) investigated the effect of a
casein based polymeric diet, which was rich in transforming growth factor p2 (TGF-

(32) on inflammatory cytokine mRNA production in colonic biopsies from paediatric
CD patients before and after treatment. The results showed a decrease in mucosal IL1-

P mRNA, in IFN-y mRNA and in IL8 mRNA after treatment but no treatment response
in IL10 mRNA. Mucosal biopsies after treatment showed significant improvement and

healing. An increase in TGF-pi mRNA expression in the ileum was observed, which

could be a result ofTGF-P added to the diet.

2.1.2.3. Elemental diet

Elemental diet is also categorised as a defined formula diet. These liquid diets contain

protein in the form of free amino acids, which have their origin from casein, whey or
other protein hydrolysates. The absorption of these 'nitrogen carriers' is rapid and but
the osmolality is high. Since elemental or monomeric diets require little or no digestion,
these have some physiological advantages. The carbohydrates in these solutions are

partly hydrolysed starches such as maltodextrine and glucose oligosaccharides. The fat
content is generally a mixture of medium chain and long chain triglycerides of plant

origin. The osmolality ofmonomer solutions ranges between 400 and 700 mosmol/kg

(Shike, 1994). In a long-term follow up study Teahon et al (Teahon et al., 1990)

investigated the outcome of elemental diet therapy with and without steroids. The
results suggest that elemental diet is a successful treatment in acute CD, giving
remission rates comparable with steroid therapy. Patients with jejunal and ileal disease
had a more rapid and symptomatic response than those with ileocolonic, colonic or

perianal disease. Although these studies show that elemental or polymeric diets decrease

inflammatory parameters and increase remission rate, the mechanism of this effect is
not yet defined. Serizawa et al (Serizawa et al., 1994) has investigated the influence of

long-term ingestion of elemental diet on lymphocyte transport and immune response of
the gut-associated-lymphoid tissue (GALT) in rats. There were no significant

morphological changes in Peyer's patches or intestinal villi of the small intestine after
four weeks of treatment. No bacteriological differences were found between elemental
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and control group. In conclusion, the group proposed that the effectiveness of achieving
remission in CD using these diets might, in part, be due to an immunological effect.

2.1.2.4. Polyunsaturated fatty acids in enteral diets and as dietary

supplementation

Modification of enteral diets with polyunsaturated fatty acids, especially co-3 fatty

acids, has become a subject of great interest with their benefits being demonstrated in
several allergic, cardiac or autoimmune diseases. Lorenz et al (Lorenz et al., 1989)

studied the influence of co-3 fatty acids derived from fish oil on chronic IBD in a

prospective, randomized, double-blind, placebo-controlled cross-over trial. Thirty-nine

patients (CD n=29, UC n=10) were entered into the 7-months trial. The fish oil was

given as capsules (Maxepa, Germany), containing 19 % eicosapentaenoic acid (EPA) 14

% docosahexaenoic acid (DHA), and 25 % and 30 % monounsaturated and saturated

fatty acids, respectively. This provided about 1.8 gm EPA and 1.3 gm DHA. Three

capsules per day were taken over 3 months following a wash-out period of 4 weeks and
were switched to the alternate preparation taken in phase II of the trial, such as placebo

75 % oleic acid, and 8 % and 15 % co-6 PUFA and saturated fatty acids. During fish oil

supplementation plasma phospholipid fatty acid analysis showed a threefold increase in

EPA and a twofold increase in DHA, associated with a significant decrease in co-6 fatty
acids of linoleic acid and arachidonic acid. Overall the results indicated a more obvious

benefical effect of co-3 fatty acids in UC. The study confirmed an alteration of the

eicosanoid profile and a small improvement of the morphological appearance after the
treatment period in both diseases. A study by Lorenz-Meyer et al (Lorenz-Meyer et al.,

1996) investigated the effect of co-3 fatty acids capsules (55 % EPA, 30 % DHA) and a

low carbohydrate diet of less than 84 gm carbohydrate per day in patients with CD. 23

centres recruited a total of 204 patients. Patients were considered for admission to the

trial and were included once they reached remission (CDAI <150) with conventional

steroid therapy over a 3-month period. The proportion of patients without relapse over a

year was similar in the placebo group and active treatment group (intention-to-treat
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analysis: placebo 30%; active treatment 30%; protocol-adhering patients 29% vs. 28%).
Patients gained benefit (53%, p=0.023) for as long as they maintained the diet.

However, using intention-to-treat analysis (diet group 40%) this did not show a

significant difference when compared with placebo. In summary, co-3 fatty acids did not

extend the remission in CD. French et al (French et al., 1997) designed a study to

investigate whether intake of a diet with a high polyunsaturated to saturated fatty acid
ratio would influence the absorption-oxidation of polyunsaturated fatty acids in CD. It
has been shown that difference in fatty acid pattern of polyunsaturated and saturated

fatty acids (P/S - Quotient) may influence intestinal function, transport processes and

transporter activity as reported in rats (Esteve-Comas et al., 1993). A high PUFA diet
increased the transport of saturated and monounsaturated fatty acids, such as palmitic,
stearic and oleic acid in brush border membrane of rats, whilst the uptake ofmedium-

chain fatty acids was unaffected. The results indicated that the co-6/co-3 ratio of 60 in

this diet had a more beneficial effect than P/S ratio itself in CD (Esteve-Comas et al.,

1993).

2.1.2.5. Proteins and amino acids in enteral diets

The addition of nitrogen components, in the form of oligopeptides, proteins or single
amino acids in enteral polymeric and elemental diets, respectively, were dealt with in
the above paragraph ' polymeric and oligopeptide diets'. The following paragraph will

give a short summary of the general importance of proteins and amino acids in enteral
diets.

Proteins and amino acids are essential in all mammalian cells. Twenty L-amino acids,
known as proteinogenic amino acids can be incorporated into proteins. Eight of these
amino acids are essential and have to be supplied by diet, as the body is unable to

synthesise them. Dietary proteins are essential luminal growth factors for intestinal
mucosa in terms of growth and development. Prolonged feeding of protein deficient
diets results in significant hypoplasia of small intestinal and colonic mucosa in rats

44



(Loser et al., 1999). Dietary glutamine, glutamate, aspartate and arterial blood glutamine
are the major fuels for the small intestinal mucosa. These are needed to provide energy

for intestinal adenosine-tri-phosphate (ATP) dependent processes necessary for the
active transport of nutrient and for high rates of intracellular protein turn over (Wu,

1998). Peptides in the Gl-tract have different functions and can be categorised

according to their specific roles. These can act as mucosal integrity peptides, such as

transforming growth factor a (TGF-a) and pancreatic secretory trypsin inhibitor, which

are expressed in the mucosa of the whole Gl-tract and help to maintain normal mucosal

integrity. In addition there are luminal surveillance peptides, such as epidermal growth
factor (EGF) and rapid response peptides such as spasmolytic polypeptides. The latter
are upregulated in mucosal damage and are most likely to be important in early mucosal

repair (Playford, 1995). Playford et al have suggested that addition of specific proteins
to enteral diets such as casein may prevent intestinal atrophy after TPN and preserve the
intestinal mucosa (Playford et al., 1993). The results showed that human EGF and TGF-

a were protected from digestion by fasting human intestinal juice in the presence of

casein and in the presence of soybean trypsin inhibitor. This effect was only achieved

by whole proteins and not by the equivalent amino acid composition in elemental diets.
However Wu et al (Wu, 1998) have shown the importance of specific dietary amino
acids in the maintenance of the intestinal mucosal mass and integrity, e.g. ornithine, the
immediate precursor of polyamine synthesis, which is essential for proliferation,
differentiation and repair of intestinal epithelial cells. Also arginine the physiologic

precursor ofNO is important in regulating blood flow, integrity, secretion and epithelial
cell migration while glutamate, glycine and cysteine precursors of glutathione, are
critical for intestinal mucosal defence against toxic and peroxidative damage.

Special interest has increased in recent years in milk-derived proteins and growth
factors and attention was given to the effects of colostrum protein, casein and whey

proteins. Whey, derived out of the production of cheese, attracted considerable interest

especially in food producing industry as so called functional foods (physiologically
functional foods, nutraceuticals, pharmafoods or designer foods), which have health
benefit when consumed (Mcintosh GH et al., 1998). Lactoferrin and lactoperoxidase are

two major milk proteins and can be purified out ofmilk, especially whey and have
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attracted attention as by-products in enteral diets with their immunological effects.
Lactoferrin is also present in biological fluids (such as colostral breast milk, mature
breast milk, tear fluid, seminal plasma, synovial fluid, saliva, cow's colostral whey and
cows milk). In vivo and in vitro properties of lactoferrin have shown (a) effects on iron

absorption, (b) antioxidant effect, (c) antimicrobial, (d) antiviral, (e) anti-inflammatory
and immune modulating effects, (f) even possible anti-cancer properties (Steijns JM and
van Hooijdonk ACM, 2000). Kuwata et al have shown that lactoferrin is resistant and
survives proteolytic degradation in the small intestine of adult rats (Kuwata H et al.,

2001). Casein, a main component ofmilk, constituting about 80% of total milk protein
fraction (Shah, 2000) consists of four major fractions, alpha si (asl,), alpha s2 (as2),

beta (P) -casein and kappa (k)- casein. Beta-casein and its opioid peptides are known as

P-caseomorphins and have shown having immunomodulatory activities, such as

promoting antibody synthesis and phagocytosis (Wong et al., 1996). All of these milk-
derived proteins have bioactive properties, but further research is required to fully
exhaust the possibilities of these natural components.
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2.2. The mucosal immune system of the intestine

The GI tract is the largest immunologically active system in the body. Several

lymphatic organs such as spleen, lymph nodes, liver, the thymus gland in children for T-
cell maturation, as well as bone marrow, contribute to the body's defence mechanism.
The Gl-tract is covered by a mucous membrane, and this mucosal surface reaches a size

of 400 m2 in adults (Nicoletti, 2000).

The epithelium acts as a physical barrier and the cell membrane prevents bacteria and
non-invasive virus from entering the underlying lymphoid tissue. Further mechanisms
of protection are inter-enterocyte cell - cell connections, so called tight junctions, which
can prevent small peptides from passing through the epithelium (Mayer, 2000). The

epithelial cell layer is followed by a loose overlying lymphoid tissue, the lamina

propria, which lies directly beneath the epithelium and acts not only as a supportive

tissue, but also contains immune competent cells and the gut-associated lymphoid tissue

(GALT) (Myrvik, 1994; Mayer, 2000) (Nagura et al., 2001). The epithelial barrier is

composed of glycocalyx, glycoproteins and mucin overlying the epithelial layer as a

thick mucus rich cover where it acts as an important first barrier as well as an interface
between the intestinal lumen and the intestinal internal environment. The mucus layer is
rich in water and contains glycoproteins, serum proteins and immunoglobulins and can

be altered in the diseased state. For example, a thinner mucus layer and an altered
mucin composition was found in UC compared with CD (Nagura et al., 2001) (Corfield
et al., 2000).

In the Gl-tract, all mucosal surfaces and their associated lymphatic structures come into
contact with antigens or potentially toxic particles, and are equipped with a specially

designed lymphatic structure called Mucosa-Associated-Lymphoid Tissue (MALT)

(Myrvik, 1994). The MALT in the intestine is also called gut-associated lymphoid
12tissue (GALT), and it is the largest lymphoid organ in the body with more than 10

lymphocytes and more antibody production than any other site in the body. This
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extensive size is because of the length of the Gl-tract and the surface structure of

Kerkring's folds and villus in the small intestine. The usual one layered columnar cell

epithelial layer is derived from the basal crypts, which differentiate into villus or surface

epithelium, goblet cells and neuroendocrine cells or Paneth cells. Intraepithelial

lymphocytes (IELs) occur mainly in the villi of the small intestine and are dominated by
CD3+ (present on all mature T-cells) and CD8+T-cells (desribed in section below)

(Brandtzaeg, 1998). An unusual specialised epithelial cell type in the gastrointestinal
mucosa are the so-called M cells with many controversial aspects of their origin,

biology and interaction in the mucosa defence system. M cells display a dome like

appearance, with a poorly organised brush border, short irregular microvilli and an

absent glycocalyx. These features allow access to the apical domain ofM cells, where

microorganism and macromolecules are transported to the underlying lymphoid tissue

(Nicoletti, 2000). The basolateral surface ofM-cells is invaginated and extends into the
lamina propria, forming intraepithelial pockets to give a close contact to lymphocytes
from the lymphatic tissue (Nicoletti, 2000). These cells also overlie the so-called

Peyer's patches (PP), which are the only true organised lymphoid structure in the
GALT. The function ofM cells is to sample especially large antigen particles from the

gut lumen including food antigens, bacteria and viral antigens. Antigens pass through
the M cell and are taken up by macrophages in the M cell pocket. From there the

antigen is presented by the macrophages and dendritic cells to the underlying

lymphocytes to generate an active immune response (Mayer, 2000). The morphological
feature ofM cells distinguishes them from the surrounding enterocytes, which is

designated the follicle associated epithelium (FAE). The follicle associated epithelium,

overlying the MALT, allows a far more restricted transport of antigens and

microorganisms into the intestinal wall.

2.2.1. Lymphocytes

Lymphocytes are part of the body's immune defence mechanism, divided into (a)
cellular and (b) humoral components. The former includes the T-cell system, which
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differentiates and develops in the foetal thymus. T-cells functions include helping B-

cells to make antibody, killing virally infected cells, regulating the level of immune

response and stimulating the microbicidal and cyotoxic activity of other immune
effector cells, including macrophages. Communication between these cells is controlled
either direct by cell-to-cell contact or by antibodies and cytokines. T-cells recognise

antigen and MHC (major histocompatibility complex) molecules via the T-cell receptor

(TCR) (Male David et al., 1996). T-cells have two different classes of T-cell receptors,
which consist of and are distinguished by either y and 8 chains or a and P chains.

Mature aP T-cells are subdivided into helper/inducer CD4+ and suppressor/cytotoxic

CD8+ T-cell subpopulations (McCoy, 1998). CD (cluster designation) markers are

cluster of differentiation markers and are responsible for antigen or antigen/MHC

binding. MHC is responsible for the rapid rejection of grafts between individuals and
has important functions as a signal transmitter between lymphocytes and cells

expressing antigens. Both are complementary molecules, which permit T-cells to

recognise antigens. Class II MHC (two MHC-encoded polypeptides which are non-

covalently associated and are present on antigen presenting cells) are mostly associated

recognition of antigens by CD4+ T-cells, whereas CD8+ T-cells generally recognise

antigen and class I MHC (Male David et al., 1996). More than 90 % ofmature

peripheral T-cells express aP TCR. This receptor is composed of one (not dimerized)

chain of a and p. The TCR does not mediate cell activation by itself but associate with

several molecules forming the CD3 complex. The CD3 complex binds to the a.p TCR

during assembling of the receptor in the endoplasmic reticulum. Four CD3 chains form

s-y, e-8 and dj-dj dimers. The first two dimers are in mature T-cells functional

equivalent to Iga/p in mature B-cells (McCoy, 1998). Thl and Th2 are intestinal T-

helper subsets of CD4+ lymphocytes. Thl cells activate macrophages and promote

production of opsonizing antibodies for clearing infection by intracellular organisms.

Thl cells produce IL1 and IFN-y. Th2 cells secrete cytokines such as IL4, IL5, IL6 and

IL10, downregulate macrophages, and promote isotype switching to cells producing IgE
and IgG, stimulate mast cells and induce eosinophilia. The relevance of these Thl and
Th2 system in intestinal inflammation is that probably the balance of these subsets
determines activity and susceptibility to chronic inflammation. The balance ofThl and
Th2 system could be altered by therapeutic intervention and therefore could change the
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inflammatory response (Herfarth and Sartor, 1994). CD is considered a Thl disease
whereas UC resembles a Th2 disease in many, but not all, aspects.

The humoral mechanism is composed of the B-cells, and the production ofB-cells starts

during foetal development in the liver and begins to shift between 5 and 6 month into
the bone. After birth and throughout life the B-cells are solely produced in the bone
marrow. The B-cell receptors are immunoglobulins (Igs) (McCoy, 1998).

Immunoglobulins are active as membrane surface Igs, which act as B-cell receptor and
occurs as integral membrane protein. Immunoglobulins are IgM, IgGl, IgG2, IgG3,

IgG4, IgAl, IgD and IgE; these are divided into these different classes and subclasses

according to the types of heavy chains these contain (Male David et al., 1996). IgM as

the first functional mature antigen receptor is composed of a heavy p. chain and a light k

or X chain by dimerizing two heavy and two light chains together. The antigen-binding
site is formed by a variable domain of the heavy and light chain and determines the

antigen specific binding of IgM. Antigens, which are recognised by IgM, include

proteins, carbohydrates or DNA. After antigen engagement with the B-cell surface

immunoglobulin these cells are stimulated. Immunoglobulins have to associate with
some accessory chains to transmit and activate signals. Accessory chains, which are in

the endoplasmatic reticulum, are Iga and Igp. They are also known as CD79a and

CD79b and are required for cell surface expression of immunoglobulin. Iga and IgP are

essential for B-cell activation through the antigen receptor by linking IgM to the signal
transduction mechanism. The surface IgM is only expressed in immature B-cells.
Mature B-cells express both surface IgM and surface IgD. Only fully mature B-cells are

capable of antigen response (McCoy, 1998).

Therefore for the recognition of a specific immune response by antigen binding
molecules three binding molecules are involved. The B-cell antigen receptor in form of

immunoglobulins, the T-cell antigen receptor and the class I and class II molecules of
the MHC (Male David et al., 1996). Figure 4 describes a simple model of lymphocyte

downregulation on Thl response, influenced by anergy, cell apoptosis and

downregulatory cytokines such as IL10 and TGF-p.
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Figure 4 Downregulation of lymphocyte activation in the intestine.
The intestine is heavily exposed to antigenic load and has multiple mechanisms to downregulate
lymphocyte activation and proliferation. These include anergy by the absence of co-stimulatory
molecules B7 and CD28, apoptosis by Fas/FasL interaction which can be promoted by co-3 fatty
acids and finally I LI 0 and TGF-[3 mediated downregulation.

2.2.1.1. Cytokines

Cytokine is a generic term for messenger molecules (polypeptides) which are secreted

by lymphoid and non-lymphoid cells and form a mediator network, regulating growth,
differentiation and function of cells involved in immunity, haemopoiesis and
inflammation. Cytokines are produced as a host response to injury, inflammation and
infection. Different types of cells produce cytokines and, in addition to oxygen radicals
and eicosanoid production, these are major mediators of physiological and pathological

changes in the immune response. These are associated with an increase in resting energy

expenditure, increase in eicosanoid production, induction of free oxygen radicals and
induction of stress hormones. Some cytokines are associated with a pro-inflammatory

response, such as IL1, IL6 and TNF (Gonzalez Z.A., 2000). More than a dozen and half



cytokines, which can act in defence and also as disease mediators, have been

characterised so far (Meydani and Dinarello, 1993) and the number is constantly

increasing. In the following section, cytokines which play a major role in T-cell

function, B-cell function and both T- and B-cell function are discussed such as IL1, IL2

and IL4. Lastly, cytokines which are known to modulate inflammation and chemokines
that attract immune cells and are important in modulating immune response (Male
David et al., 1996) by altering immune cells are also discussed.

Interleukin-1 (IL1) and Interleukin-1 receptor antagonist (ILlra): IL1 is a 13-17kd

molecule and exists in two isoforms as ILla and ILip. There is only a minimal amino

acid homology between the two and ILip is the dominant IL1 in humans. It is also one

of the key mediators in immunologic reactions, microbial invasion and inflammatory

response. Although IL1 is produced by fibroblasts, endothelial cells, keratinocytes and
smooth muscle cells; the major source of IL1 is the macrophages. IL1 regulates T- and

B-lymphocyte development and also induces other cytokines and their receptor

synthesis, affects the central nervous system and has metabolic and pro-inflammatory
effects (Meydani and Dinarello, 1993). If IL1 is released locally, it induces oedema,

neutrophil tissue infiltration and T- and B-cell activation. Both forms of IL1 bind to the
two IL1 receptors (Herfarth and Sartor, 1994). Only the type I receptor is capable of

signal transduction (Male David et al., 1996). The ILlra receptor antagonist has
structural homology with IL1 p and originates from the same cells where IL1 is released.

It blocks the biological activity of ILip, by binding to either type I or types IIIL1

receptor without agonist activity. It has also been shown that tissue concentration of
ILlra correlates with the degree of inflammation. In an animal model using Lewis rats,

which are susceptible to chronic inflammatory conditions, an increase in the IL-

lp/ILlra ratio during induced inflammation could be shown compared with the acute

phase in low responding Fischer rats. It is thought that the relative balance of IL-ip/and
ILlra may play an important role in modulating inflammatory response, which may be

influenced by genetic factors (Herfarth and Sartor, 1994). In experimental models of
induced intestinal inflammation it has been shown that ILlra reduces inflammation

(Bhan et al., 1994).
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IL2 is known to have activity on a variety of cells such as natural killer cells (NK)

macrophages, monocytes and B- and T-cells. It is involved in T-cell proliferation and

only produced by T- cells (Male David et al., 1996). In IBD contradictory levels have
been reported with enhanced, normal, or decreased mucosal levels by different
laboratories. In spite of this controversy, a more uniform picture is emerging regarding
dissimilarities in the production of and response to IL2 between the two forms of IBD.
Levels of IL2 bioactivity or mRNA are significantly greater in CD than in UC (Fiocchi
et ah, 1994)

IL4 is produced by mast cells and by subpopulations of T-cells. It promotes the growth
ofT-cells, B-cells, mast cells, myeloid cells and erythroid progenitors (Male David et

ah, 1996).

IL5 is a glycoprotein and produced by activated T-cells. T-cell production of this

cytokine is stimulated by parasitic infections. IL5 also plays a key role in allergic
diseases (Male David et ah, 1996).

IL6 is produced during the immune response and can influence both T-and B-cell

growth and differentiation. It acts with IL1 together synergistically in T-cell

proliferation. It also causes differentiation of B-cells to antibody secreting cells. It has
been found to be elevated in patients with IBD and AIDS (Meydani and Dinarello,

1993). IL6 combines with its receptor to signal via binding to gp-130.

IL7 has promoting effects on the growth of T-and B-cell progenitors and mature T-cells.

IL7 is produced only by stromal cells and induces the secretion of ILla, ILip, IL6 and

TNF-a by monocytes (Male David et ah, 1996).

IL9 is a T-cell growth factor and is produced by some activated T-cells.

IL10 is produced by ThO and Th2 subsets ofmurine T-cells and its production is

inhibited by IFN-y. It has important biological effects on T-cell function, downregulates

MHC class II expression on macrophages and inhibits LPS induced production of IL1
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and TNF-a. It also inhibits IFN-y induced production of reactive oxygen intermediate
and NO (nitric oxide) by macrophages. It appears that IL10 may have anti-inflammatory

properties by down regulating Thl response (Male David et ah, 1996).

IL12 is synthesised by B-cells, monocytes and macrophages. It depresses IgE

production and increases IFN-y. IL12 acts also as a key cytokine in directing the T-cell

response (Male David et al., 1996). IL12 is important in promoting Thl differentiation

acting in concert with other co-stimulatory molecules such as IL18 secreted by
intestinal epithelial cells (Figure 5).

Tumour Necrosis Factor (TNF) is used to describe two polypeptides TNF-a and TNF-p.

Macrophages and/or monocytes produce the former; the latter is derived from

lymphocytes. TNF-a is cytotoxic or cytostatic for several tumour cell lines in vitro.

Receptors for TNF-a can be found in a variety of cells. TNF-a decreases phagocyte

activity of human neutrophils and is involved in activating eosinophils. Like IL1, TNF-

a decreases appetite and inhibits lipoprotein lipase, which leads to cachexia (Meydani

and Dinarello, 1993). TNF-a as the product of macrophages acts as a multipotent

mediator by sharing many biological activities with IL-ip and IL6. The importance of

TNF-a in inflammation is paramount and it has been found in significantly high
concentrations in IBD (Fiocchi et ah, 1994).

Transforming Growth Factor beta (TGF- P) belongs to a polypeptide family, which

occurs in mammalian tissue in the three isoforms ofTGF-pi, TGF-P2 and TGF-P3.
These are 25 kDa proteins of identical or nearly identical subunits (di Mola et al., 1999).
The isoforms share 70 to 80 % sequence homology and are practically indistinguishable
at their functional levels. TGF-pi appears in humans as the predominant form (Lionetti

et al., 1999). Each of the three isoforms has its specific transmembrane TGF-P receptor.

TGF-P receptor type I (TPR-I) subtype ALK5 and TGF-P receptor type II (TpRII) are
the signalling receptors and must be simultaneously present to achieve a signal

transduction. TGF-P binds directly to TpR-II, as an active serine/threonine kinase. This

composite is recognised by TPR-Ialks and becomes phosphorylated by TpR-II. The
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phosphorylation allows TPR-Iauo to transmit the signal downstream to the substrate.

TGF-P receptor type III (TpR-III) also called betaglycan, participates in storage of

TGF-Ps and in the presentation of the various isoforms to their signalling receptors (di
Mola et al., 1999). TGF-P is produced by lymphocytes, macrophages and other cells

such as intestinal epithelial cell lines. TGF- P inhibits the proliferation of B-and T-cells,
intestinal epithelial cells and other cells. It inhibits the endothelial cell proliferation by

arresting these cells in Gi phase of the cell cycle. Intestinal epithelial cell lines have

receptors for TGF-P (McGee et ah, 1992). TGF-P promotes intestinal restitution after
mucosal injury, stimulates the growth and differentiation ofmesenchymal cells such as

fibroblasts and dendritic cells. It regulates the extracellular matrix (ECM) deposition,
increases the synthesis ofECM proteins such as collagens, fibronectin and elastin. It
controls the immune response at the local level and acts as chemotactic signal for

neutrophils, monocytes and lymphocytes at the site of inflammation (Lionetti et al.,

1999). TGF-P is a potent inhibitor of crypt cell proliferation in vitro and may play an

important role as a regulator of intestinal cell proliferation and differentiation. In rats it
has been shown that TGF-P 1 expression is low in the crypt cells which are actively

dividing and high in cells which went through terminal differentiation at the villus tip. It
inhibits the proliferation of rat intestinal crypt cells by blocking cell cycle at the middle
of the Gi phase (Ko et al., 1994).

IFN-y influences the growth, development and activity of T-cells, Natural killer cells

(NK) and B-cells. It is made by activated T-cells (ThO, Thl and CD8+) and is a

monomeric glycoprotein. It is a powerful enhancer of MHC class I expression on

different cell types and also induces MHC class II expression. IFN-y is also a powerful

activator ofmacrophages inducing NO synthase, TNF-a and IL-1. This cytokine
increases the ability ofmacrophages to kill intracellular parasites and tumour cells. It

also works synergistically with other cytokines, for example with TNF-a, whereby it
mediates cytotoxicity in a variety of cell types (Male David et al., 1996). Figure 5

shows a cartoon ofThl differentiation and secretion of IFN-y after exposure of the

mucosa to bacterial antigen.
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Macrophage Th, lymphocyte

MMP-3: Matrix metalloproteinase-3
KGF: Keratinocyte Growth factor
IEC: Intestinal epithelial cell

Figure 5 Cytokines in Thl response, as in Crohn's disease.
Macrophages in the lamina propria are activated by bacterial antigen. ILI2 secretion by
macrophages with the help of IL18 derived from IEC results in Thl differentiation. The resulting
IFN-y secretion promotes TNF-a production by macrophages. IEC damage and proliferation is
mediated by MMP-3 and KGF produced by gut stromal cells stimulated by TNF-a.

Chemokines (chemotactic cytokines) belong to a family of small molecular weight

cytokines that are secreted by monocytes, macrophages and T-cells, some of which have

important functions in innate immune response. They influence leukocyte trafficking
and attract leukocytes to sites of tissue inflammation or infection (Male David et al.,

1996). IL8 is a member of the chemokine family and is perhaps the most potent inducer
of polymorphonuclear neutrophil chemotaxis, with some activity for T-cells and its role
in IBD is justifiably the focus of intense investigation. In IBD elevated levels of IL8 has
been found in the mucosa ofUC patients as well as CD patients (Fiocchi et al., 1994).
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2.2.2. The cytokine pattern in inflammatory bowel disease

IBD is characterised by an imbalance in cytokines, produced by a variety of cells such
as monocytes, endothelial cells and neutrophils. One of the major cytokines involved is

IL-ip, released from mononuclear phagocytes (McAlindon et al., 1998) (Ligumsky et

ah, 1990). Other pro-inflammatory cytokines, contributing to IBD are IL6, IL8, IL12

and TNF-a, which are produced by the innate immune system, such as macrophages
and monocytes (Papadakis and Targan, 2000). This is reflected by an upregulation of

IL-ip, reduced or normal secretion of IL2 (Nakamura et ah, 1992), a decrease of IL10

in LPMC (Lamina propria mononuclear cells) of inflamed colonic mucosa and an over

expression ofTNF-a and IFN-y (Gasche et ah, 2000); (Akagi et ah, 2000). Several

studies have found a decrease in ILlra / ILip ratio in inflamed mucosa of IBD patients,

due to an increase in IL-ip (Hyams et ah, 1995); (Andus et ah, 1997); (Casini-Raggi et

ah, 1995); (Dionne et ah, 1998). ILlra competes with IL-ip for the same receptor and

can therefore inhibit IL-1P by blocking its receptor. The involvement of cytokines in the

pathogenesis appears to be different in CD and UC, with a dysregulated and excessive
Thl T-cell response to an initiating antigenic stimulus in CD. It manifests itself as an

increased level of IFN-y and IL12 besides decreased levels of IL4. UC is more

consistent with a Th2 T-cell response. IL5 production is consistently increased and IL4
levels are elevated (McClane and Rombeau, 1999). These different cytokine profiles,
with two different immune responses are reflected also in targeted therapeutic strategies.
In addition to cytokines, a range of lipid derived inflammatory mediators and
chemokines are produced as part of the immune reaction, which are discussed in the

following section. Figure 6 shows a schematic diagram of cytokine balance of pro- and

anti-inflammatory cytokines involved in pathogenesis of IBD.
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Figure 6 Cytokine-balance in IBD.
There is a preponderance of pro-inflammatory cytokines and chemokines and a relative deficiency
of downregulatory or anti-inflammatory cytokines. The ratio of anti-inflammatory to pro¬
inflammatory cytokines denotes the inflammatory status of the tissue.

2.3. Involvement of lipids in inflammation and

immunoregulation

Lipids or triacylglycerides are essential components of human nutrition. Lipids, which
are formed by an ester binding to glycerol, have multiple functions in the body. The
human body needs fatty acids to accumulate fat stores, to line organs for protection and
as a carrier for the essential lipid soluble vitamins (retinol, calciferol, tocopherols, and

phyllochinons). Lipids act as templates for steroid hormones and the lipids are

incorporated into all cells as a main structural component (in the form of

phosphoglycerides, sphingolipids, and cholesterol) of the intracellular membrane of

mitochondria, liposomes and the endoplasmic reticulum, as well as of the plasma
membrane of the cell itself.

Fatty acids are classified into short chain fatty acids (SCFA), medium chain fatty acids

(MCFA) and long chain fatty acids (LCFA). The chemical structure for these fatty acids
is CnH2n+iCOOH. The carbon chain length can be from two to 26 carbons.
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Fatty acids can have one, two or multiple double bonding withn the carbon chain, and
therefore called mono-unsaturated fatty acids (MUFA) or poly-unsaturated fatty acids

(PUFA), respectively. Fatty acids are numbered in arabic numerals starting from the
carbon of the carboxylgroup as number one continued to number two etc. The latter can

be also named as alpha (a) followed by beta (P) and so on, up to the last carbon on a

methyl group as omega (co). Omega co-3 or co-6 defines the location of the first double

bond, counting from the methyl end of the fatty acid molecule that distinguishes these

classes ofPUFA. Double bonds in the chain are pronounced as delta (A) (e.g. A9 for a
double bond between C atom 9 and C atom 10). The double bond also defines the

conformation of the fatty acids, if in cis or trans form. Most of the natural fatty acids
occur as cis-Isomer. Unsaturated fatty acids have generally the first double bond
between C atom 9 and C atom 10. In PUFA the double bond generally occurs within a

distance of 3 C atoms, so called isolated double bonds (Koolman J and Roehm KH,

1994). Figure 7 shows the molecular structure of the PUFA arachidonic acid.

AA: C 2 0 :4 co 6 or

all cis 5,8, 11, 14 eicosatetraenoic acid

Figure 7 Structure of Arachidonic acid

The short form for fatty acid formulae with double bonds is e.g. for linoleic acid 18:2 co-

6. It means that linoleic acid consist of 18 carbon atoms with two double bonds where

co-6 defines the last double bond at position 6 counting from methyl end of carbon
chain. The following double bonds continue with 3 C atom distance, and are found for
linoleic acid on positions 9 and 12.
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Some fatty acids are essential for the body such as linoleic acid (18:2 co-6) and

eicosapentaenoic acid (EPA) (20:5 co-3). The latter originates out of the co-3 fatty acid

group. Omega 3 fatty acids occur as docosapentaenoic acid (22:5 co-3) and

docosahexaenoic acid (DHA) (22:6 co-3), which are only found in high concentrations
in fish living in cold water. This high concentration in fish originates out of the food
chain where a-linolenic acid (18:3 co-3) acts as a precursor of these co-3 fatty acids.

Alpha-linolenic acid is found in canola-, flaxseed- and soya oil, but can be metabolised
in humans only in low amounts because of the lack of sufficient enzymes.

Omega-6 fatty acids are mostly found in the food in form of linoleic acid (18:2 co-6).

Linoleic acid (18:2 co-6) is metabolised via reduction and elongation into y-linolenic

acid (GLA) (18:3 co-6), dihomo-y-linolenic acid (DGLA) (20:3 co-6) and

eicosatetraenoic acid (20:4 co-6), which is also known as arachidonic acid (AA). Figure

8 depicts FA metabolism for co-3 and co-6 fatty acids.
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2.3.1. Eicosanoids and Fatty acids

Eicosanoid is the generic term of a group of short-lived lipid-derived mediators, which
modulates hormone and other biochemical signals. These are generated in different
tissues and cells and are derivative of polyunsaturated C 20 fatty acids. The name

originates from the Greek word eicosa meaning twenty (Krause and DuBois, 2000)

(Alexander, 1998). These metabolites are released out of the lipid cell membrane,

especially out of arachidonic acid (AA) (20:4 co-6), which is esterfied in all membrane

phospholipids. Arachidonic acid is a major eicosanoid precursor. To this mediator group

belongs the prostanoids: prostaglandins (PG) which occur in the form of PGE2, PGD2,

PGF2a, prostacycline (PGI), thromboxane (TXA) and leukotriene (LT) as LTA4, LTB4,

LTC4, LTD4 and LTE4. AA is incorporated into the cell membrane preferably into

phospholipid phosphatidylinisitol. At least three enzymatic pathways can release AA
out of cellular phospholipids, (a) Direct action by phospholipase A2 (PLA2), (b)
combined action of phospholipase C (PLC) and diacylglycerol (DAG) lipase or PLC,
DAG kinase and PLA2; and (c) combined action of phospholipase D (PLD) and PLA2.
This pathway is schematically shown in Figure 10 A. There is evidence that an AA

specific PLA2 is responsible for AA release from membrane, which leads to eicosanoid
formation. (Yang, 1996). After AA is released from the lipid bilayer it can be
metabolised via three enzymatic pathways: the cyclooxygenase (COX) (Figure 10 B),

lipooxygenase (LOX) (Figure 11) and finally the cytochrome P450 monooxygenase

pathway (Krause and DuBois, 2000). A nonenzymatic pathway is capable of controlling
AA by a free radical-catalysed peroxidation into F2-isoprostanes. These products are

produced in significant amounts following oxidative stress for, for example associated
with liver injury. (Awad et al., 1996). The cyclooygenase enzyme (COX) or so-called

prostaglandin H synthase (PGHS; also known as prostaglandin endoperoxide

synthetase) (Kulmacz, 1998) occurs in two isoforms of COX-1 and COX-2, where both
isoforms possess cyclooxygenase and peroxidase activities, but it has also been

suggested that these isoforms have unique and separate physiological functions

(Garavito and DeWitt, 1999). Both cyclooxygenase enzymes are glycosylated, integral
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membrane proteins, found in the endoplasmatic reticulum (ER) and COX-2 also is
found in the nuclear envelope. These have a molecular mass of 67-72 kDa and exist as
homodimers. COX-2 and COX-1 have a sequence identity of 60-65% within a species.
The major differences in the primary structure are that COX-2 has a truncated signal

peptide and an 18-amino acid C terminal insertion. COX-1 is constitutively expressed in

most tissues and is often referred to as 'housekeeping enzyme', that helps maintain
homeostasis. COX-2 is only expressed in a few tissues, notably brain and kidney.

Expression is induced and increased at sites of inflammation, in stimulated

macrophages, fibroblast synoviocytes and is rapidly induced by inflammatory mediators
such as IL1 (3 and LPS. On the other hand the anti-inflammatory cytokines such as IL4,

IL12 and glucocorticoids repress the expression ofCOX-2, but not the expression of
COX-1. (Garavito and DeWitt, 1999). The three-enzymatic pathways result in different
metabolic end products, targeting specific prostaglandin receptors and activating

receptor specific signalling pathways, which is schematically shown in Figure 9 (Austin
and Funk, 1999) (Krause and DuBois, 2000). Therefore, the availability ofAA in
membrane lipids, the activity of enzymes such as PLA2 and PLC and activity ofCOX
and LOX pathways determine the amount of synthesized eicosanoid mediators.

(Alexander, 1998).

PGC,

I

Figure 9 Prostaglandins of COX pathway with specific receptors and signal route
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Cyclooxygenase pathway: The conversion of AA starts at the COX active site and a

bicyclic peroxide intermediate, PGG2 is formed (Marnett, 2000). This is followed by

peroxidation of PGG2 to diiiusible prostaglandin H2 (PGH2), a common substrate or
intermediate in the prostaglandin synthesis (Krause and DuBois, 2000). From the
unstable PGH2 form originates the prostaglandin derivatives PGE2, PGF201, PGI2 or

prostacyclin (PI) and thromboxane A2 (TXA2) through their specific PG synthases

(PGE-synthase, PGF-synthase, PGI-synthase and TXA-synthase) (Figure 10 B). These
eicosanoid-derived mediators belong to the PG of series 2 and are descendents ofAA.

Prostaglandin's of series 1 are descendents of dihomo-y-linolenic acid (DGLA)

(systematic name eicosatrienoic acid), which all belongs to the co-6 fatty acids.

Prostaglandins PG3, TXA3 and PGI3 of series 3 are descendents of eicosapentantaenoic
acid (EPA) and therefore of to-3 fatty acids (Alexander, 1998). Figure 8 again displays
these eicosanoid derived mediators within the PUFA metabolism process.

Figu re 10 Cyclooxygenase pathway
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Lipooxygenase pathway. The lipooxygenase enzyme is present as 12-lipooxygenase,

15-lipooxygenase and 5-lipooxygenase, named for their ability to add molecular oxygen
at a specific carbon ofAA. 5-lipooxygenase plays a central role in the biosynthesis of

leukotrienes, which constitute an important class of inflammatory mediators.
The enzyme 5-lipooxygenase catalyse the conversion ofAA to products 5-HETE (5-

hydroxy-6, 8,11,14-eicosatetraenoic acid) and leukotriene A4 (LTA4) from AA via the
metabolic intermediate 5-HPETE (5-hydroperoxyeicosatetraenoic acid). The eicosanoid
LTA4 of series 4 is hydrolysed into leukotriene B4(LTB4). LTA4 can be combined with
the tripeptide glutathione into leukotriene C4. Cleaving the glutamyl -residue leads to
leukotriene D4 (LTD4), which changes after elimination of glycyl into leukotriene E4

(LTE4). The leukotriene (LT) of the lipooxygenase pathway for eicosapentaenoic acid

(co-3) gives rise to LT of series 5 (LT5) (Yang, 1996). This lipooxygenase pathway is
illustrated in Figure 11.

ARACHIDONIC ACID

1

LTC-synthase

y-Glutainyl j
transferase

y -Gluthatione

LTB

LTD4

1
LTE

Figure II Lipooxygenase pathway
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Eicosanoids have a variety ofmodulating influences, especially on cell signal
transmission. The biological activity of eicosanoids depends on the type of fatty acids
from which these are released. The details are given in Figure 8 and Figure 12.

Therefore eicosanoids released from AA have different biological functions and liberate
eicosanoids preferentially of series 2, known as more inflammatory than those released
from dihomo-y-linolenic acid (DGLA or eicosatrienoic acid co-6) or eicosapentaenoic

acid (co-3) of series 1&3 and series 3 respectively. Omega-3 poly-unsaturated fatty acids

especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are major
PUFAs incorporated into the cell membrane. Eicosapentaenoic acid is also a substrate
for the cyclooxygenase and lipooxygenase, but not DHA, and can compete as a

substrate with AA to induce the production of the less inflammatory eicosanoids of
series 3 by COX- pathway. In general, eicosanoids originating from co-3 fatty acids have
a reduced biological influence on evoking cellular response compared with eicosanoids
derived from AA. Therefore intake of fish oil, which is high in co-3 PUFAs, will
increase PUFAs and decrease AA membrane levels. This will enforce the production of
eicosanoids derived from eicosapentaenoic acid of PG series 3 and LT series 5,

respectively (Hillier et al., 1991) as shown in Figure 12.

Aspirin and non-steroidal anti-inflammatory drugs (NSAIDs) interfere with the COX

enzymes by inhibiting both COX-1 and COX-2 enzyme activity. The active site of both

enzymes appears to be at the end of a long, tubular channel in the molecule, with COX-
2 having a site branch to the channel. Aspirin and NSAIDs block the opening of this
channel to the entrance of arachidonate. Aspirin does this by irreversibly acetylating a

specific serine molecule. NSAIDs block the channel by reversible binding. When these
channels are blocked by aspirin or NSAIDs, both COX-1 and COX-2 are unable to

convert arachidonate to prostaglandine H2, the necessary precursor of other

prostaglandins and thromboxane (Bjorkman, 1999).
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Figure 12 Eicosanoid release from COX and LOX pathway

2.3.2. Intracellular Signalling

The double-layered lipophilic cell membrane is provided with different mechanisms to
transfer signals through the cell membrane. A common mechanism is a membrane fixed

receptor for signal transduction. Some receptors use enzyme like receptor activation,
some are ion channels, or Guanine-Nucleotide-binding proteins i.e. G-proteins.
Activated G-proteins are able to induce with their a-unit an activation of membrane
fixed adenylate cyclase, to transform adenosine tri-phosphate (ATP) into cyclic
adenosine tri-phosphate (cAMP), which leads to a rise of intracellular second messenger

cAMP. G-proteins can react to the rise cAMP level, as secretory G-proteins (Gs) or as

inhibitory G-proteins (G,)- The a-unit also stimulates a cyclic guanosine mono¬

phosphate (cGMP) specific phospho-di-esterase, which is needed for a variety of
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functions, eg. the light and dark adaptation in the visual cycle. Binding of the a-unit to
an ion channel opens the channel for potassium or calcium ions. The activation of PLC

by the a-unit is important. PLC hydrolyses membrane lipids, such as phosphatidyl-

inositol, which is phosphorylated by ATP to phosphatidyl-inositol-4-phosphate (PInsP)
and phosphatidyl-inositol-5,4-bis-phosphate (PInsP?). The substrate for PLC is therefore
PInsP2 which is cleaved to inisitol-l,4,5-tri-phosphate (InsPa) and di-acyl glycerol

(DAG). Both products have a second messenger function. The hydrophilic InsP3

provokes the endoplasmatic reticulum (ER) to liberate calcium ions. The lipophilic
DAG stays in the membrane and activates protein kinase C (Silbernagel A and

Despopoulos A, 1991). Figure 13 is a simple scheme of signal activation by G-protein

receptor (A) and enzyme-linked receptor (B).

A

Ligand ligand

-

G-protrin G-piutein-activated
C2

Inactive catalvtic site

Z>
Activated catalvtic site

Figure 13 (A) Signalling via G protein coupled receptor and (B) enzyme linked receptors
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2.3.3. Lipid derived mediators in inflammatory bowel disease

Fatty acids have a wide range of biological roles and cellular functions. These act as

integral components in the phospholipid layer of cellular membranes, affecting
membrane fluidity and lipid-protein interactions. Fatty acids can affect transport

proteins and cellular receptors for hormones and neurotransmitters, act as substrate for
eicosanoid synthesis, affect the production ofbiologically active compounds such as

platelet-activation factor (PAP) and cytokines. These can affect the expression of genes

encoding for enzymes involved in lipid metabolism and can interact with nuclear

receptor proteins that bind to DNA, where in turn fatty acids can alter the transcription
of regulatory proteins. The following paragraphs will therefore focus on the importance
of fatty acids in respect of their influence and modulator properties of lipid mediators,

cytokine production and clinical applications with special relevance to IBD.

Omega-6 Arachidonic acid (AA) is metabolised via cyclooxygenase and lipooxygenase

pathway leading to eicosanoids of series 2 i.e. PGE2, PGI2, TXA2, TXB2 or series 4

LTB4 or LTA4, known as having pro-inflammatory properties. Eicosanoids derived

from co-3 fatty acids EPA or DHA have less inflammatory activities.

IBD has been shown to increase AA levels in phospholipids in colonic mucosa

compared with normal controls. The fatty acid profile for palmitic (CI6), stearic (CI8),
oleic (C18: 1) and linoleic acid (C18: 2) showed no differences between IBD and
normal controls, but tended to be lower in IBD for CI8: 1 (Pacheco et al., 1987).
Nielsen et al (Nielsen et al., 1987) confirmed an increased liberation of LTB4 in IBD.
Measurement of eicosanoids using a filter paper method in rectal mucosa of UC patients
confirmed that in addition to a significant increase in pro-inflammatory cytokines, there
was also a significant increase of TXB2 and PGE2 correlated with disease activity (Carty
et al., 2000). Figure 14 depicts the interplay of inflammatory mediators, namely

eicosanoids, cytokines and oxygen radicals, influenced by amino acids, nucleotides,

lipids and trace elements.
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Figure 14 Mediators of inflammatory response
Cytokines, eicosanoids and oxygen radicals play key roles, are inter-related and may be modulated
by nutrient intake.

2.3.4. Immunomodulatory effects of fatty acids

Omega 3 and omega 6 fatty acids are fatty acids of special importance, as these can alter
cell membrane structure in respect of fluidity, rotation, formation of receptors, binding
of ligands to their receptors and therefore activation of intracellular signal pathways.
After stimulation and release of fatty acids out ofmembrane phospholipids, where

PUFA are usually bound at the second carbon of glycerol, PUFA of o>-3 and co-6 are

stepwise saturated and elongated resulting in lipid derived mediators, eicosanoids,

(Alexander, 1998), as previously shown in Figure 12. Inflammation results from the
release of inflammatory mediators, predominantly released from activated leukocytes
that migrate into the target area. To this key inflammatory mediator group belong
eicosanoids derived from co-6 fatty acid arachidonic acid. The eicosanoid PGE2 released
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from AA is known to have pro-inflammatory effects. Additionally prostaglandins and
other eicosanoids have a role in regulating differentiation and functions of T cells, B

cells, natural killer cells and macrophages. However, eicosanoids freed from EPA do
not always have the same biologic properties as the analogues produced from AA. LTB5
is markedly less chemotactic than LTB4 towards human neutrophils (Calder, 1998).

PGE2 can inhibit leukocyte migration and activity. Fatty acids and their mediators can

regulate expression of adhesion proteins, such as integrins and selectins in leukocytes
and endothelial cells (Pompeia et al., 2000).

Each prostaglandin has its own specific receptor with characteristics of the G-protein

receptor family, containing seven membrane-spanning domains. Eicosanoids act as

intracellular signal mediators by increasing or decreasing signal enzymes such as

phospatidyl-Inositol 3-phosphate (PIP3), cyclic adenosine monophosphate (cAMP),

(Krause and DuBois, 2000; Alexander, 1998) as illustrated previously in Figure 9.
Eicosanoids can alter intracellular signalling. PGE2 significantly increases intracellular
cAMP levels, preventing an increase in intracellular calcium as an early event in T-cell
activation. Eicosanoids change cytokine production as PGEi and PGE2 are potent

inhibitors of IL2 and IL2 receptor production and can modulate proteinkinase C (PKC)

activation. Eicosanoid LTB4 enhances generation of IFN-y and IL2 (Alexander, 1998).

The biological effects of eicosanoids differ depending on which of the co-3 and co-6 fatty

acids it is derived from. Generally eicosanoids that are derived from co-3 fatty acids are

known to have less inflammatory effects. Fatty acids can modulate cytokine production

through the effect of plasma membrane modulation. It is possible that fluid changes can

alter G-protein activity, which in turn changes adenylate cyclase, phospholipase A2

(PLA2) and phospholipase C (PLC) activity. This would lead to a rise in cAMP,

prostaglandin, leukotriene and DAG production, which again can modulate cytokine

production having pro-and anti-inflammatory effects (Grimble and Tappia, 1998).

The released eicosanoids leave the cell and act locally in an autocrine or paracrine
manner on cell surface receptors, which are linked, to G-proteins. Again, activation of

G-proteins leads to changes in intracellular cAMP or calcium levels. These changes
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serve as second messengers, activating signalling mechanisms, which can further affect

transcription factor functions, such as NF-kB. This acts through the presence of the
Peroxisome-Proliferator Activator Receptor (PPAR), which is involved in lipid

transport and metabolism similar to actylCoA. PPARs are divided into three subfamilies

of a, y, 5. Whereas PPARa is expressed in hepatocytes, cardiomyocytes, renal proximal

tubule cells and enterocytes, PPARy is expressed in adipose tissue, spleen, retina,

hematopoietic cells, endothelial cells of the colon, prostate and mammary gland. It is

reported that eicosanoids binding to PPARy can target gene expression either through

plasma membrane G-proteins or through nuclear receptors (Jump and Clarke, 1999).

The mechanism by which PUFA may influence lipid mediator and cytokine production
has been investigated in several studies. The ratio of co-3 to co-6 fatty acids may

suppress eicosanoid biosynthesis from AA, suggesting that the ratio of co-3 to co-6

seems to be the determining factor in inhibiting eicosanoid synthesis rather than the

amount of ©-3 fatty acids in the diet (Boidreau et al., 1991).

Furthermore, it might be possible, that after signal transduction, ©-3 fatty acids could

intracellularly influence immune response by altering the level of phospholipid derived
second messengers, such as DAG and ceramide. A disturbance of normal signalling in
the T cell could result in a failure ofNF-kB or NF-AT (nuclear factor-activated T cells),

which are needed for cytokine production such as IL2. It was reported that in ©-3

supplemented subjects a possible disturbance at the transcription level could also

happen, such as a failure to secrete active IL2 or a failure in IL2 receptor binding

(McMurray et al., 2000). In a study by Wallace et al (Wallace et al., 1999b) there was

decreased lymphocyte proliferation and IL2 production measured in splenic lymphocyte

supernatant ofmice fed with olive oil, safflower oil and fish oil compared with coconut

oil rich diet. IFN-y production was reduced by safflower or fish oil feeding compared
with coconut or olive oil rich diets, showing that PUFA decreased Thl lymphocyte

response and did not markedly influence Th2 response. A further fatty acid feeding

experiment with mice demonstrated that after feeding with EPA and DHA there was a

decrease in AA content in total spleen leukocyte lipids compared with beef tallow fed

group. In addition it was demonstrated that DHA had a greater ability to suppress ILip
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RNA induction in LPS stimulated mouse spleen lymphocytes compared with EPA

(Watanabe S. et ah, 2000).

How co-3 fatty acids may alter T cell function is not known, although some mechanisms

have been proposed, such as (McMurray et ah, 2000)

(a) Altered accessory cell functions for antigen presentation

(b) Co-stimulation of PGE2 production

(c) An imbalance of T-cell subsets of CD4 vs. CD8, Thl vs. Th2, na'ive vs. memory

cells

(d) A change in T-cell membrane structure

(e) Modification of intracellular signalling and post-translational events.
Further the following observations were made in a mouse model fed short term with

purified EPA and DHA:

(a) Reduction in mitogen lymphoproliferation (induced by concanavalin A), IL2

secretion and IL2 receptor a-chain mRNA expression.

(b) Dietary effects seem to be exerted directly on the T-cells themselves as opposed to

indirect effects through assessory cells (dendritic cell, macrophages).

(c) Diet did not seem to induce significant alterations in relative proportions of CD4 and
CD8 T-cells.

(d) Reduction in important intracellular second messengers such as DAG and ceramide.

(e) Dietary effects on T-cell activation may depend on the precise nature of the agonist

(McMurray et ah, 2000).

The potent anti-inflammatory influence ofPUFA has attracted attention in several
diseases as discussed later. PUFA have potential as anti-atherogenic agents.

Inflammation and arteriosclerosis share the same basic mechanism involved in

leukocyte adhesion to vascular endothelium in early phase. The actual modulation of
this endothelial activation is not known. Regarding structural requirements for
inhibition of cytokine induced endothelial activation, long chain saturated fatty acids
inhibited cytokine induced endothelial adhesion molecule expression, whereas
unsaturated fatty acids inhibited adhesion molecules. In a study by de Caterina et al (De
Caterina et ah, 1998). DHA inhibited endothelial activation most potently. In addition
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they showed that degree of unsaturation but not chain length influenced inhibition of

cytokine induced endothelial activation, which was independent of cis or trans fatty
acid conformation. The same group of de Caterina et al (De Caterina et al., 1999)

investigated the inhibitory influence ofPUFA on endothelial activation. They showed

that, (a) saturated fatty acids are inactive; (b) potency of polyunsaturated fatty acid
increases with degree of unsaturation; (c) potency does not depend on chain length; (d)
the single double bond present in the monounsaturated fatty acid oleic acid is indeed
sufficient to produce all the effects obtainable with higher unsaturated FA, albeit at

higher concentrations; (e) for such an effect to occur even the configuration (cis vs.

trans) of the double bond does not really matter. Inhibition ofNF-icB could also be

reproduced upon incubation of endothelial cells with oleic acid. Fatty acids containing
more double bonds in the membrane lipid bilayer lead to diminished activation of the

NFkB sytem in response to cytokines sufficient to reduce the subsequent start of

transcription of genes encoding for endothelial leukocyte adhesion molecules. One

possible explanation relates to the intracellular mediators ofNFkB activation, namely
reactive oxygen species formed through the activation ofNADH or NADPH oxidase
after cytokine activation (De Caterina et al., 2000).

2.3.5. Clinical Implications of PUFA

The main focus of attention has been on fish oil therapy and its beneficial effects in UC

(Ross, 1993; Asian and Triadafilopoulos, 1992; Hawthorne et al., 1992; Lorenz et al.,

1989) and to a lesser extent in CD (Kim, 1996). It has been shown that co-3 PUFA may

exert protective effects in some common cancers such as breast cancer, colon cancer

and prostate cancer (Rose and Connolly, 1999).

Although oleic acid is not a PUFA, this monounsaturated fatty acid (MUFA) has
attended attention due to the low prevalence of arteriosclerosis and cardiovascular
diseases in Mediterranean populations, known for high consumption of olive oil. In a

study by Yaqoob et al (Yaqoob et al., 1998) there was a significant decrease of
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intracellular adhesion molecule 1 expression after consumption of a diet high in MUFA.

In other inflammatory disorders such as rheumatoid arthritis, clinical improvement was
found after 12 weeks of 3g EPA and DHA along with a reduction in the inflammatory
mediator release of LTB4 from stimulated neutrophils and IL1 from monocytes

(Kremer, 2000). Belch and Hill (Belch and Hill, 2000) summarised the positive effects
of essential fatty acids in the form of increased intake of di-homo-y-linolenic acid

(DGLA) in rheumatologic conditions. Intake of DGLA shifts the production into release
of the less inflammatory PGEi eicosanoids. Similar effects were also reported in the

inflammatory skin condition psoriasis (Ziboh et al., 2000; Burton, 1989).

These studies indicate that nutritional modulation of fatty acid composition, especially
of co-3 and co-6 can modulate and influence the inflammatory mediator production. This
can take place through increased incorporation of these fatty acids into the plasma lipid
membrane and thereby acting as substrate for the less inflammatory mediator

production derived from co-3 FA, or through a change of the enzymatic pathway into

production of PGs of series 1 as in the case of DGLA. The advantage of dietary intake
of co-3 fatty acids is that because these fatty acids do not have to go through the

processes of elongation and saturation these can therefore immediately be incoiporated
into plasma membrane.

2.3.6. Occurrence of PUFA in the Diet

PUFA are important fatty acids in the diet of the young and old as well of the healthy
and diseased subjects. The first oral contact the human has with PUFA is in breast milk

of the suckling new born. Several studies have shown the importance of both co-3 and

co-6 PUFA in term and preterm infants in visual development, mental development and

brain development via a balanced supply of co-3 DHA and co-6 AA (Innis, 2000).

The mammal is able to synthesise fatty acids but is not able to incorporate a double
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bond after carbon 9 (C9). Such fatty acids are therefore essential and must be taken in

the diet. The two most important fatty acids are linoleic acid (C18:2 co-6) with a double

bond at C9 and C12 and a-linolenic acid (C18:3 co-3) with a double bond at C9, C12

and CI5. The human body can produce more polyunsaturated fatty acids by elongation
and saturation of these two precursors. Further, these fatty acid precursors can be

replaced if higher homologues of these fatty acids are supplied with the diet.

Polyunsaturated fatty acids and their different higher homologues of co-3 and co-6 PUFA

can be found in animal and plant products. Fish are known for their high content of co-3

fatty acids, mainly EPA, C20:5 co-3 and DHA, C22:6 co-3. Fish, which are rich in fat
with a fatty acid pattern high in co-3 FA are salmon, tuna, mackerel, kippers, trout,
sardines but not eel, though eel is known as a fatty fish. It is also important to note that
fish can have differences in fatty acid profile, depending on whether the fish are

harvested naturally or are farmed.

Oil producing seed plants are rich in PUFA. The co-3 fatty acid in plants is a-linolenic,
whose main source is linseed oil, rapeseed oil, soya oil and walnut oil. Other sources for
a-linolenic acid are from grass-fed animals (beef) and green leafy vegetables (spinach)

(Conference Report, 2000). Oil seed plants such as sesame, soya, safflower, corn,
sunflower and wheat germ oils are also major sources of PUFAs. Alpha-linolenic acid

(LNA) alone is relatively ineffectual in raising plasma EPA levels. Supplementation of
LNA (lOg/d or more) alters cellular phospholipid DF1A levels only minimally (de

Deckere et al., 1998). Therefore it is important to supply fatty acids, especially co-3 and

co-6 fatty acids in a well-balanced manner (Boidreau et al., 1991).

Present recommendations are a daily intake ofPUFA containing co-3 and co-6 in a ratio

of 1:4, based on activity equality which does not reflect biological reality (Whitney et

al., 1998; Crawford, 2000). In a recent Workshop Meeting in Bethesda, USA expert

recommendations with regard to adequate intake (Al) of co-3 and co-6 was established

(Anonymous2000). Summarised statements of the recommendations are as follows:

(a) Reduction of saturated and of trans fatty acids intake (chemically manufactured fats,
main occurrence in bread spread e.g. margarine) with an upper limit for saturated fats of
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less than 8 % of energy intake (Galli, 2000) (Simopoulos, 2000).

(b) Separate PUFA recommendations for linoleic acid (LA) (CI 8:2 co-6), a-linolenic
acid (LNA) (CI8:3 co-3) as well as for the highly unsaturated PUFA such as EPA

(C20:5 co-3), DPA (C22:5 co-3) and DHA (C22:6 co-3) present in fish.

(c) An agreement was reached that AI can be established in gm/day based on

2000kcal/day and percentage energy of LA and for LNA giving a ratio of LA:LNA
of 3-2 : 1. No AI was given for arachidonic acid (AA), as there were no data available

(Simopoulos, 2000). EPA and DHA intake should be at least 0.22gm/d or 0.1% of

energy intake. (Simopoulos et al., 2000).

It must be stressed that these recommendations are based on an average adequate intake
for a healthy adult of 2000 kilocalories/day (kcal/d). These data do not determine
recommended dietary reference intakes (RDIs). Specific recommendations are available
for pregnant or breast feeding woman as well as for compositions of infant formulae
diets. As a consequence of the positive effects on immune system and inflammation,
modulation of co-3 and co-6 fatty acid is reasonable and it may be probable that the
intake of these PUFA should be increased in IBD. However definite recommendations

are not available. This also depends on the individual dietary preferences and absorptive

capacity of the IBD patients.
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CHAPTER THREE

3. Medical management of inflammatory bowel disease

UC and CD is chronic, relapsing inflammatory disorders of the gastrointestinal tract of
unknown aetiology. Both genetic factors and environmental triggers are involved in
disease initiation, as mentioned in the previous chapter, while gut commensal bacterial
flora is required for disease perpetuation. At present both diseases are medically
incurable. Only UC, but not CD is surgically curable. However, development of

pouchitis after colectomy and ileal-pouch anal anastomosis may be a recurrence of UC
in the ileal mucosa of the pouch. The two diseases are distinct, based on risk factors,

immunological features, genetic factors, histology and response to medical and surgical

therapy (Ghosh et al., 2000), though undoubtedly they share a number of features in
common too. As nutritional therapy forms only small component of the general

management of IBD, this chapter reviews the available medical therapy of IBD.

3.1. Course of disease

A prospective study from Norway on 496 UC patients showed a cumulative 1-year

relapse rate of 50% (Mourn et ah, 1997), with 11% of patients with relapses following a

chronic relapsing course. In the same study 232 CD patients showed a cumulative 1-

year relapse rate of 47%, and 10% of patients had a chronic relapsing course. In UC

patients the risk of colectomy was significantly higher in patients with extensive colitis

compared with left-sided colitis and patients younger than 50 years had a higher risk of

relapse. In CD patients the risk of recessional surgery was significantly higher in

patients with small bowel involvement compared with colonic involvement alone.
In a recent survey, the outcome after steroid therapy in Olmsted County, Minnesota has
been reported after the first course of steroids in IBD (Faubion et al., 2001). Out of 173
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patients with CD, only 43% were ever treated with steroids resulting in complete
remission in 58%, partial remission in 26% and no response in 16%. Out of 185 patients
with UC, only 34% received steroids with complete remission in 54%, partial remission
in 30% and no response in 16%. One-year outcome in CD was 32% prolonged

response, 28% steroid dependence and 38% surgery while that in UC was 49%

prolonged response, 22% steroid dependence and 29% surgery. The outcome data are

in agreement with those reported previously by Munkholm et al (Munkholm et al.,

1994) on a Scandinavian cohort of CD patients prescribed their first steroid course in
whom 48% achieved complete clinical remission, 32% partial remission and 20%

remained steroid refractory 30 days after commencement of therapy. Forty-six percent

ofpatients in complete and 43% ofpatients in partial remission had relapsed when
evaluated 30 days after cessation of treatment, suggesting steroid dependency.
Therefore a standard course of steroid treatment in unselected patients with CD results

in prolonged steroid response in 44% of the patients, steroid dependency in 36% and
steroid resistance in 20%.

Different subgroups of patients may have different natural histories. Serum Anti-

Neutrophil Cytoplasmic Antibody with perinuclear staining (pANCA) is associated with
UC and with 10-15% of CD patients. On the other hand, CD patients are characterised

by the presence of anti-Saccharomyces cerevisiae antibody (ASCA). The CD patients
with UC like serology, i.e. positive pANCA and negative ASCA have a more UC like
disease with less fibrosis or fistulisation and lower requirement for surgery (Hoffenberg
et ah, 1999; Vasiliauskas et ah, 2000) CD patients who express high titters of serum
ASCA with negative pANCA have aggressive course of disease with fibrosis and
fistulisation requiring surgery more frequently
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3.2. Goals of therapy

Only colectomy in UC has cure of disease as a realistic goal. Generally, both UC and
CD are characterised by episodes of clinical relapse caused by exacerbation of intestinal
inflammation and treatment is aimed at reducing inflammation and subsequently

maintaining remission. However clinical illness at a particular time is a composite of
the effects of a number of variables and disease mechanisms. The endpoint of treatment

of a relapse is symptomatic remission, but it has been demonstrated that many patients
with clinically quiescent IBD have low grade mucosal inflammation as demonstrated by
faecal excretion of11 'indium labelled granulocytes (Saverymuttu, 1986) or by whole

gut lavage fluid (WGLF) granulocyte elastase (Handy et ah, 1996).

3.3. The strategies

The choice of therapy depends on severity of disease, the presence of complications, the
site ofmacroscopic disease involvement and patient preferences. A multidisciplinary
team consisting of physicians, surgeons, pharmacists, nurse practitioners, dieticians,

psychologists and psychiatrists is required for optimum care of IBD patients. The usual

strategy is to start with the least toxic drug appropriate to the clinical severity and step-

up, though an alternative strategy to start with the most powerful and effective drug and

step-down requires further evaluation as effective (but expensive) and safe biological

agents are becoming available.

3.4.The armamentarium

The range of medical therapies available for management of IBD is widening and
reviewed below, but appropriate timing and their use for the correct indication dictate
success. Choice of these drugs depends on an understanding of their mechanism of
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action, efficacy, side effects and long term safety profile. The patient needs to be
involved in the decision regarding therapeutic choices. Appropriate and timely surgical
interventions are crucial in managing complications and medically refractory disease.

3.4.1. 5-Aminosalicylates

The value of 5-aminosalicylate (5-ASA) therapy is different in UC and CD. While 5-

ASA therapy is useful in UC to treat mild to moderate active inflammation and in
maintenance of remission, the value of 5-ASA in CD is much more limited. The azo-

bonded preparations (Sulfasalazine, olsalazine, balsalazide) rely on bacterial azo-
reduction for release, whereas the enteric-coated and delayed release mesalamine

preparations are dependent on luminal pH, intestinal transit time and gastric emptying.

Although the newer 5-ASA preparations in a dose of at least 2 gm/day are more

effective than placebo in the treatment ofUC, a meta-analysis could not find enough
evidence that these are clearly superior to sulfasalazine (Sutherland et ah, 1993). There
is some evidence to suggest that balsalazide 6.75g/day is more effective than
mesalamine 2.4g/day in the treatment of acute UC (Green et ah, 1998) (Sinha et ah,

2001). Both balsalazide 3g/day and mesalamine 1.2g/day are equally effective as

maintenance therapy, though balsalazide might control nocturnal symptoms somewhat
better (Ewe et ah, 1999). Sulfasalazine, the earliest available therapy for UC is
associated with 20-40% incidence of adverse effects including nausea, anorexia, skin

rashes, blood dyscrasias and male infertility. Most side effects are associated with the

sulfapyridine, and therapeutic efficacy is ascribed to 5-ASA, so that expectedly, all 5-
ASA preparations tend to be better tolerated, and are currently used by most

gastroenterologist in preference to sulfasalazine. However, if a patient is well on

sulfasalazine, there is no necessity to change to the newer 5-ASA preparations. In

mildly or moderately active CD, sulfasalazine or 5-ASA might induce remission, but

adequate doses (at least 3gm/day or more) must be used. The efficacy of 5-ASA in

maintaining remission in inactive CD is controversial. A meta-analysis in 1994

suggested that 5-ASA significantly reduced the relapse frequency in patients with
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inactive CD {Odds ratio (OR) 0.56, 95% CI 0.37-0.84 at 6 months; OR 0.47, 95% CI
0.33-0.67 at 12 months; OR 0.53, 95% CI 0.38-0.73 at 24 months) (Messori et al.,

1994). In a further meta-analysis including 10 eligible trials (n=1022) on CD patients it
was shown that mesalamine but not sulfasalazine therapy used for 1 year was effective
in reducing the risk of relapse. (Steinhart et al., 1994). Further meta-analysis (15 RCTs
ofmesalamine maintenance in CD, n=2097) showed that the risk reduction of

symptomatic relapse was significant in the post-surgical setting (pooled risk difference

-13.1%; 95% CI -21.8% to -4.5%) but not medical setting (pooled risk difference
difference - 4.7%; 96% CI -9.6% to 2.8%) (Camma et al., 1997). Multivariate analysis

predicted reduction of the risk of symptomatic relapse in postsurgical patients, in

patients with ileitis and in patients with prolonged disease duration. There is
considerable heterogeneity in the above studies, including site of disease and the drugs
used to induce remission. The data suffers from post-hoc subgroup analysis and

efficacy analysis (rather than intention to treat). Currently the data is not sufficient to

support the routine use of 5-ASA in prevention of relapse in either the post-surgical or
in medically induced remission in CD. The rather modest benefit has to be weighed

against the inconvenience of taking a large number of tablets and the cost, and detailed
discussion with a patient is necessary prior to institution of therapy. Even in the

prevention of post-operative relapse, the benefit of 5-ASA is very modest, (Lochs et al.,

2000) but this is the setting in which 5-ASA therapy is most often used in CD.

3.4.2. Corticosteroid therapy

Corticosteroid therapy provides the mainstay of therapy in acute severe UC and CD. In

paediatric severe CD nutritional therapy is often a more popular first choice therapy. In
severe UC hospitalisation and intravenous therapy is required. In moderately active UC
oral corticosteroids may be used in an outpatient setting. Oral-controlled release

budesonide has also been used in mild to moderately active UC with the advantage of
little suppression of plasma Cortisol levels (Lofberg et al., 1996). A pilot trial has also

suggested that oral pH-modified-release formulation of budesonide may be used in
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steroid dependent UC to reduce side effects (Keller et al., 1997). Corticosteroids induce

remission in 70% of patients with active CD compared to approximately 30% on

placebo (Summers et al., 1979) (Malchow H et al., 1984). In severely ill, hospitalised

patients, intravenous therapy is appropriate. After adequate response in 5-7 days, oral

prednisolone is commenced. For distal ileal or ileocolonic CD, budesonide, a locally
active steroid with high first pass metabolism, is an alternative to prednisolone with
remission rates of 52-60% in 8 weeks (Greenberg et al., 1996) (Rutgeerts et al., 1994)

(Campieri et al., 1997) (Gross et al., 1996). A recent meta-analysis however confirmed
that budesonide is significantly less effective than conventional steroids in inducing
remission in active CD (pooled rate difference -8.5%; 95% CI -16.4 to -0.7%; p=0.02),
but is associated with less steroid side effects (Papi et al., 2000). Controlled ileal release
budesonide 9mg/day however was more effective than 4g/day of slow-release
mesalamine in active CD after treatment for 8 weeks (Thomsen et al., 1998).

Corticosteroids are not effective in maintaining remission in IBD (Steinhart et al.,

2000). This has to be distinguished from a small proportion of chronic active IBD

patients who are steroid dependent and require a small dose to maintain remission.
Budesonide (3mg or 6mg/day or placebo), with its lower incidence of side effects, was
evaluated for maintenance of remission in ileal and ileocaecal CD. Though there was

some prolongation of the time to relapse in the budesonide groups, the rates of relapse
in all groups were similar by 1 year (Greenberg et al., 1996) (Lofberg et al., 1996). A
further study of budesonide as maintenance treatment in CD was completely negative

(Ferguson et al., 1998). A Cochrane review concluded that oral budesonide therapy at

6mg/day is not effective in preventing relapses of CD (Simms et al., 2001). Budesonide
does not prevent endoscopic recurrence of CD after ileocaecal resection though a slight
beneficial effect was noted in those who underwent resection due to uncontrolled

inflammatory activity compared with those who underwent surgery due to fibro-stenotic
disease (Hellers et al., 1999). The beneficial effect of budesonide in preventing post¬

operative recurrence of CD has been consistently shown to be very small and
budesonide cannot be recommended for this indication (Ewe et al., 1999). This has been

confirmed by a recent meta-analysis (Papi et al., 2000).
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Though not effective in maintaining remission, controlled ileal release budesonide may

be used in steroid dependent CD patients. In a double-blind multicenter trial, 120

steroid-dependent ileal or ileocolonic CD patients were randomised to 6mg/day of
budesonide or placebo (Cortot et ah, 2001). Prednisolone was tapered off during the
first 4-10 weeks. Relapse rates in the budesonide group was 17% and 32% after one and
thirteen weeks without prednisolone compared to 41% and 65% in the placebo group.

Glucocorticosteroids side effects were reduced by 50% by switching from prednisolone,
and were similar in the budesonide and placebo groups.

3.4.3. Immunosuppressive therapy

Steroid resistant patients are considered for immunomodulatory therapy. Prolonged
corticosteroid therapy has unacceptable side effects. A significant proportion ofpatients
who are steroid dependent should also be considered for immunomodulatory therapies
unless the dose of steroids is low (<7.5 mg/day) and side effects are few. The

immunomodulatory therapies used in IBD are azathioprine/6-mercaptopurine,

methotrexate, cyclosporin, mycophenolate mofetil and biologicals such as infliximab.

3.4.3.1.Azathioprine

Azathioprine (AZA) is the pro-drug of 6-mercaptopurine (6MP). AZA is rapidly
converted to 6MP by a non-enzymatic pathway dependent on glutathione and other

sulphydryl containing proteins. AZA is about 55% 6MP by weight, and since over

three-quarters ofAZA is converted to 6MP, Img ofAZA is equivalent to 0.5 mg 6MP

(Lennard, 1992). Bioavailability of these drugs is low (less than 20%) due to the
extensive catabolism by xanthine oxidase found in enterocytes and hepatocytes (but not

haemopoietic tissue (Lennard, 1998). 6MP can then be metabolised by 2 remaining

pathways; either converted by thiopurine methyltransferase (TPMT) to an inactive form

6-methyl mercaptopurine (6MMP) or metabolised by hypoxanthine guanine

phosphoribosyl transferase (HPRT) to its active metabolites 6-thioguanine nucleotides
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(6TG) and 6-methylmercaptopurine ribonucleotides (6-MMPRs) (Elion GB, 1969)

(Elion, 1989). The mode of action of 6MP rests on the incorporation of these thiopurine
nucleotide metabolites into cellular nucleic acids and thus inhibiting de novo purine

synthesis (Tidd DM and Paterson, 1974). These enzymatic pathways are distinct and

competitive and thus a lack of enzymatic activity at one point will result in an excess

product being produced from a competing pathway.

There is a paucity of good randomized, double blinded studies into the use of

azathioprine and 6-mercaptopurine in IBD. Problems have included small numbers of

patients, non-randomized trials, sub therapeutic doses, inadequate duration of treatment
and differing concurrent drug therapy. In addition, trials in CD patients have generally
been better represented than for similar trials in UC. Meta-analysis of the trials provides

positive support for efficacy of azathioprine and 6MP in IBD patients. It should be
noted that there have never been any direct comparative studies between azathioprine
and 6-mercaptopurine - but it is reasonably assumed that both drugs have similar effects
after taking into account obvious dose differences mentioned earlier.

In CD a few studies have addressed treatment in active disease exclusively (Ewe et al.,

1993) (Klein et al., 1974) (Present et al., 1980) (Rhodes et al., 1971). These studies
were quite heterogeneous in as far as their outcomes (steroid sparing effect,

development of remission etc.) and study design (crossover vs. non-crossover), but all

compared placebo with azathioprine. Rhodes et al found no difference in response, but
the study was flawed by the short duration of therapy (7 weeks). All of the other studies
found varying degrees of favourable response (odds ratio 1.0-10.45). They also found a

steroid sparing effect. A meta-analysis was by Pearson et al (Pearson et al., 2000)
included multiform studies that looked at active disease and steroid sparing effect. The
estimated overall common odds ratio was 3.09 (95% CI, 2.45 to 3.91) in favour of

azathioprine or 6-mercaptopurine therapy. Despite favourable results in an open study, a

placebo-controlled trial of an intravenous loading dose of azathioprine (40mg/kg/36

hours) could show no decrease in time to response, despite achieving early higher 6-TG
concentrations (Sandborn et al., 1999).
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Two studies have looked exclusively at treatment with azathioprine in quiescent CD as

maintenance therapy (O'Donoghue et al., 1978) (Rosenberg et ah, 1975), while there
have been several others that have included maintenance therapy as part of a multiarm

study (Candy et al., 1995) (Summers et al., 1979) (Willoughby et al., 1971). Again, all
of these exhibited varying degrees of benefit (odds ratios 1.20-4.48), and meta-analysis

by Pearson et al estimated a common odds ratio of 2.27 (95% CI, 1.76 to 2.93) in favour
of azathioprine therapy (Pearson et al., 2000).

In active UC the use of both azathioprine and 6MP is active colitis is limited due to the

protracted time to maximal onset (approximately 3 months). There is no evidence that

azathioprine plus steroids versus steroids alone increases remission rates, but there is
evidence of a steroid sparing effect within this time frame (Adler and Korelitz, 1990)

(Kirk and Lennard-Jones, 1982). Initial report of a pilot study using 3 regimens of
intravenous azathioprine loading dose to reduce the time to response in UC is more

promising (Mahadevan et al., 2000) than the results in CD.

As maintenance therapy azathioprine has been studied more extensively than 6MP in
UC. There is good evidence that AZA/6MP allow steroid dose reduction, a conclusion
found in several studies to date (AZA dose 1.5-2.5 mg/kg (Adler and Korelitz, 1990)

(Caprilli et al., 1975) (Jewell and Truelove, 1974) (Kirk and Lennard-Jones, 1982)

(Rosenberg et al., 1975). It should be noted that there is no clear evidence from studies
to show that AZA or 6-MP are of benefit in the chronic active UC patient who is steroid
resistant. Jewell et al studied such patients for 12 months and found no clear benefit

(Jewell and Truelove, 1974), although uncontrolled data from others has shown
beneficial effects (George et al., 1996). Further evidence can be drawn from withdrawal

studies, which although unable to comment on the magnitude of the effect of AZA,
have shown that AZA withdrawal during remission leads to increased relapse rates

(Hawthorne et al., 1992). There are no controlled randomised trials that have looked

exclusively at 6MP and maintenance therapy in UC. However, in clinical practice, both
AZA and 6MP are widely used in chronic steroid resistant or steroid dependent
ulcerative colitis.
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3.4.3.2. Methotrexate

This has been used less frequently in IBD than AZA, and gastroenterologists are often

wary of its side effects. MTX inhibits dihydrofolate reductase (DHFR) and its
metabolites inhibit folate dependent enzymes downstream to DHFR. This results in

impairment of purine production, inhibition ofmethionine production and local
accumulation of adenosine. Theories of efficacy ofMTX in IBD are based on inhibition

of leukocyte proliferation, induction of apoptosis of activated T-cells, inhibition of pro¬

inflammatory cytokine production, decreased leukotriene B4 production, impaired

immunoglobulin synthesis and local accumulation of adenosine. The efficacy ofMTX
in inducing remission and in steroid sparing for refractory CD was initially described in

small, uncontrolled studies (Kozarek et al., 1989) (Baron et al., 1993). The evidence
from randomised, controlled trials of the efficacy of oral methotrexate have been

conflicting (Arora et al., 1999). However, parenteral methotrexate in a dose of 25

mg/week resulted in remission and steroid withdrawal in 39% of steroid dependent CD

patients compared with 19% in the placebo group (Feagan et al., 1995). Methotrexate
for the treatment 1995) A randomised, controlled comparison ofmethotrexate (15

mg/kg IM weekly) with placebo for the maintenance of remission in steroid refractory
CD showed 65% remission rate for methotrexate compared with 39% for placebo over a

40 week study period (p=0.04) (Faubion et al., 2001). In addition, 28% in the
methotrexate group Vs 58% in the placebo group used corticosteroids for relapse

(p=0.01). As remission was induced in this study by the use ofmethotrexate initially,
the maintenance trial had selected out a group ofmethotrexate responders who had
tolerated the drug. A recent report of long term methotrexate use in 76 steroid-refractory
CD patients (mean methotrexate duration 55 weeks; mean dose 20mg/week) suggests
that improvement and remission were highest with parenteral methotrexate use and was

dose dependent (Chong et al., 2001). Improvement and remission were more likely for

younger patients under the age of 40. The steroid-sparing effect ofmethotrexate was

apparent in 78% of patients with complete discontinuation achieved in 40%

Intramuscular administration is painful and inconvenient and weekly subcutaneous

administration may be more convenient, especially in children (Mack et al., 1998). lmg
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folic acid per day decreases both the stomatitis and gastrointestinal side effects without

reducing drug efficacy. Folic acid supplementation may also prevent MTX-induced rise
in plasma homocysteine and promotion of arterosclerosis. Lemann et al recently

reported probabilities of relapse of 29%, 41% and 48% at 1,2 and 3 years in a cohort of
CD patients maintained on methotrexate for a median of 18 months (Lemann et al.,

2000).

3.4.3.3. Cyclosporine

Cyclosporine is a lipophilic cyclic peptide that interrupts the cellular immune response

by blocking interleukin 2 production by T cells. Adding intravenous cyclosporine to

corticosteroids has successfully treated steroid refractory cases of UC. Uncontrolled and

open labelled studies have reported improvement with intravenous cyclosporine

(Lichtiger and Present, 1990) (Lichtiger, 1990) (Santos et al., 1995) (Carbonnel et al.,

1996). A small controlled trial has influenced clinical practice (Lichtiger et al., 1994). In
this randomised, double blind controlled trial 4mg/kg of cyclosporine or placebo was

administered by continuous infusion to 20 patients with severe UC, unresponsive to at

least a week of intravenous corticosteroids. Nine of 11 patients (82%) treated with

cyclosporine had a rapid response, as compared with 0 out of 9 patients who received

placebo (p<0.001). Restorative proctocolectomy after failure of rescue with intravenous

cyclosporine is not associated with any apparent increase in complication rate, though
this study had used a dose of 2mg/kg/day dose (Pinna-Pintor et al., 2000). A recent

report has shown impressive efficacy of intravenous cyclosporin in steroid-refractory

pyoderma gangrenosum in UC and CD (Friedman et al., 2001). Intravenous

cyclosporine can also be used as first line therapy in severe UC. In a double blind,
controlled trial, 30 severe UC patients were randomised to 4mg/kg/day of IV

cyclosporine or 40mg/day of methylprednisolone. After 8 days, those responders
received the same medication orally with azathioprine (D'Haens et al., 2001). After 8

days, 53% ofmethylprednisolone group and 64% of the cyclosporine group responded,
but after 12 months 78% of those initially responding to cyclosporine maintained their
remission compared with 37% of those responding to corticosteroids.

88



In CD, beneficial effect of short-term treatment using high dose cyclosporine (median
7.6 mg/kg) has been reported (Brynskov et al., 1989), but such doses have considerable

toxicity. In a large randomised, double blind placebo controlled trial, a lower dose of
oral cyclosporine (2.5mg/kg increased to 5mg/kg after 2 weeks and then dose adjusted
to maintain whole blood trough concentration of 200ng/ml) was added to conventional
but standardised treatment of CD patients whose disease had been active within the

previous two years. The results were disappointing and addition of cyclosporine did not

improve symptoms or reduce requirements for other forms of therapy (Feagan et al.,

1994). Therefore long term treatment with cyclosporine is not recommended, though

undoubtedly, some patients with severe Crohn's colitis refractory to steroid therapy may

respond to intravenous cyclosporine, similar to severe UC.

Most experience in IBD is with the oil-based formulation, but the bioavailability of the
microemulsion-based formulation is 20% higher, and the pharmacokinetic parameters of

the latter preparation in IBD patients is broadly similar to those measured in healthy
volunteers (Latterie et al., 2001). Oral microemulsion based formulation (5mg/kg/day)

may be convenient and efficacious in severe UC refractory to steroids (Ortiz et al.,

2000) and act as a steroid sparing agent (Actis et al., 1999) but randomised, controlled
trials are essential.

3.4.3.4. Mycophenolate mofetil

Mycophenolate mofetil (MMF) is an ester prodrug of mycophenolic acid. It inhibits
inosine monophosphate dehydrogenase and suppresses lymphocyte proliferation. It has
been shown to be an effective immunosuppressive therapy in organ transplantation and
in rheumatoid arthritis, pemphigus vulgaris and psoriasis. In a randomised controlled

study of 70 patients with moderately active CD, treatment with MMF (15

mg/kg)/prednisolone (50 mg oral) led to a comparable reduction in disease activity to

azathioprine (2.5 mg/kg)/prednisolone (50 mg oral). In patients with severe CD (CDAI

>300) treatment with MMF/prednisolone resulted in significant suppression of disease
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activity more rapidly than azathioprine/prednisolone. Treatment with

MMF/prednisolone was associated with few adverse effects (Neurath et al, 1999). This
randomised trial was over 6 months and in a further retrospective study open study

azathioprine and MMF (25-35 mg/kg) were compared in CD over one year. The onset

of action ofMMF appeared to be shorter than azathioprine, but MMF patients had
almost twice as many flare ups as azathioprine (80% vs. 47%) (Miehsler et al., 2001).
Both drugs have steroid-sparing properties. MMF was prescribed to 15 patients
intolerant of azathioprine and hence this study is not truly comparative.

3.4.3.5. Tacrolimus

Tacrolimus (or FK506) shares many of the pharmacological properties of cyclosporin
but is 50-100 times more potent as an immunosuppressive. Most reports of the use of
tacrolimus in IBD, both CD and UC are anecdotal. A particularly useful indication is
low concentration (0.5mg/gm) topical therapy in oral and perianal CD. Such use

appears to be effective in small, open series, with little systemic absorption (Casson et

al., 2000) unlike oral tacrolimus in perineal fistulae. Oral tacrolimus is well absorbed in
CD and may act as a rapidly acting immunomodulatory 'bridge' in complicated small
bowel and fistulizing CD before 6-MP or methotrexate becomes effective (Sandborn,

1997). It may also be effective as monotherapy in CD refractory to steroids (Ierardi et
al., 2001). In 13 children with severe UC or Crohn's colitis, 69% responded to oral
tacrolimus O.lmg/kg/dose given twice a day, but fewer than 50% achieved a long-term
remission (Bousvaros et al., 2000).

90



3.5. Biological Therapy

3.5.1 TNFa inhibitors

Anti-TNFa therapy has been studied most. The murine chimeric monoclonal antibody
infliximab has been shown to be effective in the treatment of moderate to severe active

and fistulizing CD (van Dullemen et al., 1995) (Targan et al., 1997) (Present et ah,

1999) (Rutgeerts et ah, 1999) (Ricart et ah, 1999). The principal use of infliximab is in

treating patients not responding to conventional therapies or developing unacceptable
side effects. A single infusion of infliximab resulted in impressive short-term response

in a 12-week multicentre, double blind placebo controlled trial of infliximab (Targan et

ah, 1997). A dose of 5mg/kg was most effective. Longer term therapy using lOmg/kg

given every 8 weeks for four infusions to initial responders to infliximab was effective
in maintaining clinical benefit throughout the re-treatment period and 8 weeks after the
last infusion (53% at week 44), but the placebo group had only 20% in emission at week
44 (Rutgeerts et ah, 1999). Reports of the usefulness of infliximab in clinical practice
outside trials confirm its efficacy and safety (Ricart E et ah, 2001). Infliximab is steroid

sparing, and in the Mayo clinic experience steroids could be discontinued in 73% of

patients (Ricart E et ah, 2001). Approximately one-third of patients receiving a second
infusion of infliximab after not responding to a first dose may improve clinically. In a

small open-label study of 15 children (mean age 13 years), a single 5mg/kg intravenous
infusion of infliximab resulted in prolonged response in 3/6 patients with early disease,
but in none with late disease (Kugathasan et ah, 2000). There is increasing data on the

short-term safety and efficacy of infliximab in paediatric IBD patients (Serrano et ah,

2001). Reactivation of the mucosal and systemic immune system preceded clinical

relapse. Patients who relapsed were characterised by a rise in TNFa secretion capacity

and by increase ofmucosal nuclear NF-kB p65 before reactivation of clinical symptoms

(Nikolaus et ah, 2000).

Mouse/human chimeric antibodies such as infliximab induce formation of human anti-

chimeric antibodies, anti-DNA antibodies leading in some cases to drug-induced lupus
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and infusion reactions. Humanised monoclonal antibodies to TNFa such as CDP571

(95% human residues) is potentially less immunogenic than chimeric antibodies. A
short-term placebo-controlled trial with a single infusion of infliximab 5mg/kg in

refractory CD demonstrated beneficial effect on disease activity (Targan et al., 1997).
This was followed up by a 24-week randomised placebo controlled trial in 169 patients.
The patients were initially randomised to lOmg/kg or 20mg/kg ofCDP571 or placebo.

Subsequently patients were retreated with lOmg/kg CDP571 or placebo every 8 or 12
weeks (Sandborn et al., 2001). At week 2, clinical response occurred in 45% in the

CDP571 group compared with 27% in the placebo group (p=0.02). There was no clear

superiority of either of the two doses. Patients also appeared to benefit from re-

treatment over 24 weeks, but not all secondary endpoints reached statistical

significance. The frequency of anti-idiotype antibodies was 7% and anti-DNA
antibodies and antinuclear antibodies developed in 5%. No direct comparison between
CDP571 and infliximab is available.

Etanercept is a fusion protein consisting of the p75 TNF (R2) receptor and the Fc

portion of IgGi. Though preliminary open trials have suggested efficacy, early results
from randomised, controlled trials have been less promising.

Oral TNFa inhibitor therapy with oxpentifylline does not improve inflammation in CD

(Bauditz et al., 1997). Thalidomide also has anti-TNFa properties and is discussed later.

The use of biological agents in UC has lagged behind CD. Subcutaneous injected
interferon a-2A for 12 weeks was compared with 30 days of prednisolone enemas in 32

patients with active left sided UC (Madsen et al., 2001). This open labelled randomised

study suggested improvement in clinical disease activity, IBDQ score and histological
disease activity. The effect of interferon treatment in IBD remains conflicting and

blinded, randomised controlled trials are required. In UC, anti-TNFa therapy with both
infliximab and CDP571 is reported as promising in open trials (Evans et al., 1997),

(Chey, 2001) but large randomised controlled trials are ongoing. Initial reports from a

prematurely terminated randomised, double blind, placebo-controlled study (due to slow

enrolment) suggested clinical benefit for some patients with steroid-refractory UC
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(Sands et al., 2001). In patients with restorative panproctocolectomy for UC with ileal-

pouch anal anastomosis who developed findings compatible with CD affecting the

pouch, administration of infliximab proved effective after conventional therapy failed

(Ricart et al., 1999)..

Biologicals targeted against other inflammatory regulators have been tried. Though a

pilot trial of an antisense oligonucleotide directed against mRNA of intercellular
adhesion molecule 1 (ICAM-1) was promising, a German multicentre, placebo-
controlled trial of subcutaneous antisense ICAM-1 (ISIS-2302) was ineffective in

achieving the primary endpoint of steroid free remission at week 14 (Schreiber et al.,

2001). Further evaluation of ICAM-1 as a therapeutic target in CD is required.

IL10 inhibits effector functions of activated macrophages and monocytes and down

regulates the production of pro-inflammatory cytokines. In a 24-week multicenter

prospective, randomised, double blind study in 95 active CD patients were treated with

subcutaneous, recombinant human IL10 (rhuIL-10: 1,5,10 or 20 pg/kg) or placebo once

daily for 28 consecutive days. Intent-to-treat analysis showed that 23.5% of patients

receiving 5 pg/kg rhuIL-10 experienced clinical remission and endoscopic improvement

compared with 0% of patients in the placebo group (Fedorak et al., 2000) rhu IL10

administered subcutaneously (4pg/kg once daily X 12 weeks or 8 pg/kg twice weekly
or placebo) within 2 weeks after ileal or ileocolonic resection did not prevent

endoscopic recurrence of CD (Colombel et al., 2001). In a prospective, multicentre
double blind, placebo-controlled trial on 329 therapy refractory CD patients, a tendency
towards clinical improvement but not remission was observed in those receiving 8

pg/kg dose (but not 1, 4 or 20 pg/kg doses). Responders to rhu IL10 showed inhibition
ofNF-kB p65 activation (Schreiber et al., 2000).
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3.5.1.1. Alpha-4 integrin antibody

cc4-integrins mediate leukocyte trafficking across the vascular endothelium in the

intestine and administration of a recombinant humanised monoclonal antibody to a4-

integrins (Natalizumab) in patients with mild to moderately active CD resulted in
elevated circulating lymphocytes and a modest decrease in CDAI at 2 weeks (Gordon et

ah, 2001). This pilot study used a rather low dose of natalizumab (3 mg/kg) and phase
II trials with higher doses have been completed.

3.5.1.2. Other biologicals

A number of targets related to the intestinal immune response have been identified and
in the next few years a number of biologically engineered molecules should be available
to favourably manipulate intestinal inflammatory response. In an uncontrolled open

trial, monoclonal anti-CD4 B-F5 antibody was not successful in severe CD, (Canva-
Delcambre et ah, 1996) though other phase I studies have showed potential efficacy.
Sands et al (Sands et al., 1999) evaluated IL11 in a multicentre study on active CD

patients and a higher rate of response was noted in the treatment group (16pg/kg dose)

compared with the placebo group.

3.5.1.3. Combination immunomodulatory therapy

A combination of immunotherapy theoretically may have additional benefit, but
controlled trials are few. After cyclosporin therapy in UC, it is common to introduce

azathioprine/6-mercaptopurine in combination for a period before withdrawal of

cyclosporin. Serious infections have been reported and co-trimoxazole prophylaxis for

Pneumocystis carinii pneumonia is necessary. Concurrent immunosuppression with
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azathioprine or methotrexate might be desirable when treatment with infliximab is

instituted, both for increased efficacy (Rutgeerts et al., 1999) and for reduced adverse
reactions to infliximab infusion. In the multicentre retreatment trial referred to above,

75% of patients receiving retreatment with infliximab who were on concurrent

azathioprine/6 mercaptopurine had a clinical response at 44 weeks after 4 infusions,
whereas only 50% not receiving concurrent immunosuppression had a clinical response,
but the numbers were small and the difference was not statistically significant. Difficult

perianal CD, however, may be effectively treated with a combination of oral tacrolimus
and AZA/6-MP, though the side effects may be considerable and potentially serious

(Lowry et al., 1999). Without further randomised-controlled trials, combination

immunomodulatory therapy cannot be generally recommended in IBD with the possible

exception of infliximab and AZA/6-MP. Cyclosporin induced remission of severe UC
should also be followed up with AZA (D'Haens et al., 2001).

3.5.1.4. Probiotic therapies

Probiotics are living microorganisms that belong to the natural flora and are important
to the health and well being of the host. Various strains of probiotics have different
metabolic and immunology activities. Unlike virulent organisms, which may amplify

inflammation, probiotics may downregulate inflammation in the intestinal mucosa. In
two controlled studies, patients with UC were treated with oral mesalamine or capsules

containing non-pathogenic E.coli as maintenance treatment and no difference in relapse
rates were observed (Kruis et al., 1997). VSL#3 is a probiotic preparation containing 5 x

10n/gm of viable lyophilised bacteria of 4 strains of lactobacilli, 3 strains of
bifidobacteria and 1 strain ofStreptococcus salivarius subsp. Thermophilics. In an open

study, VSL#3 was effective in the prevention of UC relapsers who were intolerant of
sulfasalazine or mesalazine (Venturi et al., 1999). In a randomised, double blind placebo
controlled study on 40 patients with clinical and endoscopic remission of chronic

pouchitis, all patients on placebo relapsed within 9 months of follow up period, while

only 15% receiving VSL#3 had relapsed over the same period (Gionchetti et al.,

2000b).
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3.5.2. Antibiotic therapies

Though serological evidence of the presence ofMycobacterium sp in CD has been

reported, reports of definitive detection of bacterial DNA by PCR from CD affected
tissue have been conflicting (Green et al., 1989), (Chiba et al., 1998), (Cellier et al.,

1998). The two reported clinical trials of antimycobacterial therapy in CD have

produced conflicting results (Gui et al., 1997) (Thomas et al., 1998). A Cochrane review
concluded that anti-tuberculous therapy might be effective in maintaining remission in

patients with CD when remission has been induced with steroids combined with anti-
tuberculous therapy. The results, however, which support this conclusion, come from a

subgroup ofonly two trials with small numbers of patients and routine use of this

therapy cannot be recommended on the basis of current evidence (Borgaonkar et al.,

2000). Though many practising gastroenterologists would add an antibiotic such as

metronidazole to an intravenous steroid regimen for severe UC, objective support for
such practice is scant (Dickinson et al., 1985), (Chapman et al., 1986), (Burke et al.,

1990), (Mantzaris et al., 1994). A recent prospective randomised double-blind placebo
controlled trial addressed this question using ciprofloxacin, hi a study including 55
severe UC patients treated with intravenous hydrocortisone, hydrocortisone enemas and

TPN, 23/29 patients (79%) treated with intravenous ciprofloxacin and 20/26 patients

(77%) treated with placebo showed substantial improvement and could be converted to

oral steroids. Six patients in each group did not improve and 9/12 of these patients
underwent colectomy (Mantzaris et al., 2001). On the basis of these trials, concurrent
antibiotic therapy when treating severe UC patients with intravenous steroids cannot be

supported.

3.5.3. Rectal Administration

Scintigraphic studies have shown that a suppository delivers the drug to the rectum,

whereas a foam enema can reach the proximal sigmoid colon. A liquid enema can reach
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as far as the splenic flexure. Patients find the foam enema more comfortable and easier
to retain than liquid enemas. Distal UC involving the rectum or rectosigmoid can be

effectively treated with topical corticosteroids or 5-ASA agents. Clinical remission can

be achieved in two-thirds of patients, though some may require systemic therapy

(Ardizzone and Porro, 1998). Conventional steroid enemas may suppress endogenous

Cortisol, but not budesonide enema that are also effective in treating distal colitis

(Danielsson et al., 1987). Budesonide and prednisolone retention enemas have

comparable efficacy in active distal UC (Lofberg et al., 1994). In left-sided UC and in

proctitis, meta-analysis suggests topical mesalamine to be superior to topical steroids
and oral therapies (Marshall and Irvine, 1997),(Cohen et al., 2000). Therefore rectal 5-
ASA should be the first line therapy in distal UC, though sometimes it may be usefully
combined with rectal steroids. Recently, a 60ml mesalazine gel enema has been reported
to coat the colon as far as the splenic flexure (Gionchetti et al., 1997a). Though
uncontrolled studies of short chain fatty acid (SCFA) enemas suggested clinical and

endoscopic response (Patz et al., 1996), controlled trials have been conflicting

(Scheppach, 1996), (Steinhart et al., 1996), (Vernia et al., 1995). Similarly, though

cyclosporin enemas showed some response in left sided colitis in an open trial

(Sandbom et al., 1993) a controlled trial by the same group failed to confirm efficacy

(Sandbom et al., 1994). Sucralfate enemas in active distal colitis are of little value

though recently conflicting results have been reported (Wright et al., 1999). The

efficacy of lidocaine (Bjorck et al., 1992), ropivacaine (Arlander et al., 1996) and ecabet

sodium (Kono et al., 2001) require confirmation by controlled trials. Nicotine tartrate

liquid enemas may be better tolerated than systemic administration and a pilot study has
some efficacy in left-sided UC unresponsive to first line therapy (Sandbom et al., 1997).
Nicotine complexed with polyacrylic carbomer and administered as an enema is another
formulation with predominantly local action (Green et al., 1997).

97



3.6. Other novel therapies

3.6.1. Heparin

Heparin belongs to the glycosaminoglycan (GAG) family of poly-anionic

carbohydrates with variably sulphated disaccharide repeats. GAGs have diverse

biological interactions affecting tissue architecture and function mediated by specific
and non-specific ionic interactions. The anticoagulant effect, enhancement ofmucosal

repair and anti-inflammatory effects all contribute to its beneficial effects in UC (Papa
et al., 2000). Most studies demonstrating beneficial effects of heparin are small and

uncontrolled, but suggest that both unfractionated heparin (UH) and low molecular

weight heparin (LMWH) might be effective in severe and even steroid resistant UC.

However, the two small randomised controlled trials of unfractionated heparin vs.

corticosteroids reported remarkably different results. Panes et al (Panes et al., 2000) had
no remission in the UH group compared with 69% remission in the corticosteroid

group; while Ang et al (Ang et al., 2000) had 75% remission in the UH group and 67%
remission in the corticosteroid group. All patients in the latter study had received a 5-
ASA compound. Heparin monotherapy as first line in severe UC in place of steroid

therapy is inadvisable, but undoubtedly some steroid resistant patients may respond.

Significant bleeding complications were noted in the Spanish study (Panes et al., 2000).

3.6.2. Nicotine

Interest in nicotine stemmed from the observational studies on the protective effects of

smoking on UC. Beneficial effect of transdermal nicotine in UC may result from
decreased IL-8 at the transcriptional level (Louvet et al., 1999). Though a number of
trials have found nicotine patches effective in inducing remission in UC (Pullan et al.,

1994), (Guslandi and Tittobello, 1996), (Sandborn et al., 1997) it is not as effective as

corticosteroid (Thomas et al., 1996). Nicotine patches are not as effective as 5-ASA

(Bonapace and Mays, 1997) and nicotine patches do not maintain remission in quiescent
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UC (Thomas et al., 1995). Conflicting data has been reported in a small randomised
controlled study in which patients with mild to moderate clinical relapses of left sided
UC maintained on mesalamine 1 gm twice daily received additional treatment with
transdermal nicotine or prednisolone for 5 weeks (Guslandi and Tittobello, 1998).

During a 6-month follow up period, 20% of patients treated with nicotine relapsed,
whereas 60% of patients treated with prednisolone relapsed (p<0.03). Side effects such

as headaches, tremor and sleeplessness are common with nicotine therapy, and the place
of nicotine therapy in UC remains unclear.

3.6.3. Thalidomide

Thalidomide inhibits production ofTNF-a by monocytes. Thalidomide may heal
severe refractory oral ulceration caused by CD in a dose of 0.7 mg/kg (Weinstein et al.,

1999). Open-labelled 12 weeks trials of thalidomide in refractory CD have reported

symptomatic benefit (Ehrenpreis et al., 1999), (Vasiliauskas et al., 1999). In addition to

anti-TNFa effect, thalidomide has other potential mechanisms of action including
inhibition of neovascularization (Sands and Podolsky, 1999).

3.6.4. Fish oil

Leukotriene B4 is an important final message mediating cellular inflammation and

chemotaxis in inflamed intestinal mucosa of IBD. Supplementation with co-3 fatty acids

(+antioxidants) significantly changed the eicosanoid precursor profile with a decrease in
arachidonic acid and increase in EPA and DHA (Geerling et al., 2000). Despite this, the

clinical efficacy of co-3 fatty acids in the form of fish oil is modest. In a small 7-month
double blind, placebo-controlled crossover trial of dietary supplementation with fish oil

(3.2 gm n-3 fatty acids per day), clinical activity was unchanged in CD but declined

modestly in UC (Lorenz et al., 1989). The efficacy of sulfasalazine is superior to that of
fish oil (5.4 gm n-3 fatty acids per day) (Dichi et al., 2000). In CD, a relatively small

99



Italian study (n=78) found fish oil supplementation (2.7 gm n-3 fatty acids in a novel
enteric-coated preparation) to reduce relapses compared to placebo (Belluzzi et al.,

1996), but a larger study (n=204) found similar relapse rates using an ethyl ester fish oil
concentrate compared with placebo (Lorenz-Meyer et ah, 1996). Different trials have
used varying formulations, dosages and study designs and are not directly comparable.
Further studies are required with a more palatable formulation of co-3 fatty acids, but

currently the use of fish oil formulations cannot be recommended in IBD.

3.6.5. Growth hormone

In a 16-week study, recombinant human growth hormone (GH) was compared with

placebo in 37 patients with moderate to severe CD (Slonim et al., 2000). Diets were

adjusted to provide at least 2g/kg daily protein intake. Treatment with GH resulted in a

significant reduction in mean clinical scores compared with placebo within 4 weeks of

therapy and this improvement continued throughout the study period. After 16 weeks
of therapy, serum IGF-1 increased by 50% in GH-treated patients. IGF-1 is known to

promote intestinal wound healing and mucosal restoration.

3.6.6. Leukotriene inhibitors

Despite the obvious key role of leukotrienes (LT) in the pathogenesis of UC, inhibition
of LT biosynthesis with a 5-lipoxygenase inhibitor (MK-591) was not effective as a

single therapeutic modality in active UC compared with placebo (Roberts et al., 1997).

Furthermore, zileuton, a 5-lipoxygenase inhibitor was also not significantly better than

placebo in the maintenance of remission in UC (Hawkey et al., 1997). At present it
would appear that LT is not a useful therapeutic target in UC.
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3.6.7. Thromboxane synthetase inhibitor

Ridogrel, a thromboxane synthetase inhibitor and receptor antagonist was not shown to

be any more effective than placebo in a double blind placebo controlled trial at a dose of

5mg/day in active CD (Carty et al, 2001). More potent agents may require development
and assessment.

3.6.8. Chloroquine

The immunomodulatory effects of chloroquine and hydroxy-chloroquine have been
utilised in a number of immunological diseases. A randomised controlled trial of

chloroquine phosphate 500mg/day versus sulfasalazine 3g/day in mild to moderate UC
showed no significant difference in response rate (60% vs. 55% complete remission at 4

weeks; p=ns) (Goenka et al., 1996). Side effects were minor.

3.7. Quality of life and pharmacoeconomics

The major therapeutic goal for most patients with chronic illness is, rather than a cure,

an improvement in function and life quality resulting from alleviation of the illness or
from a limitation of the progression of the disease. Moreover, assessment of quality of
life (QoL) in IBD is important because the major disease events (death, surgery, and

hospitalization) occur relatively infrequently and the burden of symptoms together with
social and psychological morbidity is life long. There are 4 major components when

assessing quality of life. These comprise physical function, emotional and social well

being, ability to work and freedom from disease related symptoms. There are generic
and disease specific methods of assessing of QoL. These vary in size and complexity
from a visual analogue scale to a 100-item questionnaire. Generic measures, such as the
Sickness Impact Profile and the Short Form-36, are particularly useful to compare
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relative health differences between diseases, whereas disease specific measures, such as

the IBD questionnaire (IBDQ), address problems encountered within a specific disease.
Patients with IBD have a lower HRQoL than normal individuals and although disease

activity is a major determinant of QoL adverse effects are also present in remission

(Markowitz et al., 2000). The relative contribution of the health domains in active and
inactive disease differs, with social impairment becoming the less damaged dimension
of the IBDQ in active IBD as compared to digestive and systemic symptoms. The IBDQ
has been validated to be a reliable and reproducible method of assessing IBD and is

being increasingly used in clinical trials and the assessment of other treatments of IBD.
It has been suggested that surgery improves HRQoL but more recent data suggests that
the induction of remission, whether medical or surgical, is the main determinant of

improvement. Corresponding use ofQoL measures in clinical trials have shown

improvements with budesonide (Irvine et al., 2000), cyclosporine (Irvine et al., 1994)
methotrexate (Egan LJ et al., 2000). QoL assessment provides invaluable information
about the effect of IBD and its treatment on patients with IBD. However, as financial

implications are increasingly important in treatment of IBD, more sophisticated data is

required on value for money and to this end the cost benefit analysis and analysis of

utility are being increasingly used.

The exact costs of IBD are difficult to assess, as attributing a cost to pain and suffering
is inaccurate. Costs that can be attributed are either direct, i.e. those incurred by the

patient during delivery of healthcare, or indirect, i.e. the loss of earnings or productivity.
There is evidence that indirect cost may be considerably in excess or direct costs

(Blomqvist and Ekbom, 1997). There are 3 methods to estimate the costs of the disease.
In a prospective manor, usually in association with a clinical trial, data can be collected
to estimate health care costs. Although accurate for the examined patients, clinical trials

represent highly selected groups of patients and extrapolation to the general population

may not be accurate. Secondly, data may be collected retrospectively from claims made
to insurance companies or other databases. Extrapolation to a wider population is easier

although the dataset is often incomplete, with those who have not claimed being
omitted. The last method uses a medical decision algorithm, using the published data to
estimate proportion of patients requiring different therapeutic interventions, to estimate
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the cost of a theoretical group of IBD patients. Estimations of the annual cost of CD in
1990 was $6561 and of UC $1488 (Hay and Hay, 1992). More recent estimations using
medical claim data show the mean annual cost of CD to be $12417 (Feagan et al.,

2000). The major costs are involved with hospitalizations occupying 56% ofCD

charges and 60% of UC charges. Surgery accounts for 40% of hospital admissions and
accounts for 75% of costs (Cohen et al., 2000). Medical admissions were similarly

costly for CD and UC but surgery was more expensive in UC (Bernstein et al., 2000). In
addition the cost data are skewed with median values being somewhat lower than
means. This is illustrated by the observation that the most severely affected 25% of the

population accounted for 80% of the charges (Feagan et al., 2000). Pattern of

expenditure appears to be similar in a public as well as private healthcare setting.

Therefore, newer therapies, which may be more expensive, have the potential to be cost

effective if they reduce hospitalization and especially the need for surgery. A simple

pharmacoeconomic assessment indicates that the cost for preventing each relapse using
5-ASA for CD is at least $4,000 to $10,000. Cost-utility analysis has shown that

mesalamine maintenance therapy in CD was associated with a cost of about $5000 per

quality-adjusted life year (QALY) gained (Trallori and Messori, 1997).

Despite the need for accurate cost benefit assessments, conventional cost-effectiveness

analyses are of limited use in IBD as major disease events are relatively infrequent. To
this end cost-utility assessment is increasingly used. Utility is a generic measure that

places a value on HRQoL that lies between 1 (perfect health) and 0 (death). Quality

adjusted life years (QALYs) are calculated by multiplying the time in a health state by
the utility score. Thus, differences in potentially expensive new treatments may be

expressed as incremental cost per QALY. Infliximab, a new and relatively expensive
treatment for CD has been the subject of cost-benefit analysis with some conflicting
results. Infliximab reduces hospital costs in the year after infusion when compared to

the year prior to infusion. The outcome of utility analysis has depended on the duration
of remission and indication for use. The use in luminal disease may well be cost

effective but a cost utility analysis examining the use in perianal fistulas found that the
additional benefit over conventional treatments might not justify the cost. Cost utility

analysis will be used increasingly in the coming years to attempt to clarify the value and

position of new treatment in the armamentarium available against CD and UC.
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CHAPTER FOUR

SECTION I

4. Study Plan: Experimental design

The enteral diet and enteral diet modifications used in this study were supplied by
Scientific Hospital Supply (SHS, Liverpool, UK). The enteral diet (ED) study was
based on elemental diet (E028). E028 is widely used to treat CD and is the main
defined formula diet used at the Western General Hospital Edinburgh. This is an amino
acid based enteral diet, which is referred to in the text as EAA. Although the use of ED
in CD has recently declined because of new drug treatments, such as infliximab, ED is
an effective treatment especially in paediatric CD. A number ofmodifications of ED
were made by SHS to our specifications, and these are described in details later. This
was an investigator-initiated study and the dietary modifications were made by SHS
after discussion with us. All the diets formulations supplied by SHS were modified from
the basis formulation of E028. Therefore the emulsifiers used were the same in all

formulae used in this experiment.

Colonic and, to a lesser extent ileal tissue biopsies from patients with IBD (CD and UC)
were incubated in an organ culture system for 24 hours. Tissue samples from non-

inflamed non-IBD patients (control patients) suffering from constipation, irritable bowel

syndrome, diarrhoea or polyps were also incubated as control. This group of patients is
referred to as control patients.

Biopsy tissue was incubated with a culture fluid medium (Waymoutlf s medium) and
enteral diet. The objective of this study was to measure inflammatory responses after
incubation with the different modified enteral diets. This was investigated by measuring
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the pro-inflammatory cytokine IL1P and the anti-inflammatory cytokines ILlra and
IL10 in the supernatant. TGF-P was also assayed.

Detail of the design and plan of experiments with modified diets is shown in Figure 15.

Figure 15 Study design with modified diets
The different modifications were made to the original elemental diet E028 formulae, keeping the
rest of the formulae unchanged.

The basic composition ofED was equivalent to commercial E028 including vitamins,
macro - and micronutrients but fat and protein composition were modified. Table 2
shows the composition of E028, referred to in the text as elemental diet amino acid

composition (EAA). The osmolality ofE028 was 300 mosmol, which approximates
the physiological osmolality of plasma (290 mosmol). ED was diluted with culture fluid
at three different concentrations of 1:5, 1:10 and 1:20.
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Table 2 Elemental diet (E028, SHS), referred in text as Elemental diet amino acid composition

Nutrient Per lOOg

powder

Energy (kcal) 443

Protein equivalent (g) 12.5

Carbohydrate (g) 60

Fat (g) 17.45

Sodium (mg) 305

Pottasium (mg) 466

Chloride (mg) 333

Calcium (mg) 187.5

Phosphorus (mg) 200

Magnesium (mg) 81.6

Iron (mg) 4.2

Zinc (mg) 4.2

Iodine (|ig) 33.3

Manganese (mg) 0.6

Copper (mg) 0.4

Molybdenum (pg) 33.3

Selenium (pg) 15

Chromium (pg) 15

Vitamin A (pg) 330

Vitamin E (mg) 8.3

Vitamin C (mg) 28.3

Thiamine (mg) 0.6

Riboflavin (mg) 0.6

Pyridoxine (mg) 0.8

Niacin (mg) 4.2

Pantothenic (mg) 2

Inositol (mg) 9.2

Choline (mg) 91.6

Vitamin D (pg) 1.9

Vitamin B12 (pg) 1.8

Biotin (pg) 58.3

Vitamin K (pg) 25
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Patients were informed about the study prior to endoscopy, and asked ifwilling to give
additional biopsy sample in addition to the specimens obtained for clinical reasons.
Ethical approval was obtained for the study from the Lothian Ethics in Research
Medicine and Oncology subcommittee. The consent for biopsies was always obtained

by the clinician performing colonoscopies.

Prior to this study, a small pilot study was performed in three patients where twenty-one

biopsies were obtained and incubated with Waymouth's medium and EAA. The

experimental design of the study, dilution factors for enteral diet with culture medium,
and viability of the tissue during culture period (24-h and 48-h) were investigated and
BrdU staining and assays for cytokines in culture supernatant performed. It was shown
that 3 dilutions of enteral diet (1:5, 1:10 and 1:20) with culture medium were equivalent
to plasma osmolality. Further, the biopsies were viable over the 24-hour culture period
and the cytokine assay with culture supernatant could be done without interference by
EL1SA (protein recovery satisfactory). Figure 16 displays the fatty acid profile of
elemental diet EAA.

Oleic

Myrisitc

Laurie

Palmitic

Palmitoleic

Stearic

Docosaenoic

Caproic
Docosanoic

Linoleic

Caprylic

Figure 16 EAA - fatty acid profile
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4.1. Enteral diets modified in protein composition

4.1.1. Enteral diets modified for casein and whey

Enteral diet was supplied in 50gm packets in powder form. The aim was to investigate
different inflammatory response to the elemental and enteral diets modified in nitrogen
content and composition. Enteral diets were modified and specially manufactured to

contain whole proteins of casein (EC) and whey (EW). These modified enteral diets
were compared with commercial elemental diet E028 (EAA) containing amino acids

only. Differences of amino acid composition of these diets are presented in Table 3.

Table 3 Differences in amino acid composition of EAA, EC and EW
gm/100gm Amino acid EAA EC EW

Protein Equivalent 12.63 13.57 12.13

Nitrogen 2.31 2.12 1.9

L-Alanine 0.51 0.45 0.69

L-Arginine 1.16 0.52 0.33

S-Aspartic Acid 1.00 1.05 1.49

L-Cystine 0.07 0.07 0.27

L-Glutamic Acid 0.00 3.22 2.40

Glycine 0.87 0.26 0.24

L-Histidine 0.63 0.40 0.23

L-Isoleucine 0.86 0.76 0.87

L-Leucine 1.48 1.40 1.43

L-Lysine 1.10 1.10 1.25

L-Methionine 0.50 0.42 0.25

L-Proline 1.01 1.48 0.87

L-Phenylalanine 1.22 0.70 0.39

L-Serine 0.62 0.84 0.76

L-Thronine 0.72 0.60 1.03

L-Tryptophan 0.29 0.17 0.23

L-Tyrosine 0.25 0.78 0.38

L-Valine 0.94 0.97 0.80

L-Carnitine 0.025 0.00 0.00

Taurine 0.047 0.00 0.00

L-Glutamine 1.72 0.00 0.00
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4.1.2. Enteral diet modified for bovine colostrum

The study further investigated a different nitrogen source, high in immunoglobulins.
This was bovine colostrum protein (ECO) made up by SHS into enteral diet by

modulating the basic ED composition ofE028. The bovine colostrum contained 0.9mg

of TGF-p per 1 gm of colostrum powder. The enteral formula of ED-colostrum
contained 15 gm of colostrum per 100 gm ED, with a TGF-p content of 13.5 mg per

100 gm. The main TGF-P content of this diet was TGF-P2, althought colostrum

normally contains some TGF-P 1 (approximately 10-20% ofTGF-P2 content).

4.1.3. Enteral diet modified for TGF-p enriched whey extract

A further diet composition consisted of TGF-P enriched whey extract. This whey

extract itself contained 300 mg of TGF-p per 1 gm. 50mg of this TGF-P enriched whey

extract were manually mixed into lOOgm of enteral diet EAA, and this final diet

composition is referred in text as EWT. The resultant composition was afterwards

equivalent to a TGF-P content of 200 gm enteral diet containing colostrum protein.

Again, the TGF-P subform was TGF-P2. Table 4 gives an overview about ED
modifications using whole proteins from different sources and Table 5 shows the lipid

composition ofEAA, EC and EW. Figure 17 displays the design of the protein

experiments.

Table 4 Enteral diet modified in protein composition
EAA EC EW ECO EWT

ED base E028 E028 E028 E028 E028

Nitrogen source Amino
acids

Casein Whey b ovine
colostrum

Whey extract

TSF-P2 enriched - - - 0.9mg / lgm
colostrum

300mg/ lgm
whey extract
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Figure 17 Protein experiment design - different enteral diet compositions used

Table 5 Defined lipid composition of EAA, EC and EW in percent
EAA EC EW

10.8 % fract. Coconut oil

10.03% Safflower oil

10.03 % Canola oil

10.8 % fract. Coconut oil

10.03 % Safflower oil

10.03 % Canola oil

10.8 % tract. Coconut oil

10.03 % Safflower oil

10.03 % Canola oil

4.2. Enteral diet modified in oil / fatty acid composition

A further series of experiments investigated the cytokine response in enteral diet E028
modified in its fatty acid (FA) content. Details of experimental designs are shown in

Figure 15. The diets were supplied in 50 gm powder form batches. Eight different kinds
of oil combinations were used in this study: (a) Fractionated coconut oil, (b)
unfractionated coconut oil, (c) olive oil, (d) fish oil, (e) sunflower oil, (f) soya oil, (g)
safflower oil and (h) canola oil. The natural occurrence of some of these oils containing
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fatty acids is described in chapter 2. The variation of the ED-oils in respect of their FA

composition is shown in Table 6 and in the pie chart description. These enteral diets
were diluted with sterile distilled water and culture medium in the same way as the ED

protein incubations. The FA content is described in gram per lOOgm of ED. The total
amount of fat in all compositions was 17.65 gm, (approximate 30 % of enteral diet) the
same as in commercial E028. A description of the FA with their trivial and systemic
names, in respect of their saturated and non-saturated structure composition is shown in
Table 7, Table 8 and Table 9. Generally if possible, were two diets for one patient
incubated in pairs, as shown in Figure 18 of the fatty acid experiment.

Figure 18 Fatty acid experimental design - the different compositions of enteral diets modified in
fatty acid compositions
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Table 6 ED Fatty acid composition of enteral diets modified according
to different oils.

gm/100 Trivial Cocoin. Coconut Olive Safflower Canola Sunflower Soy Fish

gm Fat name
fract. not fract. EOL ESA ECA ESU ESY EFI
COCF coc

Total Fat

C6:0

17.65 17.65 17.65 17.65 17.65 17.65 17.65 17.65

Caproic 0.09 0.47

C8:0 Caprylic 55.39 6.69

C10:0 Capric 38.15 5.65

C12:0 Laurie 0.09 44.37

C14:0 Myristic 17.43 0.08 6.60

C16:0 Palmitic 8.57 13.15 4.84 4.40 6.69 10.04 13.67

CI 6:1 Palmitoleic 1.67 0.38 1.43 4.78 3.30 8.32

C18:0 Stearic 2.64 1.91 2.19 58.7 21.99 23.41 2.58

CI 8:1 Oleic 6.41 67.4 72.42 19.12 61.18 50.67 10.33

C18:2co6 Linoleic 1.79 11.23 14.4 8.41 7.17 3.44

CI 8:3co3 aLinolenic 0.09 0.72 0.10 0.48 0.57

C20:0 Arachidic 0.24 0.83 1.34

C20:l Eicosaenoic 0.10 0.41 0.38 1.34

C20:4 Arachidonic 1.62

C20:5 co3 EPA 18

C22:0 Docosanoic 0.10 0.31 0.76

C22:l Docosaenoic 0.05

C22:5 ©3 DPA 17.30

C22:5 ©6 DPA 1.91

C22:6 ©3 DHA 7.27

The following two pages illustrate the fatty acid profile of the diets shown in Table 6 as

pie chart figures (Figure 19 to Figure 26), for ease of comparison.
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a-Linolenic —caproic

Myrisitc—-

Figure 19 (left): COC - fatty acid profile
Figure 20 (right): COCF - fatty acid profde

Caprylic

Arachidic Docosanoic

a-Linolenic Docosaenoic

———Palmitic

Linoleic Palmitol'

Oleic

a-Linolenic
Palmitic

Palmitoleic

Figure 21 (left): EOL - fatty acid profile
Figure 22 (right): ESA - fatty acid profile
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Palmitolei

Docosanoic

Palmitic
Palmitoleic

Figure 23 (left): ECA - fatty acid profile
Figure 24 (right): ESU - fatty acid profile

Linoleic Palmitic

Linolt

Figure 25 (left): ESY - fatty acid profde
Figure 26 (right): EFI - fatty acid profile

Myrisitc

Palmitic
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Table 7 Saturated Fatty acids
Shorthand notation Trivial name Systemic name

C:6:0 Caproic Hexanoic

C:8:0 Caprylic Octanoic

C10:0 Capric Decanoic

C12:0 Laurie Dodecanoic

C14:0 Myristic Tetradecanoic

C16:0 Palmitic Hexadecanoic

C18:0 Stearic Octadecanoic

C20:0 Arachidic Eicosanoic

C22:0 Behenic Docosanoic

Table 8 Mono-unsaturated Fatty acids
Shorthand notation Trivial name Systemic name

C16:1 Palmitoleic Cis-9-hexadecenoic

CI 8:1 Oleic Cis-9-octadecenoic

C20:l Gadoleic Cis-11-eicosenoic

C22:l Cetoleic Cis-11-docosenoic

Table 9 Polyunsaturated Fatty acids
Shorthand
notation

Trivial name Systemic name

C18:2 co6 Linoleic Cis, cis-9, 12-octadecadienoic

CI8:3 co6//co3 y -Linolenic (GLA) //
a- Linolenic

All cis-6,9,12-octadecatrienoic // all
cis-9, 12, 15-octadecatrienoic

C20:4 Arachidonic (AA) All-cis-5,8,11,14-eicosatetraenoic
C20:5 Timnodonic (EPA) All-cis-5, 8, 11,14, 17-

eicosapentaenoic
C22:5 to6 // to3 Osmond //

Clupanodonic
All-cis-4,7,10,13,16-docosapentaenoic

//All cis-7, 10, 13, 16, 19-
docosapentaenoic

C22:6 Cervonic (DHA) All-cis-4,7,10,13,16,19-
docosahexaenoic
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4.3. Organ culture model

The organ culture technique is a method to study cell proliferation, metabolic pathways
and nutritional requirements of organs in a controlled environment. With this technique
it is possible to maintain the structure of the tissue. It is generally accompanied by a

minimum of outgrowth and preserves the histological tissue structure for further

investigations. The main principle of an organ culture is the maintenance of a tissue

specimen from an organ between fluid phase i.e. the medium and a high oxygen

environment i.e. the gas phase. An oxygen level of 95% is necessary for culturing
human colon to prevent a decrease in the pH due to production of lactic acid (Autrup et

al., 1978). The ability to culture cells in a chemically defined medium provides the

opportunity to determine the appropriate medium content in quality and quantity for the
tissue specific nutritional demand. This method has been used successfully by several

investigators for cell kinetic studies after 18 hours incubation of colorectal tumours

(Pritchett et al., 1985) and in mouse colon with supplemented Waymouth's medium for
3 days (Defries and Franks, 1977). Gregory et al reported viability in human rectal
mucosa after 24 hours incubation with Trowel T-8 medium (Gregory L et al., 1973).
Human colon could be kept viable for up to 4 to 7 days, showing viable epithelium in
60% after 7 days. Tissue could be kept for up to 20 days by adding glucose to the
culture fluid, the glucose being highly utilised within 48 hours (Autrup et al., 1978).
Senior et al kept tissue alive for up to 336 hours with supplemented Waymouth's
medium (Senior et al., 1982).

Waymouth's MB 752/1 medium is used as the fluid phase and has been described by

Hodges and Melcher (Hodges and Melcher, 1976). We used in our study the organ

culture method ofWilson et al. previously performed in our laboratory (Wilson et ah,

1990) and essentially based on the method described by Pritchett et al (Pritchett et al.,

1985). The medium was supplemented with 10% foetal calf serum, 300 pg/ml ascorbic

acid, 0.45 pg/ml ferrous sulphate, 50 pg/ml gentamycin, 5000 pg/ml streptomycin,

5000 IU/ml penicillin and 1.5mM L-Glutamine with the addition of 100 pmol BrdU per

100 ml of complete medium.
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4.3.1. Technique of Organ culture for enteral diet incubation

For each experiment, culture medium was freshly prepared prior to the experiment and
the design is described in the following paragraph.

The possibility of weighing the biopsies to obtain tissue weight was considered. As the

biopsies had to be prevented from desiccation, weighing was only possible in a fluid

phase without manipulating biopsies too much. Therefore transport universal containers
were weighed prior to and after biopsy collection. Although weights were determined as

the average of 3 measurements, the between-measurement variations were large, even

using a sensitive digital balance (Oertling, Smethwick, UK), mainly as the endoscopic

biopsies were small. The degree of hydration considerably affected measurement of
such small weights. The alternative option of indexing results against protein or DNA
content was not possible as the tissues were processed for BrdU uptake at the end of
each incubation to ensure viability. Therefore, weighing of biopsies was omitted and
final estimation of cytokine supernatant was expressed as a ratio of anti and pro¬

inflammatory cytokines. This enabled expression of results without taking into account

the weight, which was the same for both cytokine assays in the supernatant. After the
initial experiments with EAA, EC and EW, later experiments were carried out using the
same biopsy forceps by the same investigator, allowing uniformity of biopsy sizes.

Two grams of ED were diluted with 15 ml of sterile distilled water to obtain an

isomolar solution with an approximate osmolality of 300 mosmol as described on

package for a 1:7.5 dilution. The ED fluid was added to the prepared medium in 1:4

dilution. Out of this stock solution, serial dilutions were performed for experiments

using dilutions of 1:5, 1:10 and 1:20. To each experiment culture solution the synthetic

thymidine analogue BrdU was added in a concentration of lOOpl/100ml, giving the final
culture fluid.

BrdU is incorporated into dividing cells and is used as a marker to indicate the viability
of the tissues cultured.
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A steel triangular grid was sterilised over an open gas fire, briefly cooled in

Waymouth's medium and placed over a sterile centre well of the organ culture dish. The
dish contained 1.5-ml culture fluid, so that it just touched the underside of the grid. For
each experimental set up for each patient a tissue was included for incubation using only
medium as control.

The Waymoutlf s medium was pipetted into transport universal containers and all

containers were pre-gassed in an incubation chamber to enrich transport fluid with

oxygen, which could be observed as a colour change ofmedium as a result of oxidation
of ascorbic acid. To preserve humidity of the sealed chamber, a dish with sterile water

was placed into the chamber base. The chamber was closed and sealed with its metal

ring, gassed with 95% 02/5% CO2.

After being notified by telephone, transport containers were transferred into an ice
beaker and tissue was collected from the endoscopy suite. The prepared organ culture
dishes were kept in the incubation chamber during tissue collection, and also pre-gassed
to enrich it with oxygen. After collection, the tissue was orientated under a dissection

microscope to ensure that the explant luminal surface was uppermost and then gently
transferred onto the triangular grid suspended on the culture well. A thin layer of culture
fluid was drawn over the biopsy by capillary action and the lid carefully placed over.

After all tissues were dealt with in the same way, the incubation chamber was closed.
Before the chamber was finally gassed, it was briefly 'flushed' with the oxygen/carbon
dioxide gas mixture, before outlet ports were closed with their clamps and chamber set
under pressure with an oxygen flow rate of 15 litres/min. Finally the organ culture

chamber was placed into an incubator at 37° C for 24 hours. Figure 27 shows an image
of the modular incubator chamber with culture dishes and metal triangular grids used in
this study.

After 24 hours incubation period the pressure was carefully released from the chamber.

Triangular grids with tissues were placed into labelled glass jars containing Carnoy's
fixative (60% absolute alcohol, 30% chloroform and 10% acetic acid) for a maximum of
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16 hours. Following this, the tissue was stored in alcohol (IMS99), awaiting further

histological processing.

The culture supernatant was collected in APEX 1,5ml tubes and immediately frozen and

stored at -70° C for ELISA assay.

For immunohistological staining of BrdU labelled cells and TGF-pi tissue expression,
tissue was embedded into paraffin wax, via an automatic 24-hour long cycle of IMS 99,

Histoclear/alcohol, Histoclear and finally 56°C paraffin wax. The processed tissue
blocks were cut on a Microtome (Leica 2045 Multicut, Nussloch, Germany) in sections

of 5 pm and placed on 0.1% poly-L-lysine coated histology slides for further staining.

Figure 27 Organ culture chamber with triangular metal grids and organ culture dishes
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4.4. Histological Method

The basic staining performed is an immuno-histochemistry method. The principle

depends on an enzyme marker, where the enzyme is conjugated to a specific antigen
attached to the tissue section and then visualised with a substrate. Horseradish

peroxidase can be used as an enzyme marker and the method is generally called an

immuno peroxidase method. Different ways of detection are possible, such as direct and
indirect methods, which are similar to those used in ELISA detection methods (Graham

Robinson, 1982). To detect BrdU labelled cells in the incubated organ culture tissue, a
three stage indirect method was used. The sections were incubated with the primary

antibody, which is unlabelled and directed against the antigen under investigation (Anti-
BrdU, Becton & Dickinson). The second antibody, biotinylated F(ab)2 fragment of
rabbit anti-mouse immunoglobulins (DAKO) is directed against the primary antibody.
A conjugated horseradish peroxidase (StreptABComplex/HRP, DAKO), was bound to

the biotinylated antibody. Finally the binding was visualised with the substrate 3.3
Diaminobenzidine-Substrate (DAB) (Sigma), which reacts histochemically with HRP

for a brown reaction product, which can be detected under the microscope.

4.4.1. Bromodeoxyuridine

Detection of replicating cells can be performed by labelled [3H] thymidine incorporated
into DNA by autoradiograpy or scintillation. This is time-consuming and scintillation

counting, although rapid, is a 'batch' method, it cannot provide quantitative information
on the frequency of replicating cells within a population. Therefore an immunological
method using monoclonal antibodies specific for Bromodeoxyuridine (BrdU) to detect

BrdU incorporation into replicating DNA has shown to provide a sensitive method to

detect DNA replication in single cells (Gratzner, 1982) and is now a well established
alternative to [3H] thymidine incorporation (Green et al., 1998). BrdU is a pyrimidine

analogue, which is incorporated into DNA-synthesizing nuclei (during S-phase of cell
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cycle) and can be immunohistochemically detected using antibodies against BrdU

(Sugihara et al., 1986). It is a method widely used by investigators for measurements of
in vivo proliferation in human colorectal mucosa (Potten CS et al., 1992), proliferation
measurement of gastrointestinal epithelium (Potten et al., 1992), cell kinetic studies in
animals (Wynford-Thomas and Williams, 1986) and abnormal cell proliferation in
colonic mucosa (Wilson et al., 1990). BrdU uptake was used in the current study to
determine the viability of the explants after organ culture for 24 hours in different

enteral diet formulae incubations.

4.4.1.1. BrdU staining method

In the present study, staining for BrdU labelled cells was performed using a method
modified after the protocol of Wilson et al (Wilson et al., 1990) and Green et al (Green
et al., 1998). To prepare the slides for staining, these had to be de waxed and rehydrated

by transfer into Histoclear for 2x5 minutes and into IMS99 for 2x5 minutes. Blocking of

endogenous peroxidase was performed by placing slides into 1 % Hydrogen peroxide in
Methanol for 20 minutes. After washing in running tap water, sections were incubated

for 8 minutes in 1molar hydrochloric acid at 60°C, to denature and release purine base

(adenine and guanine) of the DNA double helix and expose bound BrdU to make it
accessible for anti-BrdU antibody. After a further wash in running tap water sections
were surrounded with a hydrophobic pap pen to prevent antibody solution running off
the slide. Subsequently sections were incubated with normal rabbit serum (SAPU, UK)
in Tris buffered saline (pH7.6) (20%, NRS/TBS) for 10 minutes to prevent non-specific

antibody binding. Incubations were performed in a humid box to prevent the sections
from drying out. Murine monoclonal antibody anti-BrdU mouse was applied for 60
minutes (dilution 1/300 in NRS/TBS). Following rinsing and washing for 10 minutes in
Tris-buffer saline bath (TBS) mouse immunoglobulin/biotinylated rabbit IgG, was

applied for 40 minutes (dilution 1/250 in NRS/TBS). After repeated rinsing and

washing for 10 minutes StreptABComplex/HRP Peroxidase Conjugate was applied to

the sections for 30 minutes (9pl A+B / 1ml TBS). Final visualising of binding was
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detected with DAB (dilution in 10ml TBS: 10pg DAB + 60pl of 6% Hydroperoxide)
for 10 minutes. Sections were washed in running tap water and then treated for 5
minutes in copper enhancement solution to enhance the staining density. Slides were

again washed under running tap water and counterstained in Harris Haematoxylin

(Sigma) for 5 minutes. Subsequently slides were washed in running tap water, dipped in
1% acid alcohol to remove excess haematoxylin, washed in running tap water, and

dipped into saturated aqueous lithium carbonate until the cell nucleus assumed a blue
colour. After a final wash in running tap water sections were dehydrated through graded
alcohol of 70% alcohol, IMS 99, Isopropanol, cleared in Histoclear and Xylene,
mounted with DPX and covered with cover slip. BrdU stained cells were brown/black
stained. To confirm staining, a positive control ofmouse jejunum, which has been
labelled by intravenous injection ofBrdU was used in each staining run.

4.4.1.2. Examination of BrdU stained tissue

Slides were examined in a blinded fashion under a light microscope (Leitz, Wetzlar,

Germany) in magnifications of 100X and 250X. Intact morphological appearance of the

tissue, epithelial surface and BrdU labelled cells in horizontal and vertical crypts were
assessed.

The Labelling Index (number of labelled cells in crypt / total number of cells in crypt) is
a measurement of colonic proliferation. Regions exhibiting a greater proliferation have

higher values of labelling index (Roe et al., 1996). The focus of the present study was
not on colonic tissue proliferation, and so BrdU labelled cells were not scored according
to labelling index as in the study of Gregory et al (Gregory L et al., 1973).

Staining and detection ofBrdU labelled cells was performed to confirm tissue viability

during culture period of 24 hours and no quantitative threshold was employed.
BrdU labelled cells were estimated in horizontal and vertical (U-shaped) crypts. BrdU
labelled cells occurred in vertical crypts at the base of the crypts and along the sides of
the crypts and intact epithelium. Morphology of the tissue and detection of BrdU
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labelled cells confirmed tissue viability over the culture period. Tissues which

expressed these criteria, i.e. intact morphology and BrdU uptake were included in the
final analysis. Representative tissue sections after BrdU staining are shown in Figure
28, Figure 29 and Figure 30.

123



. >•%. >**"*V-. ' !%•% ?,
> * ' ** -V • ® ■

Figure 28 BrdU labelled cells after incubation with ED-fish oil in UC (x250)
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Figure 29 BrdU labelled cells after incubation with medium in CD (x250)
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Figure 30 Brdu labelled cells after incubation with medium in control patients (x250)

All explants required to have intact morphology and BrdU to be included for analysis in the study.
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4.4.2. TGF-(3 staining method

The antibody used for TGF-pi staining was a polyclonal IgG antibody supplied by
Santa Crux Biotechnology (Heidelberg, Germany). This antibody is specific for TGF-

Pl, and is not cross-reactive with TGF-P2 or TGF-P3, as confirmed with the company.

It reacts with TGF-pi ofmouse, rat and human origin. It can be further used either for

Western blotting or, as in the experiments performed in this thesis, for immuno-

histochemistry in paraffin-embedded tissue sections. Several investigators have used
this antibody in different studies, eg. in wound healing in mice (Frank et al., 1996), in
human pancreatic carcinoma tissue (Bellona G et al., 1999)or in human prostate tissue

(Royuela M and Paniagua R, 1998).

Sections stained for TGF-pl followed a three-step immuno-peroxidase ABC method as

described for BrdU staining. Differences in details were in the steps of non-specific

binding blocking, use of serum and acid denaturation at 60° C.

Blocking of non-specific binding was performed with normal sheep serum (NSS) in
TBS (20%) for 10 minutes. The sections were drained and primary antibody rabbit-

polyclonal IgG TGF-pi (Santa Cruz Biotechnology) was applied for 60 minutes

(diluted 1/50 in NSS/TBS). Dilution of primary antibody was determined empirically.
Sections were rinsed and washed as above and the secondary antibody a sheep anti-
rabbit IgG biotinylated (Santa Cruz Biotechnology) (diluted 1/250 in NSS/TBS) was

applied for 60 minutes. Subsequent steps were similar to BrdU staining procedure.

Positive TGF-pi staining was seen as brown staining. TGF-pi expression was found at

the epithelium surface and or at the crypt epithelium and occasionally in lamina propria.
A positive control for TGF-pi and a negative control without addition of primary

antibody were included in each staining run to confirm positive staining. Representative

TGF-pl stained tissue sections are shown in chapter 6 (Figure 52 and Figure 53).

(Details and catalogue reference numbers of reagents used are found at the end of the
Thesis in 'Appendix').
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4.4.2.1. Examination of TGF-pi stained tissue

Stained slideswere investigated in a blinded manner under a Video-Image-Analyser

Leica, Q500 MC (Leica, Cambridge, UK). Some workers have used a scoring system

for TGF-P positive cells as - strongly positive (+), weakly positive (±) or negative (-)

(Avery et al., 1993). However, inter-observer variation can be a problem as seen in a

study by Roe et al (Roe et al., 1996), who investigated measurements of colonic

proliferation by BrdU across laboratories showing that counting crypts and labelled
cells may vary among different laboratories. In this study TGF-P 1 staining expression
was estimated as a percentage of actual tissue area in mm2, which gave a quantitative
value for comparison.

Section staining was quantified using a Leica Video-Image-Analyser Q500MC (Leica

UK, Cambridge). The TGF-P 1 staining was detected by a specially designed computer

program, which minimised observer variation. The microscope was set up for Kohler
illumination calibrated for a magnification of xlO and the motorised stage was

initialised. After initialising, each section was examined under the microscope under a
calibrated xlO objective. Automatic colour detection was set to ensure that all positive

staining was recorded. The stage was set to move automatically in a pattern that covered

the whole section but did not encroach on previously visited areas. The total area of

tissue was also measured and the results expressed as area of TGF-P 1 staining per mm2
of tissue and 1 pixel size on the monitor was equal to 0.000832 mm. Measurements
were also made using a calibrated x25 objective, which gave identical results but

required many more fields to be examined and yielded no obvious benefit. This
automated method was largely independent of the operator and permitted high

throughput.
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4.5. Cytokine Assays

The collected and stored frozen culture supernatant (at -70°C) was analysed by an

Enzyme Linked Immuno-Sorbent Assay (ELISA) and this was based on the indirect
sandwich ELISA technique. This technique consisted of 10 general steps:
1. Passive absorption of the antibody directed against antigen
2. Washing
3. Addition of the antigen
4. Washing
5. Addition of the antibody from different species vs. antigen
6. Washing
7. Addition of enzyme-labelled anti species (directed against antibody)
8. Washing
9. Addition of colour development substrate
10. Reading plate on ELISA reader

(Crowther, 1995)

Four different cytokines were detected using ELISA: IL1 (3, ILlra, IL10 and TGF-pi.
The cytokine ELISAs did not differ from each other in their general procedure and

individual descriptions are therefore abbreviated. For the TGF-P ELISA, samples prior
to assay were activated with 1 N hydrochloride acid and after 10 minutes neutralised
with 1.2 N NaOH. Assay block and diluent solutions were specific for individual

cytokine assays and specific for TGF-P 1 assay. Washing buffer was the same for

interleukin and TGF-P 1 assays.

Material

Phosphate buffer saline tablets (PBS)
ELISA plates

ILip capture antibody

ILip protein
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ILip biotinylated detection antibody

Streptavidin-horse-radish peroxidase conjugate (HRP)
u

ILlra capture antibody
ILlra protein
ILlra biotinylated detection antibody

Streptavidin-horse-radish peroxidase conjugate (HRP)

o

IL10 capture antibody
IL10 protein
IL10 biotinylated detection antibody

Streptavidin-horse-radish peroxidase conjugate (HRP)

Wash buffer

0.05 % Tween 20 in PBS Ph 7.4

Interleukin dilutent (for 200ml):
0.2 % Bovine Serum albumin

20 ml of Tris buffer saline Ph 7.6

180 ml of Sodium chloride, 0.9%

0.002 Tween 20

Interleukin blocking buffer (for 200ml):
2% Bovine serum albumin

10 % Sucrose

u

Substrate

O-phenylene-edamine-dihydrochloride (Fast-OPD) tablets

Tetra-methylbenzidine (TMB) substrate.

v

TGF pi Duoset kit containing:

TGF p capture antibody

TGF p protein

TGF P biotinylated detection antibody
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Streptavidin - HRP conjugate
u

TGF pi diluent (for 100ml)
1.4 % delipidized bovine serum

0.05% Tween 20 in PBS, pH 7.3, 0.2 pm filtered

TGF p Block solution (for 100ml):
5 % sucrose

5 % Tween 20 in PBS

1 N sodium chloride

1.2 N NaOH/0.5 M HEPES

u

(Details and catalogue reference numbers of reagents used are found at the end of the
thesis in 'Appendix').
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4.5.1. IL1 p Assay

ILip was measured in culture supernatants using matched antibody pairs obtained from
R&D Systems. Each antibody had been titrated for use at each stage of the ELISA.

ILip capture antibody was reconstituted with 1 ml of Phosphate buffer saline (PBS).

ELISA plates were coated with lOOpl per well of the capture antibody at a

concentration of 3.5 pg / ml in PBS (adding 70 pi of capture antibody to 10 ml ofPBS).
The plate was incubated overnight at 24°C. After 3x washing the next morning with
interleukin wash and blotting the plate on a paper towel, it was blocked with block
buffer 300pl/well for a minimum time of 1 hour. Defrosted culture supernatant samples
were added in duplicates of lOOpl/well to the plates, either undiluted or diluted with
culture medium, depending on amount of sample available. A standard curve was

constructed using recombinant IL-ip in culture medium with concentrations double

diluted out from 250 - 3.9 pg/ml. A blank sample of culture medium alone was

included in the standard curve. After adding the samples, the plate was incubated at

24°C for 2 hours. A biotinylated detection antibody was used at a concentration of 90

ng/ml in diluent, (adding 18 pi of detection antibody to 10 ml of diluent) and lOOpl

were added per well. Subsequently plates were repeatedly incubated at 24°C for 2
hours. After washing, HRP conjugate peroxidase was added to the plate (100 pl/well) at
a dilution of 1:20.000 and incubated at 24°C for 30 minutes. Substrate OPD was added

at 100 pi per well and incubated for 30 minutes at 24°C. The colour development was

stopped with 3M sulphuric acid by adding 50 pi per well, and plates were read at 490nm
on an ELISA reader.

4.5.2. IL1 ra Assay

IL-lra was measured in culture supernatants using matched antibody pairs obtained
from R&D Systems. As in the ILip assay, each antibody had been titrated for use at
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each stage of the ELISA. The plate was coated at a concentration of 9pg/ml in PBS

(adding 90pl of capture antibody to 10 ml of PBS) and coated with 100 pi per well. The
ILlra plate was incubated overnight and 3x washed the next morning and blotted on a

paper towel. The processing steps for ILlra are the same as the IL1|3 ELISA method.

The plates were blocked with 300pl/well, using the block buffer for the Interleukin

assays. A standard curve was constructed using recombinant IL-lra in culture medium

with concentrations double-diluted out from 5000 - 78 pg/ml. A blank sample of
culture medium alone was included. Culture supernatant samples were added to plate

(lOOpl/well) in duplicate. Samples were incubated at 24°C for 2 hours. An ILlra
detection antibody was used at a concentration of 60 ng/ml in Interleukin diluent

(lOOplAvell), (adding 12 pi of detection antibody to 10 ml of PBS) and the plate was

incubated at 24°C for 2 hours. A HRP conjugate was added to the plate (lOOpl/well) at
a dilution of 1:20,000 and incubated at 24°C for 30 minutes. TMB substrate was used

and finally incubated for further 30 minutes at 24°C. Colour development was stopped
with 3M sulphuric acid and plates were read at 450nm on an ELISA reader.

4.5.3. IL10 Assay

IL-10 was measured in culture supernatants by following the same steps as for ILip and
ILlra. The IL10 capture antibody was obtained from R&D and reconstituted with 1ml

of PBS at a concentration of 4pg/ml in PBS. Plates were coated with lOOpl per well, by

adding 80pl of IL10 coat to 10 ml of PBS. Plates were incubated overnight at 24°C.

After washing, blotting and blocking for a minimum of 1 hour, lOOpl /well culture

supernatant samples were added to plate. A standard curve was constructed using
recombinant IL-10 in culture medium with concentrations double diluted out from 2000

-31.3 pg/ml. A blank sample of culture medium alone was included. After 2 hours
incubation period, a biotinylated detection antibody was used at a concentration of 420

ng/ml in dilutent (adding 42pl of detection antibody to 10 ml of diluent). After the
incubation period of 2 hours, repeated washing and blotting, a HRP conjugate was

added to the plate (lOOpl/well) at a dilution of 1:20,000 and incubated at 24°C for 30
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minutes. TMB was used as substrate, and the plate was incubated for further 30
minutes. The colour development was stopped with 3M sulphuric acid and plates were
read at 450nm on an ELISA reader.

4.5.4. TGF-pi Assay

TGF-P was measured in culture supernatants using a Duoset kit from R&D. The method
was carried out according to the manufacturer's instructions, using ELISA plates from

Corning Costar. The plate was coated with capture antibody anti-TGF-pi, which was

reconstituted with 1 ml ofPBS, required at 2pg/ml, (adding 60pl of coat to 10.8 ml of

PBS) and incubated overnight at 24°C. Next morning the plate was washed, blotted on

a paper towel and blocked with TGF-p 1 block solution for approximately 1 hour. The

TGF-P in the samples was activated with 1M HCL (50pl/250pl sample) for 10 minutes

and neutralised with 1.2M NaOH. As foetal calf serum contains TGF-p, a control

sample of culture medium was activated, neutralised and used in parallel with the

samples. A standard curve was constructed using recombinant human TGF-P 1 in
dilutent with concentrations double diluted out from 2000 - 31.3 pg/ml. A blank

sample of TGF-P 1 in diluent was included. After the 2 hours incubation period a

biotinylated anti-human TGF-P 1 detection antibody was reconstituted with 1ml of PBS

and IOOjj.1/ well was added to the plate. It was used at a concentration at 300ng/ml, by

adding 60pl to 10.8ml of dilutent biotinylated detection antibody. After the incubation

period of 2 hours, repeated washing and blotting, a HRP conjugate was added to the

plate (lOOpl/well) at a dilution of 1:200 by adding 54pl ofHRP to 10.8ml of dilutent,
and incubated at 24°C for 30 minutes. As substrate, OPD was used and the plate was

incubated for further 30 minutes. The colour development was stopped with 3M

sulphuric acid and plates were read at 490nm on an ELISA reader.
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4.5.5. Interference of enteral diet with ELISA assay

Primary ELISA assays for ILip, ILlra, IL10 and TGF-pi were performed in a random
selection of enteral diet modifications to exclude any interference of the diet with the

ELISA assay. These assays were performed in Waymouth medium, elemental diet

(EAA), in olive oil (EOL), sunflower oil (ESU), safflower oil (ESA) and canola oil

(ECA); diets were diluted at 1:10. Seven concentrations of cytokine standard were

added to all the different ED compositions.

Plotting ofELISA for ILip, ILlra, IL10 and TGF-P showed that overall, known added
concentrations correlated well with the ELISA results by plotting all seven-
concentration levels. Therefore increasing concentrations of cytokine standards added to

all ED compositions resulted in an approbriate proportional increase in the ELISA
concentrations of the cytokine mixed in ED composition. It proved that diet

compositions did not interfere with the assays significantly. Correlations of added
concentrations of standards to assayed cytokine concentrations are in Table 10.
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Table 10 Correlation between graded standard concentrations of cytokines added to enteral diet
composition and results of EUSA performed on these solutions
Assay conc. & EAA EOL ESU ESA ECA

correlation
ILip

250 pg, 125pg,
62.5pg, 31.3 pg,

15.6pg, 7.8 pg, 3.9
Pg-

correlation : r 0.99 0.99 0.99 0.98 0.99

ILlra
2500 pg, 1250pg,

625pg, 313pg,
156pg, 78pg,

39pg
correlation: r 0.99 0.99 0.99 0.99 0.99

IL10
2000 pg, 1 OOOpg,

500pg, 250pg,
I25pg, 62.5pg,

31.3pg,
correlation: r 0.99 0.99 0.99 0.99 0.97

TGF-pi
2000 pg, 1 OOOpg,

500pg, 250pg,
125pg, 62,5pg,

31.3pg,
correlation: r 0.99 0.99 0.99 0.99 0.99

4.5.5.1. Recovery of cytokines after incubation in enteral diet formulae

Cytokine recovery experiments were only carried out in EAA, as it was limited by

availability of the diets. It is unlikely that cytokine recovery might be significant
influenced by differences in amino acid compositions or fatty acid composition as the
basic composition of these dietary modifications were all based on EAA (E028). For
diet details refer to Table 2 and Table 3. Elemental diet EAA was diluted in 1:10

dilution and 'spiked" with two known concentrations of cyokines for ILlp, ILlra, IL10

and TGF-pi. This was similarly performed for medium. The "unspiked" and 'spiked'
diet and medium were incubated for four time points i.e. Oh, 3h, 6h and for 24h, each

cytokine incubated for unspiked and two spiked concentrations. After each time point,
culture fluid was collected, stored and frozen for assay.
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The test was executed for two 'spiked' concentrations of Tow' and 'high'.
A low concentration was determined as ILlra lOOpg/ml; ILip of lOpg/ml; IL10

lOOpg/ml and TGF-pi of lOOpg/ml. A high concentration was determined as ILlra of

lOOOpg/ml; ILlp lOOpg/ml; IL10 lOOOpg/ml and TGF-pi lOOOpg/ml.

Results of recovery experiments show that ILip at low concentration was detectable at

all time points to 100 % and at high concentration 100 % detectable at Oh, 3h and 6
hours but only 60 % at 24 hours (Figure 31A)

Recovery of ILlra at low concentration showed that more than 50 % of cytokines was

detected over entire 24 hours (69.3% at 24 hours), and at high concentration a steady
decrease of detectable cytokines from 100 % at 0 h to 52 % after 24 h was seen (Figure

31B).

For IL10 at low concentration nearly 80% was detectable after 0 h and 40% after 24 h.
At high concentration the detected amount of cytokines decreased to 40% after 24 h

(Figure 31C).

Since ILip at low concentration was stable and 100% detectable at all time points, it is

likely that ILlra /ILip ratio in these experiments is conservative, as ILlra was less

stable over a period of time. IL10 was the least stable.

TGF-pi was stable and 100 % detectable at all time points (Figure 3ID).
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Figure 31 Graphs A to D showing % recovery of cytokines by ELISA up to 24-hours. The two
different lines indicate two different initial spiking concentrations
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4.6. Statistics

All the experiments were performed with a control, which was incubation of tissue from
the same patient with medium control (MC). In addition, experiments were performed
with tissue derived from control patients i.e. non-inflamed, non-IBD patients.
Differences of cytokine ratios of anti-inflammatory to pro-inflammatory cytokines after
incubation with modified diets were all compared with MC unless otherwise

specifically stated in text. Differences in TGF-pi expression as immunostaining area

calculated as a percentage of total area of tissue in mm2 was compared with MC

staining expression if not otherwise stated in text. All data are expressed as mean and
standard error of the mean (SEM) found as ± in brackets. Graphically, the data are

shown schematically as vertical bars with error bars plotting the mean and SEM.

All comparisons were statistically analysed against the MC using comparative statistics.
The data on cytokine ratios after incubation with elemental diet, enteral diet -casein and
enteral diet -whey were analysed using Student's t-test as the data was parametrically
distributed. All other data on cytokine ratios were analysed using non-parametric Mann-

Whitney U-test for comparison with MC. The data on TGF-pi expression was analysed

using unstacked ANOVA estimation of variance. The differences were considered to be

significant at p < 0.05 level. In general, the data from three dilutions of dietary formulae

(1:20, 1:10, 1:5) were compared with MC and no correction for multiple testing was

performed.

Correlation between cytokine ratios and TGF-pl expression was calculated using
Pearson's correlation coefficient (r) and the significance of the correlation coefficient
was calculated from the regression equation. Again, the results were considered to be

significant at p < 0.05 level.

All statistical calculations were performed using the MINITAB (release 10).
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SECTION II

Study Plan: Experiments and Subjects

Incubation of biopsy tissues with enteral diets presented in this thesis was performed on

117 patients. From these patients biopsies were obtained during endoscopy and
incubated with diets modified in protein and fatty acid composition, assayed for

cytokines and stained for BrdU to assess tissue viability. Only viable tissue was

included in the final analysis. None of the IBD patients recruited in this study were on

enteral nutritional therapy, prior to, or at the time of endoscopy.

In a smaller cohort of patients additional biopsies were immunohistochemically stained
for TGF-pi and TGF-pl cytokine was assayed. Figure 32 describes experiment design
with reference to patient diagnosis.

protein experiment fatty acid experiment protein experiment fatty acid experiment protein experiment fatty acid experiment
n = 21 n = 22 n = 15 n = 28 n = 13 n = 18

CD n= 43 UC n= 43
i

117 patients

control patients n= 31

Figure 32 Patient design for experimental set up
The number of patients in different groups included for final analysis

138



4.7. Enteral diet protein modifications

Experiments for protein incubations were performed in 36 patients with IBD (21 CD, 15

UC) and 13 non-inflamed control patients. The incubation design for the diets is shown
in Figure 33. Clinical characteristics and patient details for protein experiment is
summarised in Table 11. A detailed separate description of patient information is
included in the result sections for each of the protein incubations. Each of the result

chapters for enteral diet modifications contains a brief summary of results obtained and
a discussion. All the biopsies were handled and processed in the same manner as

described in Chapter 4, section 1 and the method is therefore not repeated.

Figure 33 Patient design for protein experiment
Number of patients in different groups included in the study.

Table 11 Clinical characteristics of patients for protein incubations
liagnosis Disease location Surgery Age Sex

CD 2! 5 colorectal; 11
ileocolonic; 4 colonic;

1 rectosigmoid

2 Hemi-

colectomy+i leostomy
; 3 terminal
ileoectomy; 5
hemicolectomy

38.4 ±3 10F

11 M

UC 15 2 proctitis; 5 distal
proctitis; 3 left-side

proctitis; 4 colorectal;
1 quiscent proctitis

No information 40.8 ± 3 6 F

9 M

Control

patients
13

3 Post-infectios IBS; 6
diarrhoea; 2 IBS; 2
abdominal pain

~ 49.4 ± 5 8 F

5 M
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4.7.1. Biopsies for protein incubation

From these patients 191 biopsies were obtained and incubated with either EAA (1:20,

1:10, 1:5) or EAA & EC & EW (1:20, 1:10, 1:5), respectively and medium control.
Further 70 biopsies were incubated with diets modified for ECO & EWT. Additionally,
one biopsy for EAA in 1:10 dilution was used as a second control along with 10

biopsies obtained for medium control (MC) for the ECO and EWT incubations. Table
12 describes the number of incubations in IBD, control patients and medium control in

protein experiments, which also shows the actual number ofbiopsies from which data
could be obtained for final analysis.

Table 12 Biopsies in protein experiment
Mo. inoubation / data nhtained No. incubation / data obtained

Incubation in EAA iAA & EC & EW ECO & EWT & EAA 1:10

IBD & control

patients
49/39 105/94 70/50

CD 73/60 35/21

CD medium 13/13 5/3

UC 42/38 21 / 13

UC medium 15/7 3 /1

Control patients 39/35 14/10

Control pat. medium 9/5 2/2

Total diet and medium 191 /158 80/50

4.8. Enteral diet fatty acid modifications

68 patients (CD, UC and control patients) were recruited in order to obtain biopsies for
the fatty acid experiments. From each patient 7 biopsies were obtained and incubated in

pairs with two diets modified in fatty acid composition (dilutions 1:20, 1:10 and 1:5).
This included one biopsy incubated with medium as medium control (MC). The study

plan and performance of experiment is described in Chapter 4, section I. The number of
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fatty acid experimental incubations in IBD and control patients is shown in Table 13.

Table 13 Patient design for fatty acid experiment
Diagnosis EOLn 15 ESAn 15 ECA n 14 ESYn 14 EFI n 20 ESU n 20 COCFn 19 COCn 19

CD 6 4 4 6 4 4 8 8

UC 5 6 6 4 12 11 6 6

Control

patients
4 5 4 4 4 5 5 5

Table 14 summaries the clinical characteristics of patients recruited for fatty acid

experiments, which are also listed in the result section of fatty acid experiments,

specifically itemized for each series of individual experiments.

Table 14 Clinical characteristics of patients for fatty acid experiments
Diagnosis Disease location Surgery Age Sex

CD 22 7 colorectal; 1 quiescent; 1
perianal; 1 colitis; 1 small
bowel; 11 no information

1 (right hemicolectomy +
ileocaecalresection); 1

(proctocolectomy+ileostomy);
1 (small bowel resection); 1
(right hemicolectomy);

1 (colectomy+ileostomy); 1
(right hemicolectomy+small

bowel resection)

45.4 ±4 9 M

13 F

UC 28 5 quiescent; 6 pancolitis; 2
proctitis; 3 left site

colitis; 2 distal colitis; 10
no information

1 temp.pancolectomy 52.6 ± 3 13 M

15 F

Control

patients
18

8 IBS; 2 polyp removel; 8
diarrhoea;

52.8 ±4 9 M

9 F
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4.8.1. Biopsies for fatty acid incubation

From these 68 patients 473 biopsies were obtained and incubated for 24 hours as

described in organ culture protocol in Chapter 4, section I. Table 15 explains the study

design for the experiments in relation to number of biopsies taken for IBD, control

patients and medium control, and the number included for final analysis.

Table 15 Biopsies in fatty acid experiments
No. of incubations / data obtained

Incubation in MC EOL ESA ECA ESY EFI ESU COCF coc total

IBD &
Control

patients

68/55 45/32 45/45 42/35 42/30 60/45 60/60 56/28 55/24 173/354

CD 22/19 18/15 12/12 12/11 18/15 12/12 12/12 24/10 24/8 54/114

UC 28/23 15/8 18/18 18/16 12/9 36/21 33/33 17/8 16/8 93/141

Control

patients
18/16 12/9 15/15 12/8 12/6 12/12 15 /15 15 / 10 15/8 126/99
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Table 16 Table of the 117 patients in whom incubation experiments have been performed with
different defined formulae diets

Patient Details Medication State of tissue

N M I Age 5-

ASA

AZA Steroid inflamed not

inflamed

Diagnosis Experiment

1. X 46 X X CD EAA

2. X 40 X UC EAA

3. X 36 X Control EAA

4. X 41 X X X UC EAA

5. X 22 X X UC EAA

6. X 16 X X CD EAA

7. X 40 X X X CD EAA

8. X 30 X X CD EAA

9. X 64 X CD EAA

1°. X 37 X X X CD EAA

11. X 39 X X UC EAA

12. X 45 X UC EAA

13. X 33 nk nk nk X UC EAA

14. X 35 nk nk nk X UC EAA

p. X 51 nk nk nk X UC EAA

16. X 75 X Control EAA

17. X 42 X Control EAA

18. X 46 X X X CD EAA

19. X 44 X Control EAA

20. X 37 X Control EAA

21. X 51 X CD EAA

22. X 60 X Control EAA

23. X 17 X CD EAA

24. X 23 X Control EAA

25. X 38 X UC EAA

26. X 20 X Control EAA

27. X 33 X X CD EAA,EC, EW
28. X 38 X CD EAA,EC, EW
29. X 37 X X UC EAA,EC, EW
30. X 31 nk nk nk X CD EAA,EC, EW
31. X 47 X CD EAA,EC, EW
32. X 38 X X CD EAA,EC, EW
33. X 68 X Control EAA,EC, EW
34. X 19 X X CD EAA,EC, EW
35. X 51 X X X CD EAA,EC, EW
36. X 37 X Control EAA,EC, EW
37. X 24 X X X UC EAA,EC, EW
38. X 43 X Control EAA,EC, EW
39. X 48 X X UC EAA, EC,EW
40. X 60 X Control ECO, EWT
41. X 53 X Control ECO, EWT
42. X 69 X X UC ECO, EWT
43. X 52 nk nk nk X CD ECO, EWT
44. X 52 X X X UC ECO, EWT
45. X 54 X CD ECO, EWT
46. X 39 X UC ECO, EWT
47. X 15 X XX CD ECO, EWT
48. X 42 X X CD ECO, EWT
49. X 49 X X CD ECO, EWT
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N M F Ace 5-ASA AZA Steroid inflamed not inflamed Diagnosis Experiment

50. X 71 X CD ESA, ECA
51. X 48 XX CD COCF, COC
52. X 60 X X CD COCF, COC
53. X 48 X CD COCF, COC
54. X 44 X CD EOL, ESY
55. X 61 X CD EOL, ESY
56. X 38 X X CD COCF, COC
57. X 34 X CD ESA, ECA
58. X 26 X X CD EOL, ESY
59. X 39 X CD ESA, ECA
60. X 38 X X X CD ESA, ECA
61. X 18 X X CD EFI, ESU
62. X 19 X XX CD EFI, ESU
63. X 52 X X X CD EFI, ESU
64. X 75 X X CD EFI, ESU
65. X 90 X CD EOL, ESY
66. X 20 X CD COCF, COC
67. X 60 X CD COCF, COC
68. X 48 X X CD EOL, ESY
69. X 53 X X X CD COCF, COC
70. X 19 X CD COCF, COC
71. X 37 X X CD EOL, ESY
72. X 29 X Control EFI, ESU
73. X 75 X Control COCF, COC
74. X 64 X Control EFI, ESU
75. X 73 X Control ESA, ECA
76. X 77 X Control ESA, ECA
77. X 24 X Control ESU, ECA
78. X 58 X Control EFI, ESU
79. X 39 X Control EFI, ESU
80. X 18 X Control EFI, ESU
81. X 68 X Control ESA, ECA
82. X 46 X Control EOL, ESY
83. X 58 X Control COCF, COC
84. X 60 X Control COCF, COC
85. X 59 X Control COCF, COC
86. X 58 X Control EOL, ESY
87. X 66 X Control EOL, ESY
88. X 28 X Control EOL, ESY
89. X 52 X Control COCF, COC
90. X 29 X X UC EFI, ESU
91. X 63 X X UC ESA, ECA
92. X 75 X UC EFI, ESU
93. X 56 X UC EFI, ESU
94. X 64 X X UC EFI, ESU
95. X 20 X X X UC EFI, ESU
96. X 46 X X UC EFI, ESU

EFI, ESU97. X 69 X UC

98. X 51 X XX UC EFI, ESU
EFI, ESU99. X 69 X UC

100. X 25 nk nk nk X UC EFI, ESU
101. X 36 XX UC COCF, COC
102. X 53 X UC COCF, COC
103. X 60 X UC EOL, ESY

144



N M F Age 5-ASA AZA Steroid Inflamed not inflamed Diagnosis Experiment
104. X 27 X UC EOL, ESY
105. X 51 X uc EOL, ESY
106. X 38 X UC EOL, ESY
107. X 79 X uc ESA, ECA
108. X 59 X XX uc COCF, COC
109. X 69 X uc COCF, COC
110. X 46 X X uc EFI, ESU
111. X 53 X X X uc ESA, ECA
112. X 48 nk nk nk X uc COCF, COC
113. X 55 X X uc ESA, ECA
114. X 73 X X uc ESA, ECA
115. X 37 X X uc ESA, ECA
116. X 69 X uc COCF, COC
117. X 65 X uc EOL, ESY

(N: numbers; M; male; F: female; n.k.: nothing known; x: inflamed; xx: severe inflamed)
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RESULTS

SECTION I

Manipulation of the Nitrogen Source of Enteral Diets
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CHAPTER FIVE

5. Effects after incubation of inflamed and non-inflamed tissues

with elemental diet (EAA), enteral diet- casein (EC) and enteral
diet-whey (EW).

Introduction

Low nutritional intake is common in IBD, and may result in a lack of essential nutrients
and malnutrition (Ferguson et al., 1998). Nutritional deficiencies are more common in

CD than in UC. Nutritional therapy is not considered to be useful in inducing or

maintaining remission in UC, although a milk-free diet has been reported to be more

beneficial compared with a milk-containing diet which increased relapses (Wright R.
and Truelove S.C., 1965). Nutritional therapy is more widely used and effective in CD,
where it may improve disease activity; e.g. parenteral nutrition tends to improve
nutrition and diminish inflammation, possibly by gut rest. However, treatment with a

defined formula diet is cheaper, more effective and results in improvement of

inflammatory symptoms (Teahon et al., 1990; Rigaud et al., 1991). The mechanism of
action is unknown but possible explanations proposed include alteration of bacterial

flora, exclusion of protein antigens, enterocytic immune response and a low fat content

(Murch and Walker-Smith, 1998). Defined formula diets improve nutritional status and

often induce remission of disease activity (Teahon et al., 1995). The efficacy of ED in

inducing clinical remission was seen in 66% of CD patients after 4 weeks of treatment;
ED allowed earlier clinical improvement and also a greater decrease in protein-losing

enteropathy compared with polymeric diets (Rigaud et al., 1991). In adults an

improvement in clinical features and long-term remission in uncomplicated CD could
be achieved by ED (Teahon et al., 1990).

As discussed in Chapter 2, pro-inflammatory cytokines such as ILip, TNEa (Breese et

al., 1994) or indirectly induced cytokines such as IL6, as well as anti-inflammatory

cytokines (Reimund JM et al., 1996), such as ILlra, are altered in IBD (Andus et al.,

1997). A significantly raised production of ILip compared to controls was found in
fresh and 24 hour cultured CD biopsy tissue (Ligumsky et al., 1990). A decreased ratio
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of ILlra/ILip seems to be more common in IBD compared with controls and suggests

the hypothesis that an imbalance of ILlra/ILip ratio may play an important role in IBD

(Dionne et ah, 1998; Casini-Raggi et al., 1995). IL10 has an anti-proliferative effect on
human intestinal lamina propria T-cells, and also induces ILlra secretion in peripheral

monocytes and intestinal lamina propria mononuclear cells. In addition it is known to

restore a decreased ILlra/ILip in IBD to normal levels (Schreiber et al., 1995).

In vivo, a commercial polymeric enteral diet is reported to have a down-regulatory
effect on pro-inflammatory cytokines (Fell J.M.E. et al., 2000). Data from our unit has
also shown a decrease in ILip levels in gut lavage fluid after treatment with elemental

diet (Ferguson et al., 1998). A crucial question is whether EAA is merely an exclusion
diet or whether it possesses direct anti-inflammatory effect. If the mechanism of action
ofEAA was better understood, defined formula diets could be improved further to help
reduce inflammation.

The project described in this Chapter investigates the effect of enteral diet on anti¬

inflammatory to inflammatory cytokine ratio after incubation with different enteral diet
modifications.

Subjects and Methods

The anti-inflammatory to pro-inflammatory cytokine ratios for ILlra / IL1-P and IL10 /

IL1-P after enteral diet incubation using three different preparations; E028 (EAA), EO-
Casein (EC) and EO-Whey (EW) were obtained in 39 patients.

The patient groups were
CD (16), (10) M, (6) F, mean age (37 ± 3) years.

UC (12), (7) M, (5) F, mean age (37 ± 3) years.

Control patients (11), (4) M, (7) F, mean age (48 ± 6) years.

From these patients a total of 191 biopsies were obtained and 158 biopsies were finally

analysed for incubation with the different enteral diet formulae as follows:
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CD: EAA (29), EC (16), EW (15), medium control (MC) (13).
UC: EAA (21), EC (9), EW (8), MC (7)
Control patients: EAA (21), EC (8), EW (6), MC (5)..

Site ofbiopsy taken were:

CD: (12) colon, (4) ileum
UC: (11) colon, (1) rectum
Control patients: (10) colon, (1) sigmoid

Time period from diagnosis to biopsies taken, were as follows:
1-3 years: (3) CD; (6) UC
4-6 years: (2) CD; (2) UC
> 6 years: (7) CD; (3) UC

Medications taken at time of taking of biopsies were:
CD: steroids (2), 5-ASA (4), AZA (1), steroids (2) and 5-ASA (3), AZA and steroids
(2).
UC: steroid (1), 5-ASA (2), steroids and 5-ASA (2), steroids and AZA (1).
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5.1. IL1ra / IL1f3 ratios after incubation with amino-acid based
elemental diet (EAA) enteral diet containing casein (EC) and
enteral diet containing whey (EW)

5.1.1. Crohn's disease

Incubation of CD tissues with EAA increased the ILlra / ILlp ratio in all three dilutions

compared with MC, but the increase reached statistical significant only in 1:10 dilution

compared with MC (Figure 34).

p< 0.05

X

CD

4 50

400

350

300

250

200-

150-

100-

50-

0

% of medium control (ra)

(P>

EAA
(243.0) (334 0) (99 2)
(209 0) (89 8) (129 5)

Figure 34 A+B (A) ILlra /ILlp ratio after 24-h E.AA incubation in CD. (B) ILlra/ILip showing
median and % of medium control of ILlra + ILip

Incubation of CD tissue with EC resulted in a significant increase of the ILlra / IL1 (3
ratio in all three dilutions (p< 0.05) compared with MC. The increase was not

concentration dependent as the highest ratio was seen with 1:10 dilution (Figure 35).

**p< 0.05

X
X

20 10 5

250

200-

150

100-

50-

0

CD

EC

Figure 35 A+B (A) ILlra / ILip ratio after 24-h EC incubation in CD. (B) ILlra/ILip showing
median and % of medium control of ILlra + ILip
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Incubation of CD tissue with EW increased the ILlra / IL1 p ratio for 1:5, 1:10 and 1:20

but did not reach statistical significance. However, by combining the ratios for ILlra /

ILip inEW for all three dilutions of 1:5, 1:10 and 1:20 together, a significant increase

compared with MC was demonstrated (Figure 36 and Table 17).

B

JL

CD

250-i

200-

ca

2 ISO¬
'S
£ 100-
_J ! ,

5°- •• — -y-

o-l
control 20 10

EW

% of meOum control (ra) (148 7) (196 0)

(P) (78.0) (82 9)

(76 0)

(84 8)

Figure 36 A+B (A) ILlra / ILip ratio after 24-h EW incubation in CD. (B) ILlra/ILip showing
median and % of medium control of ILlra + ILip

5.1.2. Ulcerative colitis

Incubation ofUC tissues with EAA resulted in no significant change in the ILlra / ILip
ratio for any dilution (Figure 37). The incubations ofUC tissue with EC and EW

resulted in no significant change in the ILlra / ILip ratio either. The MC ratio of ILlra/

ILip was similar to the MC ratio in CD Figure 37, Figure 38).
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Figure 37 A+B (A) ILlra / ILip ratio after 24-h EAA incubation in UC. (B) ILlra/ILip showing
median and % of medium control of ILlra +IL1P
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Figure 38 A+B (A) ILlra / ILip ratio after 24-h EC incubation in UC. (B) ILlra/ILip showing
median and % of medium control of ILlra + ILip
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Figure 39 A+B (A) ILlra / ILip ratio in EW after 24-h incubation in UC. (B) ILlra/ILip
showing median and % of medium control of IL1 ra + IL1P
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5.1.3. Control patients

In patient control tissues incubated with EAA ILlra / IL1 (3 ratio was higher than in the
CD and UC specimens. A modest increase at 1:10 was noted vs. control, but this did not

reach statistical significance. For the other dilutions of 1:5 and 1:20 there was no change

in the ILlra / IL 1(3 ratio (Figure 40)

! p=0.06 B

T

Control patients

1
300 n

250

CO. 200
rj
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% of medium control (ra)

(P)

20 10 5
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(99.5) (201.1) (150.8)
(154.5) (100.8) (90.6)

Figure 40 A+B (A) ILlra /ILip ratio after 24-h EAA incubation Control patients. (B) ILlra/ILip
showing median and % of medium control of ILlra + ILip

The incubation with EC resulted in a decrease in ILlra / IL1 p for all three dilutions.
This decrease was different from the experiments in CD affected tissue, where a

consistent increase in the ratio was seen (). The incubation of patient control tissues
with EW showed no significant change in the ratio of ILlra/ILip for any dilutions

compared with MC (Figure 41 and Table 17).

153



— 100-
e

x

Control patients

1

nJ nJ n2

B

Control patients

^ 100

20 10

EC

Figure 41 A+B (A) ILlra / ILip ratio after 24-h EC incubation in Control patients. (B) ILlra /
ILip showing median and % of medium control of ILlra + ILip
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Figure 42 A+B (A) ILlra / ILip ratio after 24-h EW incubation in Control patients. (B)
ILlra/ILip showing median and % of medium control of ILlra + ILip
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Table 17 ILlra / IL1 |3 after 24h incubation with EAA, EC and EVV
ILIra/ILip CD UC Control patients

20 10 5 20 10 5 20 10 5

EAA

MC

59.7

±24.0

89.6**

± 17.0

93.0

±38.0

53.0

t 12.0

65.8

±17.0

51.2

±23.0

60.6

1:20.0

143.0 !

±31.0

88.2

£ 22.0

45.7 (± 9.1)** 45.1 (±15.0) 64.4 (± 18.0)!
EC

MC

101.8#

±22.0

142.8**

±24.6

109.7#

±25.0

22.3

±12.0

31.0

±21.0

50.6

±6.6

35.4

±20.0

46.2

£17.0

43.7

±3.3

45.7 (± 9.1)**# 45.1 (±15.0) 64.4 (± 18.0)
EW

MC

100.4

±36.0

91.6

±37.0

95.2

±38.0

40.2

±20.0

46.6

±16.0

40.32

±6.9

51.2

118.0

84.2

±11.0

45.3

±1.0

45.7 (±9.1) 45.1 (±15.0) 64.4 (± 18.0)

**p < 0.05 ; #p=0.05;! p=0.06 vs. MC (mean ±SEM)
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5.2. IL10 / IL1p ratio after incubation with EAA, EC and EW

5.2.1. Crohn's disease

In CD tissue incubated with EAA there was no significant increase in IL10 / IL1 p ratio

at any dilution vs. MC.
In CD tissue incubated with EC there appeared to be an increase in IL10 / ILip ratio at

1:20 and 1:5 dilutions. However, sample size was small and this did not reach statistical

significance. For the 1:10 dilution no data were available.

EW incubation in CD tissue did not significantly change the IL10 / IL1 (3 ratio although
a slight non-significant increases was noted at 1:10 (Table 18).

5.2.2. Ulcerative colitis

In UC tissue incubated with EAA, EC and EW formulae, no significant change in the

ratio of IL10 / ILip was noted, but again the sample size was small (Table 18).

5.2.3. Control patients

In control patient tissue incubated with EAA, EC and EW there was no change in the
IL10/ ILip ratio in all three enteral diet compositions (Table 18).
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Table 18 IL10 / ILip ratio after 24 h incubation with EAA, EC and EW
ILliO/ILip CD UC Control patients

20 10 5 20 10 5 20 10 5

EAA

MC

28.3

±11.0

43.1

±23.0

18.9

±6.5

297.0

±199

96.0

+47.0

723.0

±579

58.2

fc24.0

212.0

tl35.0

136.0

±75.0

21.4 (±9.2) 5.12 (±2.8) 84.1 (±31.0)
EC

MC

75.4

±12.0 ±J

48.12

±6.7 ±J ±1

1.76

±2.08 +/

2.37

±J

34.2

±26.9

21.4 (±9.2) 5.12 (±2.8) 84.1 (±31.0)
EW

MC

34.0

±18.0

165.0

±140

21.1

±7.0

8.62

±2.37

8.82

±1.7

2.93

±3.52

13.55

E9.41

13.12

±J

80.15

±12.7

21.4 (±9.2) 5.12 (±2.8) 84.1 (±31.0)

5.3. Discussion

In this study, changes in the ILlra/ILip cytokine balance after incubation with
elemental diet (EAA) and with comparable enteral formulae containing casein (EC) and

whey (EW) could be demonstrated. These changes affected tissues differently,

depending on whether the tissue was obtained from patients with CD, UC or control

patients. It was shown that EAA does not interfere with the cytokine assays (Chapter 4).

Recovery experiments showed that variable proportion of different cytokines were

present after 24 hours of incubation. In practice however, cytokines were constantly

being secreted and added to the supernatant over 24 hours, and therefore the net

recovery is likely to be higher than the 24 hour recovery experiments. It can be
considered that these results reflect the amount produced in tissues during incubation
with EAA. There is no reason to believe that biopsies incubated with EAA would
behave differently than those incubated with medium, as these results are consistent in

patients. One biopsy from each individual patient was always used for medium control.
No effect ofmedications could be detected on subgroup analysis, although the numbers
are small and the possibility of a Type II error is quite large. This study was not

designed to detect the effect of concurrent medications.
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Several studies have shown that in both CD and UC, mucosal molar ratio of ILlra/ILip
ratio is lower in inflamed tissue compared with control tissue (Hyams et ah, 1995;

Casini-Raggi et ah, 1995; Dionne et al., 1998). In this study a consistent increase in

ILlra/ILlp ratio was seen in tissues affected by CD after incubation with enteral diet.
This increase was concentration dependent with EAA, but less marked with EC and
EW. EC at 1:10 dilution appeared to increase the ratio most markedly. In contrast, in

UC and in control patient tissue, no statistically significant alteration in the ILlra/ILip
ratio was observed. This finding is consistent with the clinical observation that

elemental diet is ineffective in UC. In both CD and UC the ratios of ILlra/ILip in
medium control alone without incubation in enteral diets were comparable, but lower
than control patient tissue. This is consistent with previous findings.

The ratio of ILlO/ILip showed no statistically significant rise in CD tissue after

incubation with the formula diets, with EC again appearing to show a trend towards an

increase. Little change in the ILlO/ILip ratio was seen in UC or control patients. IL10

expression in UC and CD tissues might be variable (Akagi et al., 2000) but resolution of
inflammation in IBD is expected to increase IL10 (Ishizuka K. et al., 2001) and

therefore the ILlO/ILip ratio; in the current study no such significant increase was

observed, which might indicate that an increase in ILlra is the preferential effect of
enteral diets especially in CD. Also, since most of the IL10 is derived from lamina

propria mononuclear cells (Gasche et al., 2000), the colonoscopic mucosal biopsies

might have been weighted towards epithelial secretion of ILlra, rather than lamina

propria secretion of IL10. A further explanation could be the rather high loss of IL10 of

approximately 60%/24hour in the cytokine recovery experiment in EAA at both

concentrations of lOOOpg/ml and lOOpg/ml which might influence the IL10/ ILlp ratio.

Impaired production of IL10 in UC mucosa (Ishizuka K. et al., 2001) has been reported.

As IL10 downregulates IL1 (3 (Schreiber et al., 1995) the low concentration of IL10 in

UC might not downregulate ILip enough to increase the ILlra / ILp ratio after
incubation with enteral diets. Finally, as numbers are small, the possibility of a Type II
error cannot be excluded.
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These findings show that enteral diet has a direct anti-inflammatory effect on cytokine

production on intestinal biopsy tissue from patients with CD. This direct anti¬

inflammatory effect is manifested by an increase in ILlra/ILip ratio, but the effect on

ILlO/ILip is minimal. This would support in vivo studies, such as those of Fell et al

(Fell J.M.E. et al., 2000) who investigated the effect of a polymeric diet, with casein as

a protein source, on mucosal healing and expression of cytokine mRNA ILip, IFNy and

IL8 before and after 8 weeks of treatment. Their results also showed a decrease of IL1P
mRNA after treatment in ileum and colonic biopsies compared with controls. Ferguson

et al also reported a decrease ILip in whole gut lavage fluid after treatment with
elemental diet (Ferguson et al., 1998). The immunomodulatory effect of formula diets
on CD was not restricted to EAA alone. EC and EW to a lesser extent also showed

immunomodulatory properties. Casein is one of the major milk proteins and consists of
four major protein fractions (asl-casein, as2 casein, P casein and k casein). Caseins are

proteins known to have immune modulatory effects on cellular immune function.

Casein, especially P casein and k casein, has a range of stimulatory and immuno¬

suppressive effects on mononuclear cell function. The carbohydrate-rich

glycomacropeptide component of k casein particularly acts as an active component

(Wong et al., 1996; Cross and Gill, 1999). Kohyama et al (Kohyama et al., 1998) have

reported the effect of a bovine ajs casein in induction of CD8+ T-cells for IL10
production; they showed that a single specific amino acid substitution could induce a

separate production of IL10 or IFN-y from a CD8+T-cell clone. Subtle variations in
amino acid content or peptide sequence may influence the balance ofThl/Th2

responses. The immunomodulatory effect of casein was seen in the increased production
of ILlra in CD at all dilutions of EC, resulting in an increased ILlra/ILlp ratio. Whey

originates from the production of cheese; it remains as a fluid phase after coagulation
and extraction of the cheese product. The major whey proteins are p lactoglobulin and a

lactalbumin. Some isolated proteins from whey have also been shown to have potential
effects on cellular immune function (Cross and Gill, 1999). In our organ culture system

we saw no significant differences in anti-/pro-inflammatory cytokine production with

EW, though there was a trend towards an increased ratio of ILlra/ILip in CD. It must
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be stressed that the presented in vitro study is based by necessity on a very reductionist
model. As such it does not parallel the in vivo situation of oral ingestion ofEAA where
EAA is almost completely absorbed in the proximal small intestine with very little

reaching the colon. Also, the whole proteins used in the whey and casein-based
formulae are partly digested in vivo so that a mixture of unabsorbed protein, peptides
and amino acids are presented to the intestinal epithelium. These results must therefore
be interpreted with caution. Differential degradation of the cytokines could affect the
ratios and this might be particularly relevant for ILlO/ILlp ratio, which did not change

significantly in this study. Finally, in this study colonic biopsies were studied, but small
intestinal epithelium may behave differently. It is difficult however to consistently
obtain inflamed intestinal biopsies from patients due to the limited accessibility of the
small bowel.

The influence of enteral diet on the distal colonic mucosa is not known because most of

the components will not reach the distal colon by oral feeding. These results have
shown that in this in vitro model, when enteral diet has direct contact with the lamina

propria it has a direct-acting immune-modulating influence on cells producing

cytokines. The direct contact ofEAA components might enhance a modulating effect on

ILlp mRNA expression, which is expressed in the lamina propria (Woywodt et al.,

1999). This might open further considerations for EAA as an effective treatment after

surgery e.g. ileal resection in IBD, to inject EAA into a stoma or, more

unconventionally, infuse EAA as a high enema into the colon. The focus of this study
was to detect any direct influence of enteral diets on the intestinal mucosa in the release
of pro-and anti-inflammatory cytokines. The results demonstrated variation in ratios of

pro-and anti-inflammatory cytokines released by IBD tissues incubated with EAA

compared with non-inflamed non-IBD as controls. In conclusion, to our knowledge, this
is the first in vitro study to show any direct anti-inflammatory response to EAA in
intestinal biopsies of patients with IBD. The results confirm a positive direct anti¬

inflammatory effect ofEAA on intestinal tissue affected by CD. This anti-inflammatory
effect is preserved if casein and to a lesser extent, whey are substituted for amino acids
in EAA. However the specific mechanism whereby EAA results in improvement in
IBD is still unknown.
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CHAPTER SIX

6. Effect of growth factors: TGF-(31 expression after incubation
with enteral diet-colostrum (ECO), enteral diet-whey extract
enriched with TGF-p (EWT) and amino-acid based enteral diet
(EAA)

Introduction

There has been a recent interest in the family of peptide-derived growth factors and their
effects and mechanism of action in wound healing and re-epithelialisation (Brauchle et

al., 1996; Dammeier et ah, 1998). To this family belongs the epidermal growth factor

(EGF), fibroblast growth factor (FGF), insulin-like growth factor (IGF) and TGF-

(3. Transforming growth factor beta occurs in all mammalian tissue in three isoforms of

TGF-P 1, TGF-P2 and TGF-P3. TGF-p 1 occurs in a predominant form in the gut. Each

of these ligands interacts with specific, transmembrane serine/threonine kinase protein

receptors. Produced by macrophages and lymphocytes, TGF-P 1 inhibits proliferation of
B-and T-cells and has been found to promote intestinal restitution after mucosal injury
and stimulate growth and differentiation of mesenchymal cells such as fibroblasts and
dendritic cells (Lionetti et al., 1999). It has been shown in IBD that there is an increased

expression ofTGF-P in the mucosa of active disease (Babyatsky et al., 1996). TGF-

P has been found to preserve, defend and maintain epithelial barrier function (Planchon

et al., 1999; Planchon et al., 1994). An over-expression of TGF-P including their

signalling receptors was found in CD (di Mola et al., 1999) along with a loss of
intestinal signalling for TGF-P, which might contribute to the progression of IBD (Hahn

et al., 2001). A disruption in TGF-P signal cascade (Monteleone et al., 2001) was

recently documented. In immuno-histochemical studies and in-situ hybridisation the
number of immune positive cells (T cells, neutrophils, monocytes and macrophages) in

the lamina propria for TGF-P 1 increased both in CD and UC (Xian et al., 1999). The

mRNA expression in this study showed that in IBD there was no evidence of a lack of

epithelial growth factors, TGF-a and TGF-P peptides in the epithelium but suggested

that a higher density of TGF-P positive cells could suppress the inflammatory response
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in IBD. Avery et al (Avery et al., 1993) showed a different TGF-P staining pattern in

normal compared to cancer tissue, with TGF-P expression in the crypts of normal but
not cancer tissue.

Colostrum is known as the first milk produced after birth, rich in immunoglobulins,
hormones and growth factors such as insulin-like growth factor, transforming growth
factor a and p, cytokines and minerals. In calves it has been reported that after
maximised colostrum feeding there is decreased apoptosis of the mucosal epithelial

cells, a decreased villus growth after formula feeding compared to colostrum feeding
and lower epithelial cell proliferation rate in the duodenum in formula feed compared to

colostrum feed (Blaettler et al., 2001), suggesting that these bioactive molecules in
colostrum might have more influence on intestinal growth than the supply of nutrients
alone. A study of the ingestion of a TGF-P enriched diet showed a decrease of

inflammatory markers and induction of remission and mucosal healing, as well as
reduced mRNA levels of pro inflammatory cytokines and increased endogenous TGF-P

(Donnet-Hughes, 2000). Whey protein is a by-product of cheese production, and

proteins purified from whey have been shown to be potent modulators of immune
function. The relevant proteins are lactoperoxidase, lactoferrin and milk growth factors

(Cross and Gill, 1999). It was also shown that whey proteins could change immune

competence when provided as dietary supplement (Woodward, 1998).

The following results document the uptake and expression of TGF-p 1 by

immunostaining in intestinal tissue in vitro after 24 hours incubation. The tissue was

incubated with (a) an enteral diet rich in colostrum bioactivity (ECO), containing TGF-

P2 with a TGF-P 1 content of 10-20% of TGF-P2 (b) an enteral diet -whey enriched with

TGF-P2 (EWT) and (c) commercial amino acid based (EAA) enteral diet. The tissues
were obtained from patients with CD, UC and control patients and compared with
medium and control patients.

Subjects and Methods

TGF-p 1 staining expression in tissue after incubation with enteral diet enriched with
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colostrum (ECO), whey extract enriched with TGF-P2 (EWT) and EAA as a

comparative diet (from 6 patient with CD, 2 patient in UC and 4 control patients
described in the previous chapter). Therefore data were analysed in 21 patients after 24-
h incubation. The method ofTGF-pi immuno staining is described in chapter 4 section
I.

Subjects
CD: (11); (5) M, (7) F, mean age (39 ± 4) years.

UC (4); (3) M, (1) F, mean age (50 ± 5) years.

Control patients: (6); (1) M, (5) F, mean age (50 ± 5) years.

Biopsies were obtained taken from the following anatomic areas:

CD: (5) colon, (2) ileocolonic, (1) ileum, (2) sigmoid, (1) recto-sigmoid area.

UC: (2) colon, (1) sigmoid, (1) rectum area

Control patients: (4) colon, (2) sigmoid area

Biopsies were generally taken from areas with inflamed appearance but not ulcerated.

Diagnosis was confirmed by histopathology. .

Time periods from initial diagnosis to biopsies were as follows:
1-3 years: 3 UC, 2 CD
4-6 years: 1 CD
> 6 years: 8 CD 1 UC

Medications at time of biopsy were as follows:
CD: steroids (4), 5-ASA (4)
UC: steroids and 5-ASA (2), 5-ASA (2)

Biopsy tissues were incubated with the different enteral diet formulae and 86 biopsies
were analysed as follows:
CD: ECO (7), EWT (10), EAA (20), MC (8)

UC: ECO (5), EWT (6), EAA (7), MC (2)
Control patients: ECO (5), EWT (5), EAA (8), MC (3).
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The method of quantitating the expression of TGF-pi is outlined in chapter 4. section I.

6.1. Expression of TGF-pi immunostaining after incubation with
different enteral formulae.

6.1.1. Crohn's disease

In CD after incubation with ECO a significant increase in percentage TGF-pi staining

expression was seen at all three dilutions (43.87 ± .19, p<0.001; 27.35 ± 7.13, p<0.001;

29.4 ± 14.0, p<0.001 vs. 3.57 ± 0.6) for 1:20, 1:10, 1:5 vs. MC, respectively. This
increase was also pronounced and significant vs. control by combining the three
dilutions in colostrum (ECO-all) (32.94 ± 6.24 vs. 3.57 ± 0.6; p<0.001), but was not

significant for EAA 1:10 vs. ECO-all (17.27 ± 5.23 vs. 32.94 ± 6.24, p=0.08) (Figure

43).
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Figure 43 %TGF-P staining in CD after 24- h incubincubation with ECO

In CD after incubation with EWT a similar response was seen (32.87 ± 5.78, p<=0.001;

28.1 ±11.4, p=0.01; 33.1 ± 11.8, p<0.001 vs. 3.57 ±0.6) for 1:20, 1:10, 1:5 vs. MC,

respectively. A combination of all 3 dilutions ofEWT was significant (31.05 ± 5.42 vs.

3.57 ± 0.6, pO.001) vs. MC (Figure 44).
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Figure 44 % TGF-pi staining in CD after 24-h incubation with EWT

CD after incubation with EAA a significant increase in TGF-pi staining expression was

seen only at a dilution of 1:10 (17.72 ± 5.23 vs. 3.57 ± 0.6, p=0.03). Combining all
three dilution's EAA-all (1:5, 1:10, 1:20) was not significantly different vs. MC (Figure
45 and Table 19).
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Figure 45 % TGF-pi staining in CD after 24-h incubation with EAA
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6.1.2. Ulcerative colitis

In UC neither ECO nor EWT resulted in an increase in TGF-pi expression compared
with MC (Figure 46 and Figure 47). When combining all dilutions EAA-all was

significant (8.43 ± 1.22 vs. 2.53 ± 1.65; p<0.05) and EAA10 (diluted 1:10) was

significant vs. MC (p<0.05) in UC (Figure 48 and Table 19).
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Figure 46 % TGF-pi staining in UC after 24-h incubation with ECO
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Figure 47 % TGF-pi staining in UC after 24-h incubation with EWT
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Figure 48 % TGF-pi staining in UC after 24-h incubation with EAA

6.1.3. Control patients

In tissues from these patients, none of the enteral diet preparations resulted in

significant increase of% TGF-pi staining expression. Only for colostrum incubation

(ECO) in dilution 1:20, was there a trend towards an increase, but this was not

significant. (Figure 49, Figure 50, Figure 51 and Table 19).
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Table 19 Percentage ofTGF-pi staining expression after 24-h incubation with EAA, ECO and
EWT

Diagnosis &
Dilutions

EAA ECO EWT

20 10 5 20 10 5 20 10 5

CD

MC

(1:20, 1:10.1:5)
EAA 1:10 all

6.09

±1.69

17.72*

±5.23

4.11

±0.4

43.87*

±3.19

27.35*

±7.13

29.4*

±14.0

2.87*

1:5.79

28.1*

±11.4

33.1*

±11.8

3.57 (±0.59)
11.5 (±2.98)

17.72 (±5.23)*

3.57 (±0.59)
32.94 (± 6.24)*

3.57 (±0.59)
31.05 (±5.42)*

UC

MC

(1:20, 1:10. 1:5)
EAA 1:10 all

5.78

±2.55

10.66*

±1.43

7.75

+1.87

19.3

±15.6

18.4

+5.8

25.7

±0

11.06

±8.45

7.29

±3.99

23.6

±22.2

2.53 (±1.65)
8.43 (±1.22)A

10.66 (±1.43)

2.53 (±1.65)
20.24 (±7.15)

2.53 (±1.65)
13.99 (±6.96)

Control patients

MC

(1:20, 1:10, 1:5)
EAA 1:10 all

6.76

±1

4.69

±3.21

4.68

±2.79

16.71

±0

3.72

±1.55

8.82

±J

4.41

±1

7.47

±1.22

4.75

±0.68

5.94 (±2.55)
5.03 (± 1.64)

4.69 (±3.21)

5.94 (±2.55)
7.53 (±1.67)

5.94 (±2.55)
5.77 (±0.83)

*p<0.05 vs. MC; Ap=0.05 vs. MC
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B

Figure 52 TGF-J31 staining in CD

TGF-[31 expression (brown staining) in CD. TGF-pi expression was found on surface epithelium
and crypt epithelium, with differences in staining intensity after incubation with (A) elemental diet
EAA; (B) ECO and (C) EWT. Magnification x 250.
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Figure 53 TGF-pi staining in UC

TGF-pl expression (brown staining) in UC. TGF-pl expression was found on surface epithelium
and crypt epithelium with differences in staining intensity after incubation with (A) medium
control (Magnification x400); (B) elemental diet EAA and (C) EWT. Magnification x 250.
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6.2. Discussion: TGF-pi expression after incubation

This chapter describes the expression of TGF-P 1 in biopsy tissues after incubation with

(a) enteral diet - colostrum (ECO), (b) enteral diet - whey enriched with TGF-P2

(EWT) and (c) enteral diet (EAA) in organ culture in patients with CD, UC and control

patients. Overall TGF-P 1 immunostaining was expressed in surface epithelia and crypt

epithelium, and occasionally also in lamina propria in CD and UC. Staining area was

different in CD, UC and control patients after incubation with modified enteral diets of

ECO, EWT and EAA. TGF-pi expression in intestinal tissue sections was reported by

Xian et al, where TGF-pl immunoreactivity was located in the surface epithelium and

along the crypt epithelium in rectum or sigmoid colon mucosa of normal colon, CD and
UC tissues. An increased number ofTGF-pi positive cells in the lamina propria in
active disease ofCD and UC have also been reported (Xian et ah, 1999). Enhanced

expression of TGF-pi in IBD was reported in actively inflamed tissues of CD and UC.

TGF-P mRNA was present in low or undetectable levels in normal mucosa, and in
uninvolved mucosa of IBD patients, when assessed by Northern blot (Babyatsky et ah,

1996).

In CD, incubation with ECO and EWT resulted in a significant increase in TGF-P 1

staining expression vs. medium control incubation. However, incubation with these

enteral diet modifications in UC displayed no significant increase in TGF-P 1 staining

vs. control. Incubation with EAA 1:10 showed an increase in TGF-P 1 staining

expression in CD and a modest increase in UC vs. MC. This was not seen in the control

patient group for EAA incubation. The control patient group tissue did not significantly
alter TGF-pl expression when exposed to any of the ED modifications. Though these
results were established in only a small group of patients with IBD, the results

demonstrate that TGF-P 1 tissue expression can be manipulated by different enteral
feeds rich in TGF-p. It also showed that this response can be disease specific and

different in CD and UC. It also has shown that addition of TGF-P (in this case mainly
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TGF-P2) may lead to an upregulation of TGF-P, which was an upregulation of TGF-pi

staining expression, as the major TGF-P isoform occuring in the intestinal mucosa. To
further validate these findings it would have been very useful to perform in these groups

in situ hybridisation to investigate differences in TGF-P mRNA expression in response

to the dietary modifications after 24-h incubation. Unfortunately this was not performed
due to lack of time and expertise in the laboratory, but could be an approach in a futere

study. Nevertheless, using this relatively simple study design it was possible to

demonstrate significant differences in tissue TGF-P 1 response to different enteral diet

modifications in CD. An increase in TGF-p expression may correspond to

downregulation of inflammation in CD and provides the rationale for growth factor
enrichment of enteral formulae. Such an approach has been tried in vivo by Fell et al,
who fed a polymeric diet rich in casein and TGF-p2 to children with CD. After 8 weeks

of treatment 79% were in clinical remission. Decreases in ILip mRNA in colon and

ileum, IFN-y in ileum, and IL8 in colon were demonstrated after treatment. An increase

of TGF-P 1 mRNA was found in ileum in endoscopic biopsies, but this was not found in

the colon where no significant change in IFN-y and TGF-p 1 occured (Fell J.M.E. et al.,

2000). Recently other approaches, such as epidermal growth factor (EGF) enema have
been tried in ulcerative proctitis with some success (Sinha et al., 2001). Growth factors
administrated as colostrum (or enriched whey) may therefore have therapeutic value and

peptides generated after partial digestion of these proteins may also be bioactive

(Kuwata H et al., 2001).

Further clinical trials with such enriched diets are therefore warranted especially in CD,

compared with conventional elemental diet. Currently, no such clinical trial has been

reported.
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CHAPTER SEVEN

7. TGF-pi immunostaining expression after incubation with
enteral diet - casein (EC) and enteral diet- whey (EW)

Introduction

Casein and whey are two of the major milk proteins. Casein consists of four fractions

asl-(alpha-Sl)-casein, as2-(alpha-S2)-casein, p-(beta) and K-(kappa) casein. The

carbohydrate rich glycomacropeptide of K-casein is thought to have suppressive and

immune stimulatory effects on mononuclear cell function and P-casein was found to

have immune modulator activities such as promoting antibody synthesis and

phagocytosis (Wong et al., 1996; Cross and Gill, 1999). The major whey proteins

purified from whey are lactoperoxidase, lactoferrin and some milk growth factors, all of
which have also been shown to have potent modulator effects on immune function

(Cross and Gill, 1999). Whey, containing high levels of cysteine, may be superior to
casein in supporting antibody response and whey proteins are more potent in supporting

antibody-based resistance of adult mice to pneumococcal infections (Woodward, 1998).
The immune modulator effects ofmilk proteins are still not clearly identified, but it
seems that their functions become clearer and more evident in highly purified states

obtained from the original parent product (Cross and Gill, 1999). In this study we used
casein and whey proteins in modified enteral formulae, which were not highly purified.

Subjects and Methods

Detection ofTGF-pi expression was performed as described in chapter 4 section I, in

CD, UC and control patients after incubation with enteral diet formulae. Colonoscopic

biopsies were incubated with enteral diets modified in protein content with casein (EC)

and whey (EW) protein. The method ofTGF-pi immunostaining is described in chapter

4 section I, and results were expressed as % area of TGF-pi immunostaining (mean ±

SEM) of total tissue area.
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Subjects

CD: (5); (3) M, (2) F; mean age (35 ± 5) years

UC: (1) F, age (48) years.

Control patients: (2) F, mean age (50 ± 10) years.

Time periods from diagnosis to biopsies were as follows:
4-6 years: 2 CD, 1 UC
> 6 years: 3 CD

A total of 26 biopsies (for medium control these are identical to biopsies taken for TGF-

pl staining for ECO and EWT, biopsy numbers are not included) were stained for TGF-

(31. The diagnosis was confirmed by histopathology. The biopsy sites were as follows:
CD: (4) colon, (1) ileum
UC: (1) colon
Control patients: (2) colon

Medications at time of biopsy:
CD: steroids and 5-ASA (1), steroids and AZA (1), 5-ASA (1), 5AZA (1)
UC: 5-ASA (1)

Biopsies were incubated with enteral diet formulae as follows:
CD: EC (6), EW (8)
UC: EC (1), EW (3)
Control patients: EC (4), EW (4)
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7.1. Percentage of TGF-pl staining expression

7.1.1. Crohn's disease

After incubation ofCD affected tissues with EC a significant increase in % staining

representing upregulation of expression ofTGF-pi, was only seen at 1:5 dilution

(p<0.05). For 1:10 no data was available and dilution 1:20 showed no significant

change between MC incubation and EC incubation. Combining all available dilutions
used in incubations for EC there was no significant increase in % staining expression
for TGF-pi vs. MC. As the numbers were small a type II error is possible (Figure 54).
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Figure 54 (left): % TGF-pi staining in CD after 24-h incubationwith EC
Figure 55 (right)): % TGF-pi staining in CD after 24-h incubation with EW

In contrast, in CD affected tissues after EW incubation a trend towards an increased %

ofTGF-pi staining expression for 1:20, 1:10 and 1:5 was observed, which reached

significance at 1:20 dilution (p=0.005). After combining all data for EW, a significant
% increase ofTGF-pl staining for EW vs. MC (p <0.05) was noted (Figure 55)

By comparing the TGF-pi staining expression in CD for EC vs. EW at dilution 1:20, a

significantly higher increase (p<0.05) TGF-pi expression was seen for EW compared
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with EC (Figure 54 and Figure 55).

None of the modified enteral feed incubations of CD affected tissues resulted in

significant difference in % TGF-pi staining expression when compared with EAA 1:10

(Table 20).

7.1.2. Ulcerative colitis

In UC, the number of incubations was small. EC incubation resulted in no significant

increase in TGF-(31 expression on immunohistochemistry at 1:20 dilution, but no data
were available for 1:10 and 1:5 dilutions (Figure 56).

Incubation ofUC tissue in EW resulted in a trend towards an increase at all three

dilutions, but the numbers were low; when combining all three dilution's statistically

significant increase in % TGF-pi expression vs. MC was demonstrated (p<0.01)

(Figure 57 and Table 20).

uc #p<0.01
50-

uc

« 30-

CIX
LL 20-
o

EC

10-

I T; i

control 20 10

EW

n3

EW-all

Figure 56 (left): %TGF~pi staining in UC after 24-h incubation with EC
Figure 57 (right): % TGF-pi staining in UC after 24-h incubation with EW
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7.1.3. Control patients

Incubation of control patient tissue with EC and EW resulted in no significant increase
in % staining expression at any dilution (no Figure shown, Table 20).

Table 20 % TGF-P1 staining expression in EC and EVV.
All results as mean (SEM)

Diagnosis EC EW

20 10 5 20 10 5

CD 3.78 - 9.69* 10.45! " 6.55 4.41

+0.89 ±J ±5.8 ±2.55 ±4.69 ±0.21

MC

(1:20, 1:10.1:5)
3.57 (+0.59) *
6.30 (±2.39)

3.57 (±0.59)
7.97 (±1.77 )

UC 5.56 - - 10.50 10.53 10.9

±1 iJ + ±J ±/ ±1

MC

(1:20, 1:10, 1:5)

2.53 (± 1.65) 2.53 (±1.65)
10.64 (±0.129)#

Control patients 6.78 14.41 18.92 14.04 5 88 7.99

±1 ±0.12 ±J ±J ±1 ±4.34

MC

(1:20, 1:10, 1:5)
5.94 (±2.55)
13.63 (±2.52)

5.94 (±2.55)
8.97 (±2.5)

*p< 0.05; "p=0.005; #p<0.01 vs. MC respectively.

7.2. Discussion: TGF-p1 staining after EC and EW incubation

In this part of the study tissues obtained from patients with CD, UC and control patients
were incubated with enteral diet-casein (EC) and enteral diet -whey (EW) and

immunohistochemically stained for TGF-pi expression in tissues. TGF-pi is the main

isoform occuring in the intestinal tract. As before, results were expressed as % TGF-P1

expression per unit area of the biopsies.

Incubation of CD tissues with EC resulted in a significant increase only for one dilution.
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Combining the staining results for different dilutions for EC in CD did not reach any

statistically significant increase. But the numbers of CD patients for EC were small and

type II error is possible. TGF-pl staining after incubation of CD tissue with EW was

increased in all three dilutions vs. MC, reaching a significant peak in 1:20. Combining
the % staining areas for all three dilutions in CD tissue for EW incubation showed a

significant increase vs. MC. EW produced a more impressive upregulation of TGF-P 1

expression compared with EC.

In UC there was no significant increase in % staining expression after EC incubation,
but incubation with EW increased TGF-pi expression at all three dilutions vs. MC.

Combining the three dilutions also showed significantly increased TGF-pi expression.
For the control group there was no significant increase in TGF-pi expression.

Staining for TGF-pi in ED compositions not containing additional TGF-P, such as EC

and EW, did not increase the TGF-P 1 expression as markedly as after incubation with
ECO and EWT (chapter 6). Although it appears that incubation with EW did increase

TGF-P 1 staining pattern more than incubation with EC, the numbers were small, and
definite conclusions cannot be drawn. By combining all three dilutions the increase in
% staining was greater in EW than in EC, even although the whey composition did not

contain added TGF-p.

TGF-P expression is upregulated in inflamed tissue with IBD as reported by di Mola et

al (di Mola et al., 1999). Addition ofwhey protein may have boosted tissue TGF-P 1

expression during culture period, and therefore resulted in greater detection ofTGF-P 1

staining. The numbers in UC for EW were too small to draw meaningful conclusions.
These results support the impression that although expression of the counter-

inflammatory cytokine TGF-pl may be modestly increased after defined formulae diet

incubation, added TGF-p or formulae containing growth factors can result in more

marked expression of TGF-P 1 in inflamed tissue, especially in CD. Therefore, such

enrichment of enteral diet formulae used for the treatment of CD deserves further in

vitro studies. The fact that drinking water enriched with growth factor extract derived
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from whey reduced ethane production and lipid peroxidation in the early phase of

experimental colitis, suggests that some of these growth factors may reach the distal
intestine and exert their action (Porter et ah, 1998). Therefore, both local administration
and oral administration are worthy of further exploration.
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CHAPTER EIGHT

8. Summary: TGF-p1 expression in IBD affected tissues after
incubation with enteral diets

As presented in previous chapters, in this section of the project endoscopic tissue

biopsies from patients with CD, UC and control patients were incubated with five
different enteral diet modifications. Two of these were rich in TGF-P2, as enteral diet-

colostrum (ECO) and enteral diet whey enriched with TGF-P2 (EWT). The remaining
formulae were enteral diet amino acid based (EAA), enteral diet-casein (EC) and
enteral diet-whey (EW), with no addition ofTGF-P2.

All biopsies were incubated for 24-hours in the relevant enteral diet formulae and TGF-

pi immunstained area was quantified. In CD, bovine colostrum (ECO) and TGF-

P enriched whey extract (EWT) incubations resulted in a significantly higher TGF-P1

expression pattern compared to MC incubation alone. As both ECO and EWT

composition were prepared or mixed with EAA, it seems likely that addition of TGF-

P, present in colostrum and whey does significantly increase TGF-P 1 expression in the

tissue. Xian et al (Xian et ah, 1999) had reported an up regulation of TGF-P positive
cells during active disease in IBD. The biopsies here were taken from actively diseased

areas, but all were compared with medium control slide. This may suggest, that the

increased TGF-P 1 staining pattern might be due to the addition of TGF-P in the diet,
and therefore anti-inflammatory modulation of inflammatory response might be

possible due to external addition of TGF-p. Fell et al reported a positive clinical

response after treatment of paediatric CD patients with a polymeric enteral diet rich in

TGF-P2 (Fell J.M.E. et al., 2000). This was associated with down regulation of pro¬

inflammatory cytokine mRNA measured in the ileum and colon. Furthermore, an

increase in TGF-P 1 mRNA expression in the terminal ileum was observed. In the study

presented here, there was an increase in TGF-P 1 staining expression, which was

significant in CD in both enteral diets enriched with TGF-P, compared with MC. This

increased TGF-P 1 response was not remarkable in EAA, containing no TGF-P, even
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though EAA directly altered the anti-inflammatory to pro-inflammatory cyokine ratio,
as reported in chapter 5.

In contrast in UC TGF-P 1 expression after incubation with ECO and EWT was not

significantly increased. Control patients incubations with ECO, EWT or EAA resulted

in no increase in TGF-p 1 expression. As TGF-p acts as a multifunctional cytokine,
involved in regulation of growth, differentiation and restoration of intestinal immunity
and tolerance (Wahl, 1994), it seems reasonable that addition of TGF-p in enteral diets

might contribute to the restitution and healing of the inflamed mucosa. Studies in CD

patients have confirmed improvement in inflamed intestinal mucosa after feeding diets

supplemented with TGF-P (Fell J.M.E. et al., 2000). Though TGF-P is normally

expressed in the intestinal tract, differential production of TGF-P can be found in health
in different parts of the intestine, but significant differences seem to occur only between
the rectum and ascending colon (Kushiyama et ah, 2000). The biopsies in this study
were taken randomly, but preference was given for macroscopically inflamed areas,

mainly from a sigmoid-colonic site. However, in a single set of incubation, all biopsies

including that in control medium were obtained from the same site. It is not possible to

determine how this site of biopsy influenced the staining expression. Differences
between IBD and control patients in TGF-P 1 expression demonstrate in this study that it

is likely that these differences in expression of TGF-P 1 were a result of inflamed

mucosa and the different enteral formulae used in the study. The changes were most

marked in CD but were insignificant in UC or controls with normal non-inflamed
intestine.

Since the anti-inflammatory cytokine TGF-P is expressed in inflamed mucosa but does
not restore the imbalance of inflammation, another explanation for its mechanism of
action is offered. In a recent study, Hahn et al (Hahn et al., 2001) reported loss of TGF-

P signal transduction as a cause of intestinal inflammation. Further recently Monteleone

and colleagues (Monteleone et al., 2001) showed that despite TGF-p detection in CD,
no immediate improvement occurred. In this study it was reported, that in CD a

decreased phosporylation of Smad 3 and an increase of Smad 7 exists. Smads are signal

proteins acting as substrates for TGF-P receptors I (TpRJ) and TGF-P receptors II

(TpRJI), which after binding with TGF-P initiate the downstream signal transduction
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cascade for DNA transcription factors. Smad 7 acts as an antagonist for the signal
cascade and Smad 3 together with Smad 2 and Smad 4 form the signal complex to

activate transcription. Therefore a disruption of Smad 3 or an over expression of Smad 7
leads to inflammation. Monteleone et al reported that blockage of Smad 7 with a

specific antisense oligonucleotide leads to restoration of the TGF-P signalling pathway.

Furthermore, addition of a neutralising TGF-P 1 antibody to organ cultures decreased the

Smad 7 antisense effect on cytokine expression and therefore modulated

proinflammatory cytokine expression. It is possible that the results from the data

presented may be explained by the external addition ofTGF-P positively influencing the

Smad signal cascade. However, the findings ofMontelone et al may not be directly
relevant to the results of the present study using a simple organ culture in vitro model.
Modulation of pro-inflammatory cytokines by external addition of anti-inflammatory

cytokines such as TGF-p as well as growth factors via diets may be a potential

therapeutic advance and positively influence and restore imbalances in the signal
cascade resulting in reduced inflammation.

On the other hand, the TGF-P 1 staining pattern for the enteral diet protein

modifications, not containing any added TGF-P (i.e. EC and EW) displayed a different

pattern, characterised by a lack of intensity in staining expression as compared with
ECO and EWT. Incubation in CD with EC was followed by a significant increase in %

staining expression only in one dilution vs. MC. TGF-P expression was greater after
EW than EC incubation showing an increase, which was significant at a dilution of
1:20. Overall, by comparing the ED modifications of EC and EW, EW incubation

displayed a more intense staining pattern compared with EC, suggesting a higher

downregulatory effect on inflammation. The numbers are small and definite conclusions
are difficult. However a protective effect ofwhey has been reported. Taylor et al

investigated a (Taylor et al., 2001) mitogenic bovine whey extract (MBWE) for its

protective activity against chemotherapy-induced damage in cultured mink lung cells.

The results showed an attenuated cell death after addition ofMBWE. It was concluded,

that MBWE was cytoprotective against two chemotherapy drugs when added before and

after drug exposure with a contribution from TGF-P to this protective activity, which

was in this case TGF-P2. Further in a study ofHakkak et al (Hakkak et al., 2001) the
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influence ofwhey and casein diets on azoxymethane induced colon cancer in rats was

investigated. Rats fed on the whey diet had a lower incidence of colon tumours than
those fed on casein diet. Both studies showed a superior effect ofwhey protein on

epithelial cells cultured in vitro and significantly more protective effect in vivo on

intestinal tissue in rats. In the current study, although numbers were small, the results

showed an overall increase in % TGF-P 1 staining expression after EW incubations,

representing a symbiotic tissue protection ofEW possibly mediated via TGF-P in the

tissue. The reason for the lesser influence of casein in these experiments is difficult to

explain. However, Sudlow et al (Sudlow and Wilde, 1994) found that TGF-P 1

suppressed the onset of lactation and production of beta-casein in mammary glands of

pregnant mice. Their data suggest an inhibitory effect of TGF-P on casein secretion in

vivo. Therefore it is also possible, that in the study presented, there was a reciprocal
effect of addition of casein to the diet preventing the active tissue expression of TGF-

Pl.

These results for TGF-P 1 staining in five different enteral diet modifications

demonstrate that addition of TGF-P to the diet increases TGF-P 1 expression in CD

tissues, whereas the effect is very limited in UC tissues. TGF-p 1 expression is

significantly increased in CD vs. MC incubation. In diets where no TGF-P was added

this effect of upregulation of TGF-p 1 expression was observed in CD tissue incubated

with EW, but only modestly. Clearly, the exact mechanism by which TGF-P enrichment

leads to TGF-P 1 expression in CD tissue is unclear and can merely be a matter of

speculation. Smad signalling pathways may be relevant. As colostrum preparations have
also been shown to be protective against NSAID induced gut damage (Playford et al.,

1999) such proteins may help preserve intestinal integrity and function (Playford et al.,

1993). Kuwata et al has shown for lactoferrin, that some of these milk-derived proteins
are actually resistant and survive proteolytic degradation in the small intestine of adult
rats (Kuwata H et al., 2001). It seems that these specific protein compositions rich in

growth factors, immunoglobulins, as well as other milk derived proteins may have

important protective and anti-inflammatory effects, (Playford et al., 2000), and these are

being increasingly recognised. These findings offer an opportunity to design functional
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foods with beneficial effects on specific forms of gut inflammation. However, clinical
trials are required with these formulations, especially in CD, to determine the beneficial
effects compared with elemental diet alone, which has been used for many years
without much modification.
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CHAPTER NINE

9. Cytokine response after incubation with enteral diet -
colostrum (ECO) and enteral diet diet-whey enriched with TGF-
(3 (EWT) in CD, UC and control patients tissues and correlation
with TGF-(31 immunostaining

Introduction

In IBD there is a well known imbalance between pro-and anti-inflammatory cytokines

(Andus et al., 1997), (Rogler and Andus, 1998). Modulation of this cytokine pattern in
favour of an increase in anti-inflammatory response by nutritional modulation has been
demonstrated in several studies (Grimble, 1992), (Fell J.M.E. et ah, 2000), (Fell J.M.E.
et ah, 1998), (Beattie et ah, 1994). This chapter describes the cytokine response after
incubation of IBD affected and control patients tissue with enteral diet-colostrum

(ECO) and enteral diet -whey enriched with TGF-P (EWT).

Subjects and Methods

The patient cohort used in this part of the study was the same as in Chapter 6 and 7
where tissues were immunostained for TGF-P 1 expression. The cytokine results were

matched with the data obtained for TGF-P 1 staining expression.

Subjects

These patients are the same as described for TGF-P 1 staining and are as follows:
CD: (11); (5) M, (7) F, mean age (39 ± 4) years.

UC: (4); (3) M, (1) F, mean age (50 ± 5) years.

Control patients: (6); (1) M, (5) F, mean age (50± 5) years.
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Biopsy tissues were incubated with the different enteral formulae as follows:
CD: ECO (7), EWT (10), EAA (20), MC (8)
UC: ECO (5),EWT (6), EAA (7),MC (2)
Control patients: ECO (5), EWT (5), EAA (6), MC (3).

9.1. IL1ra / IL1 (3 ratios after incubation with ECO and EWT

9.1.1. Crohn's disease

There was no significant increase in the anti-inflammatory / pro-inflammatory cytokine
ratio of ILlra / ILip for either ECO or EWT incubation vs. MC (Figure 58 and Figure

59).
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Figure 58 A+B (A) ILlra/ILip ratio after incubation with ECO in CD. (B) ILlra/ILip showing
median and % of medium control of ILlra + ILip
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median and % of medium control of ILlra + ILip
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9.1.2. Ulcerative colitis

For UC there was no significant increase in ILlra / IL1P ratio for either ECO or EWT
incubations (Figure 60, Figure 61 and Table 21).

B

UC

I

control 20 10 5 ECO-all

ECO

200

150
ca

1 1001
50

UC

control 20 10

ECO
% of medium control (ra) (321.0) (168 5)

(J!) (25.8) (59 3)

Figure 60 A+B (A) ILlra /ILip ratio after incubation with ECO in UC. (B) ILlra/ILip showing
median and % of medium control of ILlra + ILip
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Figure 61 A+B (A) ILlra /ILip ratio after incubation with EWT in UC. (B) ILlra/ ILlb showing
median and % of medium control of ILlra + ILip
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9.1.3. Control patients

In these patients there was no significant increase in ILlra / ILip ratio for incubation
with ECO. Incubation with EWT resulted in a significant increase in the ratio at 1:5
dilution (p<0.05) (Figure 62, Figure 63 and Table 21).
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Figure 62 A+B (A) ILlra /ILip ratio after incubation with ECO in Control patients. (B)
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Table 21 ILlra / ILip ratios after 24-h incubation
with ECO and EWT (data are as mean and SEM)
Diagnosis ECO EWT

20 10 5 20 10 5

CD 23.62 71.5 68.4 38.3 42.7 79.2

±6.74 ±27.0 ±23.5 ±18.0 ±23.5 ±17.1

MC 48.4 (±11.7) 48.4 (± 11.7)
(1:20, 1:10.1:5) 56.5 (±13.7) 52.3 (±12.2)

UC 59.2 126.0 nd 87.1 70.1 140.7

±1.16 ±63.4 ±1 ±20.3 ±57.1 ±14.9

MC 54.3 (±46.3) 54.3 (±46.3)
(1:20. 1:10, 1:5) 74.3 (+31.0) 99.2 (±20.9
Control patients 64.6 246.0 106.3 119.2 26.77 189.7*

±1.11 ±100 ±1 ±j +! ±53.5

MC 25.1 (±13.6) 25.1 (± 13.6)
(1:20, 1:10, 1:5) 145 (±52.5) 13 1.3 (±44.3)

*p<0.05 vs. MC (medium control)

9.2. Interleukin 10 concentration in supernatant after incubation
with ECO and EWT and TGF-(31 concentration as % of medium
control

The production of IL10 in the supernatant was expressed as IL10 concentration after
incubation with enteral diet as a percentage of IL10 in medium control. This is due to
the fact that the tissue was was not processed for protein weight estimation and
therefore an expression of IL10 per pg ofprotein weight was not available. As the tissue
was taken with standard size of endoscopy forceps and by the same endoscopist,

representing generally the same tissue size, this method was considered acceptable.
Unlike the EAA, EC and EW experiments reported previously, this standardisation

helped in analysis of results without tissue weighing. This tissue was required after

organ culture for assessment of viability by BrdU uptake.
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9.2.1. Crohn's disease

In CD there was a no substantial increase in % IL10 compared with medium control
after either ECO or EWT incubation (Figure 64 and Figure 65).

9.2.2. Ulcerative colitis

Similarly in UC, no substantial increase in % IL10 compared with medium control
could be detected after either ECO or EWT incubation. In general, incubation with
EWT resulted in more IL10 production than ECO (Figure 66)

9.2.3. Control patients

In control tissues incubated with ECO IL 10 production was more marked (Figure 64).
Incubation with EWT resulted in some increase in 1:10 and 1:5 dilution (Figure 65).
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TGF-P concentrations are expressed as % ofmedium control (MC)

9.2.4. Crohn's disease

In CD after ECO incubation % TGF-P 1 concentration showed the most marked increase
at 1:20 dilution (Figure 67).

After EWT incubation, the increase in % TGF-P concentration was less (Figure 68) and

after EAA incubation there was little increase in % TGF-P concentration (Figure 69 and

Table 22) showing that TGF-P 1 release was ECO>EWT>EAA.

9.2.5. Ulcerative colitis

In UC after ECO incubation there was no or negligible detectable TGF-P 1 in the

supernatant (Figure 67). After incubation with EWT, the increase was obvious, stepwise
with the dilutions, but not significant (Figure 68). After EAA incubation with UC tissue,

there was little increase in TGF-P 1 concentration (Figure 69 and Table 22) showing that

TGF-P 1 release in UC was EWT>ECO>EAA.

9.2.6. Control patients

Tissues of control patients incubated with ECO (Figure 67), or EAA showed little
increase in TGF-P 1 (Figure 69). After EWT incubation, an increase in TGF-P 1 was

demonstrated at 1:5 dilution (Figure 68 and Table 22).

193



ECO

800

700-

8) 600-
(0

5 500<D

^ 400
u.
e> 3oo-

200

100-1
0 A

CD

a uc
cn Control patients

20 10

Figure 67 % TGF-pi release after ECO incubation compared with medium control

EWT

800-

700-
<u

2 600-
0)
■S 500-
aa. 400-
I

300-

^ 200-0s

100-

InL
20 10

i

5

I CD
CZ3 UC
r~I Control patients

Figure 68 % TGF-pi release after EWT incubation compared with medium control

EAA

800

700-

8! 600
<u
0)
a> 500
k.

ccl 400-

(3 300
200

0s"

100-1
0 1^1 B nfi 61 f5! n|Tl

I CD

UC
!=□ Control patients

20 10

Figure 69 % TGF-pl release after EAA incubation compared with medium control

194



Table 22 Percentage of TGF-P 1 release of control in CD,
UC and control patients (% mean and SEM)

Diagnosis EAA ECO EWT

20 10 5 20 10 5 20 10 5

CD 87.8 91.0 93.6 412 150.3 40 104.5 nd nd

+9.51 ±28.9 ±8.6 ±239 ±14.3 ±116 +47.6 - -

UC 94.6 75.7 75.3 nd 61.1 nd 102.9 151.2 404.6

+6.9 ±14.2 ±39.6 - +75.8 - +80 ±86.6 ±84.5

Control 114.9 102.2 115.7 nd nd 162.9 51.2 30.2 317

patients ±1 +21.5 ±3.3 - - ±/ ±! ±14.0 ±341

nd =not detected

9.3. Discussion of cytokine supernatant response assayed in
the supernatant after incubation with ECO and EWT

These results summarise the cytokine response after 24-hour incubation with enteral
diet colostrum (ECO) and enteral diet -whey enriched with TGF-P (EWT).

Incubation in ECO and EWT did not increase ILlra / IL1P ratio significantly. This was

different from previous experiments where a significant increase in the ratio was seen

after EAA. The lack of increase in ILlra / ILip ratio after incubation with ECO and
EWT was unexpected, as a downregulation of pro-inflammatory cytokines after in-vivo
intake ofpolymeric diets containing TGF-p has been reported (Fell J.M.E. et al., 2000).

A favourable response in TGF-P 1 expression after ECO and EWT incubation was

reported in the previous chapter 6. As the present experiment was based on an in vitro

model a possible influence on the ILlra / ILip ratio in this experiment might be due to

the addition ofTGF-p. Wahl et al (Wahl et al., 1993) showed that TGF-P exerts its

immunomodulatory effect on the TH1 mediated cytokine response of ILip in a

sequential stepwise effect. It was shown that supernatant of TGF-P treated monocytes
showed higher IL1 activity in supernatant within 24 hours, suggesting a differential

regulation of IL1 p and ILlra by TGF-p. Messenger RNA coding for IL1 p was
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expressed earlier within 4 hours and showed higher expression after stimulation with

TGF-p, while synthesis and secretion of ILlra antagonist occurred later. This could

explain the low or insignificant increase in ILlra / ILip ratio after 24- hours incubation

with ECO and EWT containing TGF-P in the current experiment. However, UC is
known as being TH2 mediated and the ILlra / ILip ratio was slightly higher in UC

compared with CD (though not significant) but the increase in ratio was again seen by

combining all three dilution for ILlra / ILip ratio in UC.

Measurement of IL10 as a percentage ofmedium control in CD revealed a modest
release of IL10 in supernatant after incubation with ECO and EWT, which could be
either due to a low production of IL10 or due to an inhibitory effect on IL10 release

triggered by TGF-p.

In UC there was a significant increase in IL10 production after incubation with EWT
and to a lesser extent with ECO. Ishizuka et al (Ishizuka K. et al., 2001) has shown an

increase in IL10 and TGF-P in culture supernatant of colonic biopsies from patients

with UC in the resolving stage. Using EWT there was an increased release of % TGF-P
in UC, but this was not found after incubation with ECO. IL10 release in UC was

significantly different between diets containing TGF-P, showing a decreased or non-

detectable release of IL10 in ECO. Ishizuka et al reported further a decreased ILlra /

ILip ratio in the active stage, and addition of IL10 to the culture fluid produced an

inhibition of ILip. Contrary to this, after EAA incubation there was an increased release

of IL10 but an insignificant increase of ILlra /IL1 p ratio in UC.

Measurement of TGF-P 1 after incubation with ECO and EAA has methodological

problems. This is due to the presence of foetal calf serum in the medium. It would have

been useful using foetal calf serum as a blank in the assay. Unfortunate this has not been

performed. Therefore there is no information how the foetal calfmay have interfered
with the assay. Therefore interpretation of these data should be with considerable
caution. But as % TGF-pi release after incubation with EAA without added TGF-P was

not different between the three disease groups, it is likely that variation of TGF-P 1
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release after incubations with ECO in both CD and in UC is a reflection of the influence

of these enteral diet compositions.
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9.4. Correlation between TGF-|31 expression and cytokine
concentration after incubation with ECO and EWT

In the previous three chapters TGF-pl staining expression and cytokine response in
tissues affected with CD, UC and control patients tissues after incubation with modified
enteral diets of ECO and EWT have been discussed and data presented.

The correlations between cyokine ratio ILlra/ ILip vs. TGF-pi staining expression and

between percentage IL10 of medium control vs. TGF-pi staining expression are shown
in the next section. The objective was to determine if in vitro TGF-pl staining

expression is correlated with ILlra / ILip ratio and % IL10 ofmedium control in
culture supernatant of CD, UC and control patients affected tissues in vitro.

The subjects were the same as described in chapter 6 for enteral diet colostrum (ECO)
and TGF-P enriched whey extract (EWT) incubation immunostaining for TGF-pi. For
details refer to chapter 6.

9.4.1. Correlation between TGF-p1 expression by immunostaining

and ILlra / IL1p ratio

9.4.1.1. Crohn's disease

TGF-P 1 expression and ILlra / ILip ratio in CD after incubation with ECO were not

correlated (r=0.12, p=0.66). The incubation with EWT resulted in no significant
correlation ofTGF-P 1 expression and ILlra / IL1 p ratio, (r = 0.24, p=0.33) (Figure 70

and Figure 71).
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(left) % TGF-pl staining vs. ILlra /ILip ratio after incubation with ECO in CD
(right) % TGF-pi staining expression vs. ILlra /ILip ratio after incubation with

9.4.1.2. Ulcerative colitis

Incubation with ECO and EWT in UC did not show any correlation between TGF-P 1

staining expression and ILlra / IL1 (3 ratio (r=- 0.37, p=0.42 and r=0.42; p=0.30

respectively (Figure 72 and Figure 73).
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Figure 72 (left) % TGF-pi staining vs. ILlra /ILip ratio after incubation with ECO in UC
Figure 73 (right) % TGF-pi staining vs. ILlra / ILip ratio after incubation with EWT in UC
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9.4.1.3. Control patients

TGF-P 1 staining expression and ILlra / ILip ratio in control patients showed no

significant correlation (r=-0.19, p=0.65; r=-0.20, p=0.67, respectively) (Figure 74 and

Figure 75).
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Figure 74 (left) % TGF-pi staining expression vs. ILlra /ILip ratio after incubation with ECO
in Control patients
Figure 75 (right) % TGF-pi staining expression vs. ILlra / ILip ratio after incubation with
EWT in Control patients

9.4.2. Correlation between TGF-p1 expression by immunostaining
and percentage IL10 of medium control

There was no correlation between TGF-P 1 staining expression and percentage IL10 of
control in CD, UC and control patients.
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9.4.3. Discussion

These results showed no correlation between percentage of TGF-P 1 staining expression

and ILlra / ILip ratio and between percentage of TGF-pi expression and percentage of
IL10 ofmedium control after incubation with enteral diet colostrum (ECO) and enteral

diet with TGF-P enriched whey extract (EWT) in CD, UC and control patients.
The data presented show that after incubation with ECO and EWT in CD no significant

correlation between TGF-pi staining expression and ILlra / ILip ratio could be found.

Again in UC, no correlation was noted after incubation with ECO and EWT.

These results suggest that the effect of enteral diets in directly altering the anti¬

inflammatory to pro-inflammatory cytokine ratio is independent of the effect on TGF-

pi expression. While elemental diet (EAA) has a direct anti-inflammatory effect by

increasing the ILlra / ILip ratio, the formulae enriched with growth factor peptides,

such as ECO or EWT are more effective enhancing TGF-P 1 expression though these

diets had no significant or major effect on altering the ILlra / IL1P ratio. Different

dietary formulae may therefore have divergent effects on the intestinal mucosal
inflammation. The group ofWahl et al reported a in TGF-P treated monocyte

supernatant for ILip bioactivity revealed that supernatant generated at early time points

(< 18h) contained higher levels of detectable ILip activity than supernatant harvested

later (> 24h) (Wahl et al., 1993). This could also be a possible explaination for a) the

non-significant increase in ILlra / ILip ratio in ECO and EWT incubation vs. MC, and

b) that in these data no correlation between ILlra /ILip ratio and % TGFpi expression

after 24-hours incubation occurred. It may be possible that ILlra /IL1P ratio might have

significantly increased after a longer incubation period with these diets.

Immunomodulatory effect in vivo after consumption of enteral diets containing TGF-P

is primarily mediated via upregulation of TGF-P with far less marked effect on the

ILlra / ILip ratio. However, many different factors and state of activation of the tissues
determine the response and the assay conditions may not replicate the in vivo condition.
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RESULTS

Section II

Manipulation of the Fatty Acids in Enteral Diets
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CHAPTER TEN

10. Effects after incubation of inflamed and non-inflamed
tissues with enteral diet- fish oil (EFI)

Introduction

The major source of co-3 long chain polyunsaturated fatty acids in diet is from fish oil in
the form ofEPA and DHA. Fish oil in the form of encapsulated fish oil preparations has
been used beneficially in several inflammatory conditions, including IBD. This is true

especially in UC where it seems to have a better impact and modulation of

inflammatory response than in CD (Ross, 1993; Lorenz-Meyer et al., 1996; Kim, 1996).
The evidence however is conflicting (for details refer to chapter 3).

The following data present the results of organ culture incubation with enteral diet
modified with fish oil (EFI) in IBD and control patients.

Subjects and Methods
Fifteen patients were included in this study. The data for the ELISA assay were

analysed both for ILlra and IL1(3 anti-inflammatory / pro-inflammatory cytokine ratio

and for percentage of ILip and ILlra production in EFI incubation compared with

medium control. The data are displayed as mean and standard error of the mean (±

SEM). Enough data were not available for IL10 assays to perform any meaningful

analysis.

Subjects

CD: (4), (1) F, (3) M, mean age (41 ± 14) years.

UC: (7), (6) F, (1) M, mean age (56 ± 6) years.

Control patients: (4), (3) F, (1) M, mean age (36 ± 9) years.
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One biopsy was taken from each patient for medium control (MC) incubation. 45

biopsies (MC not included) were analysed, taken from the following anatomic areas:

CD: (2) sigmoid, (1) rectum, (1) ileocolonic anastomosis
UC: (5) sigmoid, (2) rectum
Control patients: (4) sigmoid

Biopsies were generally taken from inflamed looking areas, which were not ulcerated
and diagnosis was confirmed by histopathology.

Biopsies were incubated with EFI:
CD: EFI (12), MC (4)
UC: EFI (21), MC (6)
Control patients: EFI (12), MC (4)

Time from diagnosis to biopsies taken were as follows:
1-3 years: 1 CD, 2 UC
4-6 years: 1 CD, 1 UC
>6 years: 2 CD, 4 UC

Medication at time of biopsy:
CD: AZA (2), steroids and AZA (1)
UC: steroids (1), AZA (2), 5-ASA (2)
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10.1. IL1ra / IL1p ratio after EFI incubation

10.1.1. Ulcerative colitis

A significant increase was seen in the ILlra / ILip ratio in all three dilutions (1:20, 1:10
and 1:5; p<0.05; p=0.05 and p<0.02, respectively) (Figure 76 and Table 23).
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Figure 76 A+B (A) ILlra / ILip ratio in UC after 24-h incubation with EFI. (B) ILlra/ILip
showing median and % of medium control of ILlra + IL1 P

10.1.2. Crohn's disease

There was a slight increase in the ILlra / ILip ratio for 1:20, 1:10 and 1:5, but none of
these reached statistical significance (Figure 77 and Table 23).
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10.1.3. Control patients

The ILlra / IL 1(3 ratio did not increase after incubation with any of the dilutions. The
ratio in MC was high (as expected in non-inflamed tissues) and this did not increase any

further with EFI incubation (Figure 78 and Table 23).
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Table 23 FLlra / ILlp ratio in EFI
EFI

20 10 5

CD 39.1 26.5 47.1

MC

(±16.1) (±7.8) (±16.8)

13.0 (+2.2.)

UC 69.1* 76.1** 84.5***

((±32.2) (±36.4 (±37.3)
MC 10.2 (±3.7)

jntrol patient r 69.3 54.1 79.4

MC (±47.0) ±30.6 (±34.0)

76.1 (±37.3)
*p<0.05, **p=0.05, ***p<0.02 vs. MC.

10.2. Changes in individual cytokine production after
incubation with enteral diet-fish oil (EFI) as a percentage of
incubation with medium control.

10.2.1. IL1 (3

Percentage production ofIL1P compared with MC in UC was lower at all three
dilutions compared with CD and this reached significance for 1:20 dilution (p=0.02).

The average production of ILip was significantly more suppressed in UC than in CD

(p<0.05).
In UC the decrease in production ofIL1P was also significant compared with control

patients 1:20 (p=0.02). In control patients there was little suppression of ILip except at

the highest concentration of 1:5 (Figure 79 and Table 24).
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Figure 79 % ILip in UC, CD and Control patients after 24-h incubation with EFI

10.2.2. ILira

Production of ILira was increased at all three dilutions in CD compared with control

patients, (in whom ILira decreased) reaching significance for 1:10 (p=0.03). The

average increase in ILira in CD was significant vs. control patients (p=0.03).
In UC production of ILira was increased compared with control patients and the

average production of ILira significantly increased (p<0.0001). Compared with CD,
ILira production in UC was higher at 1:10 and 1:5 dilution, the average production of
ILira was not significantly increased compared with MC. In control patients, ILira

production decreased compared with MC, unlike CD and UC (Figure 80 and Table 24).

208



UC, CD and Control patients
250-i

O 200
La

c

8 150

O
« 100
T—

-J

v=> 50-

n7 nl

20
n7

T

n4 n7

I

14

10

EFI

T

average

UC

CD

Control patients

**p=0.03
+p<0.00l

Figure 80 % ILlra in UC, CD and Control patients after 24-h incubation

Table 24 Percentage of ILI P and percentage of ILlra
production of MC in CD, UC and Control patients

Diagnosis % ILip % ILlra

20 10 5 20 10 5

CD 57.3* 62.1 35.9 146.3 104.9** 70.1

average

(±15.0) (±19.1) (±24.1) (±45.6) (±13.2) (±35.9)

51.8 (±8.1)1 107.1 (±22.0)**+

UC 16.22* 32.6 22.9 134.9 142.3 130.5

(±5.2) (±9.8) (±8.7) (±66.1) (±33.2) (±50.3)
average 24.0 (±4.8)1 135.9 (±3.4)
Control 102.6* 117.3 52.4 44.1 29.4** 35.9

patients (±50.0) (±87.3) (26.4) (±16.2) (±13.2) (±10.1)
average 90.8 (±19.6) 36.5 (±4.3)+**

%ILip: *p=0.02 UC vs. CD & UC vs. Control patients (1:20)
!p<0.05 UC vs. CD (average)

% ILlra: **p=0.03 CD vs. Control patients (1:10) & CD vs. Control patients (average)
+p<0.001 UC vs. Control patients & CD vs. Control patients (average)
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10.3. Discussion

Fish oil preparations in the form of gelatin coated fish oil capsules have been used to

treat UC in several studies. Hawthorne et al (Hawthorne et al., 1992), Asian et al (Asian
and Triadafilopoulos, 1992), Stenson et al (Stenson et al., 1992) and Loeschke and his

group (Loeschke et al., 1996) investigated (placebo controlled trials) the influence of
co-3 fatty acids, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)

derived from fish oil on prostaglandin and leukotriene synthesis in patients with UC.
These studies illustrate that treatment with fish oil leads to a corticosteroid sparing

effect, to a reduction in leukotriene B4 (LTB4) measured in colonic mucosa and rectal

dialysate and to a suppressed synthesis of LTB4 in peripheral blood neutrophils

(Hawthorne et al., 1992; Asian and Triadafilopoulos, 1992), (Stenson et al., 1992). In
contrast to these studies in the current organ culture model, the direct influence of fish
oil containing enteral diet on pro-and anti-inflammatory cytokine production in vitro

was investigated. A significant increase in ILlra / IL1J3 ratio was found in UC

compared with MC caused by an increased production of ILlra and decreased

production of ILip. This increase was not found in control patients and was less marked
in CD patients. Average % ILlra release in UC was higher than in CD and significantly

higher compared with control patients. The percentage ofILip production ofMC at all

three dilutions showed a more marked decrease in UC compared with CD and control

patients. This showed that enteral diets containing co-3 fatty acids have a direct anti¬

inflammatory immunomodulatory impact in vitro, especially in UC in this model. It

would appear that fish oil not only increases ILlra, but also inhibits production of ILip.
Such modulation of cytokine response by fish oil in UC patients might be due to

modification of the fatty acid profile with increased co-3 fatty acids. This supplies the

substrate, which promotes production ofprostaglandins and thromboxanes of series 3
and leukotrienes of series 5, with decreased pro-inflammatory properties. In a study by
Mahida et al (Mahida et al., 1991) a similar organ culture model as the current study
was used. Colonic biopsies of patients with UC were incubated with 5-aminosalicylic
acid (5-ASA). Significantly higher ILip was detected in inflamed colonic biopsies

compared to normal controls. After incubation with 5-ASA there was a significant dose
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dependent decrease ofILip production as a percentage of control. They also showed a

significant correlation ofILip and TXB2 synthesis in culture medium of inflamed tissue

compared with control. A significant decrease of LTB4 was found in inflamed tissue
treated with 5-ASA. 5-ASA can inhibit the synthesis of PGE2, LTB4 and their products
of the 5-lipooxygenase pathway. It is likely that co-3 fatty acids either affect the

ILip synthesis by altering the eicosanoid synthesis, or as a direct influence of fatty
acids on gene expression. The two major PUFA in fish oil are EPA and DHA, which are

also major PUFAs incorporated into cell membrane. Eicosapentaenoic acid is the
substrate for eicosanoid production via cyclooxygenase pathway for PG3 and

lipooxygenase pathway for LTB5i both having less inflammatory properties. However,
DHA is not a precursor for eicosanoid synthesis (Calder, 1998). Watanabe et al

(Watanabe S. et al., 2000) showed that using LPS stimulated mice lymphocytes, where

mice had been fed with beef tallow, DHA and EPA produced different IL1P mRNA

expression. Decreased production of ILip mRNA after EPA and DHA, was significant
in DHA vs. tallow and slightly lower in EPA compared with DHA. Production of PGE2
was significantly decreased in EPA and DHA, though DHA is not a precursor for

eicosanoids (Calder, 1998). As ILip mRNA response differed between EPA and DHA,

although the PGE2 production was similar, it is possible that the balance of EPA/DHA
in cellular lipids might be important in affecting intracellular signalling through
modifications of specific gene transcription (Watanabe S. et al., 2000). Fatty acids in the
cell are bound on fatty acid binding proteins (FABP), which exist in the cytosol and

nucleus, in the form of fatty acid acyl-CoA (FA-CoA). As the nuclear receptors

peroxisome proliferator-activated receptors (PPARs), occurring in three identified

subtypes of a, P and y, are regulated by fatty acids, it is likely that certain fatty acids or
their metabolites may act as hormones in controlling specific transcription factors. For

example PPARa is required for fish oil mediated induction ofmRNAAox (mRNA -

Acyl-CoA oxidase). In addition, nuclear transcription factor NFkB is required in genes

involved in pro-inflammatory responses, such as COX2 and cytokines. The effect of co-

3 fatty acids might be attributed to the PPARa activation and the regulation ofNFkB-
mediated transcription (Jump and Clarke, 1999). As incubation with fish oil results in
marked and divergent anti-and - pro-inflammatory cytokine response it is possible, that
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co-3 PUFA result in different cytokine production in various cell types (Watanabe S. et

al., 2000). It may also reflect a different response in disease subtypes as ILlra /ILip

ratio was not increased in CD significantly after EFI incubation. Furthermore as EPA

and DHA act differently in eicosanoid and IL1 (3 production, both of these co-3 fatty

acids may contribute to the anti-inflammatory effect of fish oil, possibly due to

eicosanoid production by EPA and perhaps also through fatty acid modulated gene

transcription through DHA. However, both of these pathways as a possible, maybe

complementary anti-inflammatory response, need to be further researched.

Therefore, in summary, though EAA as well as modified protein enteral diets such as

EC, preferentially downregulate inflammation in CD compared with UC, the situation
was reversed in modified fatty acid enteral diet such as EFI. EFI preferentially

downregulated inflammation in UC, and this was significantly more marked than in CD.

This highlights the complexitiy of nutrient-inflamed gut interactions.
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CHAPTER ELEVEN

11. Effects after incubation of inflamed and non-inflamed
tissues with enteral diet sunflower oil (ESU) and enteral diet
safflower oil (ESA)

Introduction

Sunflower oil and safflower oil are derived from plants generally known as being high

in polyunsaturated fatty acid linoleic acid (18: 2-co-6). The following experiments were

set up to investigate the incubation with enteral diet modified in its fatty acid

composition by sunflower oil (ESU) and safflower oil (ESA). The modified diets were

specially prepared by SHS, UK. The rest of the composition of diet (E028) was

unchanged. This modified ESU is different from the usual commercial fatty acid profile
of sunflower oil, i.e. rich in linoleic acid. This preparation of ESU contained
monounsaturated fatty acid oleic acid (CI8: 1), whereas safflower oil (ESA) contained
as its major content both C18: 1 and C18: 2-co-6 linoleic acid. The standard protocol as

described in the previous chapters was followed.

Subjects and Methods

Biopsies from 34 patients were used to study enteral diets modified in fatty acid

composition in respect of ESU and ESA. Some of the biopsies incubated with ESU
were from the same patient as those incubated with EFI in previous chapter, as ESU
was incubated in the experimental design along with EFI. For details refer to chapter 4
section I Figure 18. From each patient a biopsy was taken for MC incubation.

Subjects

CD: (8); (4) M, (4) F; mean age (43 ± 8) years.

UC: (17); (7) M, (10) F; mean age (52 ± 5) years.

Control patients: (9); (4) M, (5) F; mean age (50 ± 8) years.
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From these patients biopsies were obtained, taken from the anatomical sites as follows:

CD: (3) sigmoid, (2) rectum, (1) colon (ascending/transverse), (1) ileocolonic
anastomosis (1) ileum.
UC: (9) sigmoid, (4) rectum, (3) recto-sigmoid, (1) colon (ascending/transverse)
Control patients: (7) rectum, (1) colon (transverse), (1) colon (recto-sigmoid).

Biopsies were usually taken from areas appearing inflamed at endoscopy and diagnosis
was confirmed by histopathology

Biopsies were incubated with the different enteral formulae and from 105 biopsies

supernatants were analysed for:
CD: ESA (12), ESU (12)
UC: ESA (18), ESU (33)

Control patients: ESA (15), ESU (15) (from one patient biopsies were included in both

diets)

Time from diagnosis to biopsies taken were:
<1 year: 3 CD, 3 UC

1-3 years: 1 CD

4-6 years: 1 CD, 2 UC

<6 years: 12 UC, 3 CD

Medications at time of biopsies were:

CD: AZA (3); 5-ASA (1), steroids and 5-ASA (1)
UC: steroid (1), AZA (2), steroids and AZA (1); steroids and 5-ASA (1), 5-ASA (6)
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11.1. IL1ra / ILip ratios after incubation with ESU and ESA

11.1.1. Crohn's disease

In CD after incubation with ESU a significant increase in ILlra / ILip ratios at all three
dilutions ofl:20, l:10and 1:5 were observed (p=0.03, p=0.01 and p=0.01, respectively

(Figure 81). After incubation ofCD tissue with ESA no significant increase in the ratio

of ILlra / ILip compared with MC was observed (Figure 82 and Table 25).
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11.1.2. Ulcerative colitis

In UC after incubation with ESU the ILlra / ILip increased, but was only significant at
1:5 dilution (p=0.02) (Figure 83). In contrast, after UC tissue was incubated with ESA,

there was no increase in the ratio ILlra / IL1 (3, in fact the ratio of ESA incubations was

not different from MC (Figure 84 and Table 25).
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11.1.3. Control patients

After incubation in ESU, the ILlra / ILip ratio increased at 1:5 dilution (p=0.05)

(Figure 85). After incubation with ESA, there was no significant increase in the ILlra /

ILip ratio at any dilution (Figure 86 and Table 25).
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Table 25 ILIra/ILip ratio for ESU and ESA incubation
in CD, UC and Control patients

Diagnosis ESU ESA

20 10 5 20 10 5

CD 54.5** 52.0* 87.8* 31.9 25.8 22.6

(±14.4) (±10.7) (±26.2) (±4.8) (±4.1) (±6.7)
MC 20.5 (±3.6) 20.5 (±3.6)
UC 91.1 59.4 108.7+ 36.2 33.9 41.9

(±37.5) (±15.8) (±27.8) (±6.1) (±8.2) (±10.6)
MC 40.5 (±11.7) 40.5 (±11.7)

Control 119.2 95.7 102.0A 87.4 39.3 65.3

patients (±40.6) (±49.1) (±36.6) (±57.5) (±11.6) (±13.8)
MC

29.5 (±8.5) 29.5 (±8.5)

*p=0.03; *p=0.01; +p=0.02; Ap=0.05 vs. IMC, respectively.

11.2. IL10/IL1p ratios after ESU and ESA incubation

11.2.1. CrohrVs disease

In CD after ESU incubation, there was a small increase in IL10 / IL1 p ratio at all three

dilutions, which was significantly higher at 1:20 vs. MC (p=0.05).
After ESA incubation of CD affected tissue there was no significant increase in the IL10

/ ILip ratio compared with MC (Table 26).

11.2.2. Ulcerative colitis

Incubation in ESU resulted in a significant increase in the ILlO/ILip ratio vs. MC

(p<0.05) at 1:5. In ESA there was no change the IL10 / IL1(3 (Table 26)

218



11.2.3. Control patients

In this group IL10 / IL1|3 ratios were not significantly affected by incubation with ESU
and ESA (Table 26).

Table 26 ILlO/ILlp ratio for ESU and ESA in CD, UC
and Control patients

Diagnosis ESU ESA

20 10 5 20 10 5

CD 31 8A 35.8 214 18.9 15.6 11.6

(±9.5) (±23.6) (±203) (±11.0) (±9.0) (±5.7)
MC 9.1 (±2.2) 9.1 (±2.2)
UC 41.8 23.7 130.7* 11.6 19.5 6.8

(±14.0) (±6.6) (±95.9) (±2.8) (±7.0) (±2.8)
MC 26.8 (±15.3) 26.8 (±15.3)

Control 24.0 26.3 84.5 41.3 6.3 9.8

patients (±9.9) (±16.4) (±68.8) (±23.0) (±3.7) (±3.9)
MC

5.1 (±1.5) >1 (±15)

Ap=0.05 and *p < 0.05 vs. MC respectively
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11.3. Changes in IL1p after incubation of CD, UC and Control

patients tissue with ESU and ESA, as percentage of medium
control.

11.3.1. Crohn's disease

ILip concentration in CD tissues incubated with ESU displayed a decrease ofILip as a

percentage ofMC at all three dilutions (Figure 87). The average concentration of ILip
as a percentage ofmedium control was significantly lower in ESU compared with ESA

(p=0.004) when all dilutions were considered together (Figure 88 and Table 27).

11.3.2. Ulcerative colitis

The average concentration of ILip as a percentage ofMC was lower after ESU

incubation (Figure 87) compared with % ILip concentration in ESA for UC tissues

(Figure 88).

ILip concentration as percentage ofMC was significantly lower after ESU incubation
in CD when compared with UC (p=0.05) (Table 27).

11.3.3. Control patients

There was no significant change in percentage of ILip concentration compared with
MC after incubation with ESU (Figure 87). This was also true for ESA incubation

(Figure 88). After incubation with ESU, concentration of ILip as a percentage ofMC
was significantly lower in CD compared with control patients (p=0.03) (Table 27).
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Table 27 Percentage of IL1 (3 of control for ESU
and ESA in CP, UC and Control patients

Diagnosis ESU ESA

20 10 5 20 10 5

CD 32.0 27.0 25.3 64.0 88.5 92.5

(±6.6) (±8.6) (±14.3) (±15.8) (±46.1) (±12.5)

average
28.1 (+2.0)* !A 81.7 (±8.9)*

UC 126.9 89.0 49.9 97.8 82.5 123.0

(±59.8) (±22.7) (±13.9) (±44.8) (±32.7) (±62.3)

average 88.6 (±22.2)! 101.1 (±11.8)
Control 110.7 60.4 65.8 94.3 130.2 80.1

patients (±52.6) (±13.8) (±53.0) (±34.4) (±72.4) (±33.6)
average 79.0 (±15.9)A 101.5 (±14.9)

*p=0.004 ESU vs. ESA in CD (average)
! p= 0.05 CD vs. UC in ESU (average)
Ap= 0.03 CD vs. Control patients in ESU (average).

11.4. Changes in IL1ra concentration of CD, UC and Control

patients tissues as percentage of medium control after
incubation with ESU and ESA

Changes in concentration of anti-inflammatory cytokine ILlra were assessed after ESU
and ESA incubation ofCD, UC and control patient tissues.

11.4.1. Crohn's disease

In CD. after ESU incubation, percentage of ILlra concentration compared with MC was

increased at all three dilutions (Figure 89), compared with ESA incubations and the

average increase for ESU was significantly greater vs. average increase for ESA

(p=0.01) (Figure 90 and Table 28).
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11.4.2. Ulcerative colitis

This also showed an increase in ILlra percentage compared with MC in all three
dilutions of ESU compared with ESA. The average increase in UC after incubation in

ESU (Figure 89) was significantly higher than the average increase after ESA
incubation (p<0.05) (Figure 90 and Table 28).
After ESU incubation, the percent increase in ILlra compared with MC was similar in
UC and CD.

11.4.3. Control patients

After ESU incubation the concentration of ILlra showed a less marked increase as a

percent ofMC compared with CD and UC tissues (Figure 89).
The average concentration of ILlra in the three dilutions after ESA incubation

expressed as percentage ofMC was significantly higher than after ESU incubation

(p<0.01). This was also significantly higher than CD and UC tissues (p<0.005) (Figure
90 and Table 28).
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Table 28 Percentage of ILlra of control in
and ESA for CD, UC and Control patients

Diagnosis ESU ESA

20 10 5 20 10 5

CD

average

136.0

(+46.5)

100.6

(±25.2)

108.6

(+24.6)

72.9

(+17.5)

68.3

(±20.2)

70.0

(±15.5)

115.1 (+10.7)* 70.4 (±1.3)*+

UC

average

84.9

(+15.0)

126.2

(±39.4)

108.3

(±30.2)

72.1

(±7.27)

53.3

(±13.9)

71.5

(±13.6)

106.5 (±12.0)! 65.6 (±6.2)!+
Control

patients

average

95.5

(±24.8)

100.7

(±24.50

73.7

(±21.8)

157.6

(±45.2)

199

(±115(

228

(±103)

89.9 (±8.3)A 194.9 (+20.4)+A

*p=0.01 in ESU vs. ESA (average)
! p<0.05 in ESU vs. ESA (average)
+P <0.005 in ESA Control patients vs. CD and vs. UC (average), respectively
Ap<0.01 ESA vs ESU Control patients (average)

11.5. Discussion

Incubation of colonic biopsies with enteral diet modified in fatty acid composition with
sunflower oil (ESU) and saffiower oil (ESA) resulted in changes in the ILlra / ILlp

ratio and in ILlO/ILip ratio indicating an alteration in the balance between pro- and

anti-inflammatory cytokines. In CD, incubation with ESU resulted in a significant
increase in the anti-inflammatory / pro-inflammatory cytokine ratio of ILlra and ILl p.

In UC after ESU incubation there was a significant increase in ILlra / ILl p ratio only at

l :5 dilution. Therefore in both CD and UC, incubation with ESU resulted in a

favourable change in the anti-inflammatory direction. In CD patients there was a

significant decrease in ILl p as a result ofESU incubation, as well as an increase in

ILlra. Furthermore, incubation of CD tissue with ESU resulted in an increase in IL10 /

ILl P ratio, which was significant at 1:20. An increase in IL10 / ILlp ratio was also

significant at 1:5. Incubation with ESA did not increase IL10 / ILl P ratio to the same

extent as ESU incubation, either in CD or in UC. ESU suppressed ILip more effectively

than ESA, especially in CD patients. IL10/ ILl p ratio in CD and UC were unaffected by
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ESA.

Overall, incubation with ESU demonstrated some evidence of a positive anti¬

inflammatory response, shown by a change in cytokine balance. This was especially
true for CD patients, but also to some extent for UC. The beneficial effect on anti¬

inflammatory / pro-inflammatory cytokine production was more evident after
incubation with ESU than ESA. This was characterised by an increase in ILlra/ ILlp

ratio and a decrease of ILip and increase of ILlra. In addition in CD and UC the IL10 /

ILip ratio increased after ESU incubation. The sunflower oil modification used in this

study contained ~ 61.88 % oleic acid (18:1) and ~ 21.99 % stearic acid (18:0),

compared with safflower oil 72.42 % (18:1), 2.19 % (18:0) and 14.4 % linoleic acid

(18:2). This positive response of ESU could be possible due to the presence of stearic
acid, which is higher in ESU (21.99%) compared with ESA (2.19%).

ESA did not achieve the same significant alteration of anti-and pro-inflammatory

cytokine ratios. ESA contained linoleic acid, known as a plant derived essential fatty

acid, which is a precursor of prostaglandin synthesis of co-6 pathway for dihomo-y-

linolenic acid (20:3-co-6) precursor for less inflammatory eicosanoid production, and

arachidonic acid (20:4-co-6), known for production ofmore inflammatory eicosanoids.
These have been discussed in details in chapter 2. The positive effects of ESU can

therefore be tentatively explained by the hypothesis suggesting that the composition of
oleic acid and stearic acid together may have positive influenced the inflammatory

response. Analogous to a high intake of linoleic acid causing elevated intragastric PGE2

levels, (Sammon, 1999), it is possible that the presence of linoleic acid in ESA might
have influenced PGE2 synthesis in the present model, leading to an increase in ILip.

Furthermore ILlra/ ILip ratio did not change after ESA incubation compared with MC
in UC, which is known as Th2 lymphocyte modulated disease. Subtle differences in

fatty acid composition of enteral formulae may therefore modulate inflammation

differently, possibly via divergent pathways. However, these in vitro findings are

preliminary and require further in vitro research investigating mRNA expression of
immune response genes and expression microarray technique would be particularly
suitable.
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CHAPTER TWELVE

12. Effects after incubation of inflamed and non-inflamed tissue

with enteral diet olive oil (EOL) and enteral diet canola oil (ECA)

Introduction

Olive oil has a high content ofmonounsaturated oleic acid (CI8: 1) and is believed to

have a beneficial anti-atherogenic effect. People resident in the Mediterranean are

known to have a low incidence of coronary heart disease compared with Northern

European countries. The effect is thought to be due to the combination of oleic acid and

vegetables. Arteriosclerosis is mediated by eicosanoids due to platelet stimulation factor

(PAF) and and it is thought that high intake of oleic acid may direct eicosanoid

production into pathways of low inflammatory potential and stimulate eicosanoids, and

thereby prevent or have a protective effect against arteriosclerosis.

Canola oil, or rapeseed oil is known to have a relatively high content of essential
linoleic acid (18:2co-6), which in turn is also believed to have a positive influence on

eicosanoid synthesis.

The following experiments describe incubation of endoscopic biopsies from IBD and
control patients with enteral diet modified in its fatty acid composition for olive oil

(EOL) and canola oil (ECA). The aim was to establish whether the immunomodulatory
effects of oleic acid and canola oil might also be reflected in downregulation of
intestinal inflammation in vitro in IBD affected tissues.

Subjects and Methods

Endoscopic biopsy incubation in the above enteral diet fatty acid modifications was

performed in 15 patients using EOL and in 14 patients using ECA. In each patient one

biopsy was always used for MC incubation, which are not separately listed. As shown
in the experimental design (chapter 4 section I, Figure 18) incubation for EOL was
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performed with ESY, and therefore the data are analysed with ECA and MC results
from ECA incubation, respectively.

Subjects
CD: (10); (7) F, (3) M, mean age (49 ± 6) years.

UC: (11); (4) F, (7) M, mean age (52 ± 6) years

Control patients: (8); (3) F, (5) M, mean age (55 ± 7) years.

A total of 87 biopsies were obtained, taken from the anatomic areas:

CD: (3) sigmoid, (1) rectum, (2) ascending/transverse colon, (4) ileum
UC: (7) sigmoid, (4) recto-sigmoid,
Control patients: (4) sigmoid, (3) ascending/transverse colon, (1) recto-sigmoid

Time from diagnosis to biopsy taken were:

< 1 year: 1 UC
1-3 years: 5 CD, 4 UC
4-6 years: 1 CD, 1 UC
> 6 years: 4 CD, 5 UC

Medications at time of biopsy were:
CD: steroid (3), steroid and 5-ASA (1)
UC: 5-ASA (4), steroids and 5-ASA (1), AZA (1)

87 Biopsies were incubated with EOL and ECA as follows:
CD: EOL (18), ECA (12)
UC: EOL (15), ECA (18)
Control patients: EOL (12), ECA (12) and 67 data were analysed for cytokines.
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12.1. IL1ra / IL1p ratios after incubation with EOL and ECA

12.1.1. Crohn's disease

Tissues incubated with EOL did not show any increase in ILlra / ILip ratio

significantly (Figure 91). In tissues incubated with ECA the ILlra / ILip ratio decreased

(Table 29).
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Figure 91 A+B (A) ILlra / ILip ratio in CD after 24-h incubation with EOL. (B) ILlra/ILip
showing median and % of medium control of ILlra + ILip

12.1.2. Ulcerative colitis

Tissues incubated with EOL showed a trend towards an increased ILlra / ILip ratio but

this was not significant vs. MC (Figure 92). A type II error cannot be excluded.

Incubation with ECA did not change the ILlra / IL1P ratios and these were lower than

MC in CD (Table 29).
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12.1.3. Control patients

The ratio increased modestly for 1:20 and 1:5 dilution of EOL (Figure 93). Incubation
with ECA resulted in no significant alteration in the ILlra / ILip ratio at any of the
three dilutions (Table 29).

B

200

150

100

50-

Control patients

control 20 10

EOL

200-i

150
CO.

Tj
1 100
L_

50

Control patients

control

% of medium control (ra)

(P)

20 10

EOL
(97.4) (79.5)

(59.5) (88.3)

(786)

(28,5)

Figure 93 A+B (A) ILlra/ ILip ratio in Control patients after 24-h incubation with EOL. (B)
ILlra/ILlb showing median and % of medium control of ILlra + ILlb
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Table 29 FLlra / ILlp ratio in EOL and ECA for CD, UC and Control patients
Diagnosis EOL ECA

20 10 5 20 10 5

CD 35.6 38.6 108.0 28.2 28.2 18.8

MC

(±6.1) (±11.0) (±85.5) (±6.7) (±4.1) (±1.8)

37.1 (±7.1) 37.1 (±7.1)
UC 122.9 102.9 53.9 37.3 43.0 24.3

(±39.3) (±48.2) (±0 (±8.2) (±21.5) (±8.5)
MC 54.3 (±14.0) 54.3 (±14.0)

Control 79.7 38.8 99.8 41.8 38.7 50.3

patients (±2.9) (±17.6) (±40.8) (±15.1) (±14.8) (±14.4)
MC

1.7 (9.5) 31.7 (±9.5)

Estimation of IL10/IL1 (3 ratio in the supernatant after incubation with EOL and ECA
did not demonstrate any appreciable anti-inflammatory effect. These data are therefore
not presented in detail. In UC, after EOL incubation a significant increase in IL10 /

IL1P ratio (1:20) was observed vs. MC (118.3 ± 40.5 vs. 22.45 ± 9.39; p<0.02).

12.2. Changes in IL1p after incubation of inflamed and non-

inflamed tissues in EOL and ECA as a percentage of medium
control

After incubation with EOL, the concentration of IL1P as a percentage ofMC was

significantly lower in UC compared with CD, and the average decrease in IL1P was

greater than in CD (p<0.03). (Figure 94). The percentage decrease after ECA incubation
was more marked than the actual increase after EOL incubation at 1:5 (p=0.05). In UC,
there was no significant change (Figure 95 and Table 30).
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Table 30 Percentage of IL1(3 ofMC in CD, UC
and Control patients after 24-h incubation with EOL and ECA

Diagnosis EOL ECA

20 10 5 20 10 5

CD

average

180.8

(+45.6)

124.1

(±53.5)

195.6*

(+11.1)

88.3

(±16.9)

88.1

(±7.5)

82.3*

(±12.7)

166.8 (±21.8)A 86.2 (±2.0)A
UC

average

86.2

(+72.7

104.1

(±52.6)

83.7

(±9
98.5

(+30.5)

91.6

(±28.7)

87.0

(±28.4)

91.3 (±6.4)A 92.4 (+3.3)
Control

patients
average

59.5

(±37.9)

88.3

(±30.9)

28.5

(±12.4)

68.3

(±47.7)

134.0

(±122)

59.0

(±19.7)

58.8(17.3) 87.1 (±23.6)

*p= 0.05 for EOL vs. ECA in CD (1:5)
Ap <0.03 UC vs CD (EOL vs ECA, average)

12.3. Changes in IL1ra concentration in the supernatant after
incubation in EOL and ECA, as a percentage of medium control

Incubation with EOL increased % ILlra concentration significantly more in CD

compared with UC (p<0.05) and with control patients (p<0.05). EOL did not change %
ILlra in UC () and ECA did not significantly change % ILlra in CD or UC (Figure 96).
Incubation with ECA in control patients tissues caused a significant increase in %
ILlra, which was significantly higher than in UC (p=0.01).

Overall, ECA incubation increased % ILlra concentration in IBD patients (CD + UC)

compared with control patients (p=0.002) (Figure 97 and Table 31).

233



EOL

300-j

o 25°-
I.

| 200-
o

*S 150-
m

£ 100

5? 50

0-

p<0.05

ii4

X

113

20

It

i£
i;

ri;

ni

10

T

average

CD

UC

Control patients

Figure 96 % ILlra after incubation with EOL in CD, UC and Control patients

ECA

300-|

O 250
V-

| 200
o

o 150-
ns

£ 100-

^ 50-

0-

rLrX
n4 n<i

nJ!

20

r

113

I n I i4

nil

10 average

] CD

UC

Control patients

**p=0.01
A p=0.002 vs IBD

Figure 97 % ILlra after incubation with ECA in CD, UC and Control patients

234



Table 31 Percentage of ILlra of control in CD, UC
and Control patients after 24- h incubation with EOL and ECA

Diagnosis EOL ECA

20 10 5 20 10 5

CD

average

172.8

(±72.5)

108.4

(±27.3)

183.8

(±86.3)

79.1

(±13.2)

76.3

(±10.9)

63.1

(±18.3)

155.0 (±23.5)* 72.8 (±4.9)A
UC

average

79.7

(±35.9)

89.2

(±35.7)

56.3

(±13.3)

83.1

(±13.7)

88.3

(±26.0)

60.9

(±16.7)

75.1 (±9.8)* 77.4 (±8.4)**A
Control

patients
average

97.4

(±17.9)

79.5

(±21.4)

78.6

(±10.9)

181.8

(±55.8)

127.9

(±50.6)

163.2

(±58.7)

85.2 (±6.1)* 157.6 (±15.8)**A

*p< 0.05 CD vs. UC and Control patients in EOL
**p=0.01 Control patients vs. UC in ECA (average)
Ap = 0.002 Control patients vs. IBD patients in ECA

12.4. Discussion

In these experiments colonic biopsies from patients with CD, UC and control patients
were incubated with enteral diet using olive oil (EOL) and canola oil (ECA), with the
amino acid composition unchanged from EAA. Incubation ofCD tissues with EOL

resulted in no anti-inflammatory benefit as ILlra/ IL1 p ratio did not change

significantly. EOL incubation increased both ILip and ILlra as percentage ofMC.
Incubation with ECA in CD showed no change in ILlra / ILip ratio. In UC the ILlra /
IL1 p ratio did not increase significantly after incubation with EOL compared MC. This
is despite an increase in % ILlra indexed against MC. Incubation with ECA in UC

again did not increase ILlra/ ILip ratio.

These results demonstrate that oleic acid does not have a major effect on pro- and anti¬

inflammatory cytokine production in inflamed tissue in vitro, as might have been

expected. Yaqoob et al reported that caution should be taken using oleic acid as placebo
since it influences cytokine production in healthy humans (Yaqoob et al., 1998). This
was shown in the present study in control patients where some modulation of cytokine
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levels occurred.

These results indicate that dietary cytokine modulation is dependent on the nature and
site of inflammation and is tissue specific. The increase in ILlra / ILip ratio in UC and
control patients may be an indirect reflection of the Mediterranean diet effect. Also in
UC after EOL incubation a significant increase in IL10/IL1 (3 ratio in 1:20 vs. MC was

noted. However it is unlikely that such oleic acid enriched diet will have a major

impact in the therapy of IBD. Though IBD was previously thought to be commoner in
Northern Europe compared to Southern Europe, these differences are narrower on more

recent data (Shivananda S et al., 1996)
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CHAPTER THIRTEEN

13. Effects of incubating inflamed and non-inflamed tissues
with enteral diet fractionated coconut oil (COCF) and enteral
diet coconut oil (COC)

Introduction

Saturated short and medium chain (C6 - CI2) and saturated long chain fatty acids (CI4
- C24) are components of the so-called 'Western diets'. Saturated fatty acids have the
abilities to increase risk of coronary heart disease, arteriosclerosis and increased

inflammatory mediator production.

A commonly employed processing method to purify fatty acids and remove

'undesirable components' is the so-called fractionation of the oil, which is a three step

process of 1) 'Folding', where the oil is re-distilled to remove some but not all of the

terpenes in the oil. 2) 'Terpeneless' where the oil is re-distilled and all the terpenes are

removed and the 3) 'Rectification' where a part of the oil has been removed by either

re-distilling or heating or chilling the oil, which allows parts of the oil to separate and be
removed.

Coconut oil and its fatty acid profile are known to be high in short chain saturated fatty
acids. The following experiments describe the impact of coconut oil and fractionated
coconut oil incubation on cytokine pattern in CD and UC and control patient tissue after
24-h incubation, with modified enteral diets, using an enteral diet with modified fatty
acid composition.

Subjects and Methods

The analysis of enteral diet incubation modified for coconut oil fractionated (COCF)
and enteral diet modified for unfractionated coconut oil (COC) included only 11

patients out of 19. In some patients the assay for ILlp was suboptimal and therefore no

data could be analysed though other cytokine results were available. From each patient,
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endoscopic biopsies were incubated with COCF and COC with a matched biopsy for
MC.

Subjects

CD: (4); (2) F, (2) M; mean age (49 ± 5) years.

UC: (3); (3) F; mean age (46 ± 5) years.

Control patients: (4); (4) F; mean age (61 ± 5) years.

From these patients 58 biopsies were obtained for diet and MC incubation, taken from
the anatomic areas:

CD: (4) colon
UC: (1) rectum, (2) colon
Control patients: (4) colon

Time period from diagnosis to taking biopsies:
> 1 year: 2 CD
1-3 years: 1 UC
4-6 years: 2 CD
< 6 years: 2 UC

Medications at the time of biopsy were:
CD: steroids (2)
UC: 5-ASA (2)

Fifty-two biopsy tissues were analysed, incubated with the diet formulae for COCF and
COC

CD: COCF (10), COC (8)
UC: COCF (8), COC (8)
Control patients: COCF (10), COC (8)
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13.1. IL1ra / IL1p ratios after incubation with COCF and COC

13.1.1. Crohn's disease

Incubation with COCF or with COC resulted in no significant increase in ILlra / ILip
ratio in any of the three dilutions. With COCF, a trend towards a stepwise increase in
the ratio was observed with increasing concentration (Figure 98 and Table 32).
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Figure 98 A+B (A) ILlra/ILlb ratio in CD after 24-h incubation with COCF. (B) ILlra/ILip
showing median and % of medium control of ILlra + ILip

13.1.2. Ulcerative colitis

A similar concentration dependent increase in ILlra / ILip ratio occurred in UC tissues
incubated with COCF, but none reached statistical significance. Incubation with COC
did not result in any significant increase in ratio (Figure 99 and Table 32)
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13.1.3. Control patients

Neither COCF nor COC incubation resulted in any significant alteration in the ILlra /

ILip ratio (Figure 100 and Table 32),
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Investigation of the percentage production ofILip and ILlra ofMC and the ratio of
IL10 / ILlra after incubation with coconut oils showed no significant changes and these
results have therefore not been presented.

Table 32 ILlra / IL1(3 ratio for COCF and COC
in CD, UC and Control patients

Diagnosis COCF COC

20 10 5 20 10 5

CD 35.0 49.2 89.8 42.2 54.6 40.8

(±20.0) (±10.2) (±70.7) (±17.9) (±10.3) (±20.1)
MC 32.21 (±9.9) 32.21 (±9.9)

UC 45.9 49.1 72.8 43.5 34.8 36.2

(±1.7) (±24.0) (±27.7) (±23.3) (±4.2) (±3.9)
MC 10.1 (±2.5) 10.1 (±2.5)

Control 19.8 34.5 78.2 96.2 50.5 79.6

patients (±12.5) (±19.6) (±14.7) (20.7) (8.6) (+59.5)
MC

16.4 (±5.6) 16.4 (±5.6)

13.2. Discussion

Incubation of colonoscopic biopsies with enteral diet modified in its fatty acid

composition with fractionated coconut oil and coconut oil overall did not show any

major changes in the cytokine response in either IBD affected tissues or in control

patients. Only the incubations with COCF resulted in a trend towards a step-wise
increase in the ILlra / ILip ratio in both CD and UC. The numbers were particularly
small in this series of experiments and therefore the possibility of Type II error is large.

By fractionation it is possible to remove unwanted components of fat or to enhance or

improve wanted triacylglyerides in the fat. Recently in palm oil there was a demand to

fractionate and isolate some of the fat components from the oil and this has been the
trend in the food industry as a result of a health-conscious public.
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Though the numbers were small, the increases after COCF incubation in ILlra / ILip
ratio in CD and UC may be interesting. It is possible that as a result of fractionation,
short and medium chain fatty acids in the modification of coconut oil used, such as

caproic acid (C6), caprylic acid (C8), capric acid (CIO) and lauric acid (CI2) have
become more accessible to be used as fatty acid substrate by colonic tissue cells in vitro.

Short chain fatty acids such as butyrate (C4) can influence proliferation and
differentiation of various cell types, including colonocytes, and may trigger rapid

apoptosis. There is evidence that butyrate has the capacity to modulate survival and
death of colonocytes, (Fitch and Fleming, 1999). Short chain fatty acids serve as

essential metabolic substrate for colonocytes. The use of such short chain fatty acids is
reviewed in chapter 3. Unlike enteral diets modified with fish oil however,

immunomodulatory effect of unfractionated coconut oil is minimal. It is unlikely that
this will have application to improve gut inflammation in IBD.
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CHAPTER FOURTEEN

14. Effects after incubation of inflamed and non-inflamed
tissues with enteral diet soya oil (ESY)

Introduction

Soya oil is derived from soybean, but generally soybean is more known for its derived

products such as soy sauce and tofu. The soya bean has recently attracted attention for
its nutritional properties, containing protein, vitamins, minerals and vegetal hormones.

Subjects and Methods

Colonoscopy biopsies from IBD and control patients were incubated with enteral diet
modified in its fatty acid composition with soya oil (ESY). Biopsy incubations were

performed in the experiment design in pairs of two different fatty acid modifications in
the same patient (for details refer to chapter 4 section I, Figure 18). For soya oil this was

done in combination with olive oil. Therefore were MC data obtained in ECA

incubation was combined with the MC data in ESY for CD, UC and control patients.

Subjects

CD: (6); (4) F, (2) M; mean age (61 ±9) years.

UC: (4); (2) F, (2) M; mean age (45 ± 8) years.

Control patients: (2); (1) F, (1) M; mean age (52 ± 6.) years.

From these 12 (out of 14) patients a total of 48 biopsies were obtained, taken from the
anatomic sites:

CD: (1) sigmoid, (1) recto-sigmoid, (1) ascending/transverse colon, (3) ileum (1

anastomosis, 2 ileostomy),

UC: (3) sigmoid, (1) recto-sigmoid
Control patients: (1) sigmoid, (1) ascending/transverse colon. .

Time period from diagnosis to biopsies were:
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< 1 year: 2 CD
1-3 years: 1 CD, 2 UC
4-6 years: 1 CD, 1 UC
> 6 years: 2 CD, 1 UC

Medications at time of biopsy taken were:

CD: steroids (3)
UC: 5-ASA (1).

36 biopsies were incubated with ESY and 30 biopsies were analysed for:
CD: ESY (15)
UC: ESY (9)
Control patients: ESY (6)

14.1. IL1ra / ILip ratios after incubation with ESY

14.1.1. Crohn's disease

ILlra/ ILip ratio showed a small increase at 1:5 and 1:20, which reached significance
for 1:5 (p<0.05) (Figure 101 and Table 33).
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14.1.2. Ulcerative colitis

After ESY incubation an increase in the ILlra/ ILip ratio was noted, which was

significant in 1:10 dilution (Figure 102 and Table 33).
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Figure 102 A+B (A) ILlra / ILip ratio after 24-h incubation with ESY in UC. (B) ILlra/ILlp
showing median and % of medium control of ILlra + ILip

14.1.3. Control patients

In these patients, an increase in the ILlra/ ILip ratio for 1:10 and 1:5 vs. MC was

shown but this did not reach significance (Figure 103 and Table 33).
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Figure 103 A+B (A) ILlra / ILip ratio in Control patients after 24-h incubation with ESY. (B)
ILlra/ILip showing median and % of medium control of ILlra + ILip
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Table 33 ILlra / ILlft ratio for ESY in CD, UC and Control patients
Diagnosis ESY

20 10 5

CD 51.7 36.7 83.9*

(+10.9) (±11.1) (±27.1)
MC 37.1 (±7.1)
UC 114.0 182.3 + 123.2

(±39.9) (±44.6) (±23.1)
MC 56.1 (±16.0)

Control 111.6 149.0 44.4

patients (±35.4) (±100) (±30.5)
MC

31.7 (±9.5)
*p = 0.02 vs. MC.
+p<0.05 vs. MC
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14.2. Discussion

Incubation of tissues with enteral diet modified in its fatty acid composition by soya oil

(ESY) had only a small influence on the cytokine balance.

Incubation with ESY in CD resulted in a significant increase in ILlra / IL1 (3 ratio vs.

MC at 1:5 dilution. ILlra /IL1(3 ratio increase was very modest in CD compared with

UC.

In contrast, in UC after incubation with ESY an increase in anti-inflammatory / pro¬

inflammatory cytokine ratios was seen at all three dilutions. This increase was

significant for 1:10 (p=0.02).

In control patients ILlra / IL1(3 ratio was increased after incubation with ESY similar to

those in UC, but was not sufficient for statistical significance.

These patterns of ILlra / IL1(3 cytokine response for CD and UC were similar to those
seen after incubation with enteral diet EOL, where also no effective change was seen in
the ratio in CD. The fatty acid profile in ESY consist of~ 23.41% stearic acid (CI8: 0),
a high content ~ 50.67% oleic acid (C18: 1) and to a lesser extent ~ 7.17% linoleic acid

(C18: 2). Similar fatty acid profile is seen in EOL for (C18: 1) ~ 67.4% and (C18: 2) ~

11.23%, though (CI 8: 0) was lower in EOL ~ 1.91%. Details of fatty acid profiles are

presented in chapter 4 section I Table 6.

However the fatty acid profile in ESU (chapter 11) was (C18:0) ~ 21.99 %, (C 18:1) ~

61.18%, which is much closer to the fatty acid composition seen in ESY, except for the
content of linoleic acid (CI 8:2) ~ 7.17%. However, it does not show the same positive

anti-inflammatory effect in CD for ESU incubation, which was significant in all three
dilutions.
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These results are difficult to verify but may indicate that 1) a combination of

representative amounts ofCI 8:1 and CI 8:2 can initiate fatty acid modulated cytokine

response via cyclooxygenase and lipooxygenase pathways which can produce disease

specific response as in the case ofUC. 2) The major difference in fatty acid profile in
ESY and ESU was the presence of (CI 8:2) ~ 7.17 % in ESY. In CD, for ESY the
increase in ILlra / ILip was very modest and significant only in one dilution, but was
more consistently increased in ESU not containing C18:2. It may support again the

hypothesis of a specific fatty acid modulated and disease selective inflammatory

response in IBD. Though, these results are obtained in a simple model, these do show
differences in inflammatory cytokine response in vitro, and needs to be further clarified
by in-situ hybridisation for mRNA expression.
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CHAPTER FIFTEEN

Summary and Discussion

15. Principal observations

This thesis describes in an in vitro study the influence of different enteral diet

modifications, modified in amino acid and fatty acid composition, on cytokine response.

These have been investigated after a 24-hour incubation period of biopsy tissue in an

organ culture chamber. The endosopic biopsies were obtained from patients with IBD
and non-inflamed control patients. Inflammatory cytokine ILip and anti-inflammatory

cytokine ILlra and IL10 were measured in culture supernatant. The expression of TGF-

pi after tissue incubation with some enteral diet modifications was also studied. This
enabled the project to give some data on potential beneficial effects in immunological
terms of defined formulae diets in IBD. This may form the basis of clinical studies in
future. Individual sets of results have been discussed along with each chapter, but this
final chapter gives an overall overview.

15.1. Intestinal biopsy cytokine responses after incubation with
elemental diet and enteral diets modified in their amino acid

composition

It was found that selected enteral diets can have an anti-inflammatory effect in vitro,

which was characterised by an increase in anti-inflammatory / pro-inflammatory

cytokine ratio of ILlra and ILip and to a lesser extent in some cases by an increase in

IL10 / ILip ratio.
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Tissues affected with IBD and control patient tissues were incubated with enteral diets
modified in their nitrogen source by casein (EC), whey (EW) as well as commercial
amino acid based enteral diet (EAA). Additionally in some patients biopsies were
incubated with enteral diet modified in amino acid content by colostrum protein (ECO)

and whey extract enriched with TGF-P mixed into EAA (EWT).

Incubation of biopsies from tissues affected with CD resulted in an increase in ILlra /

ILip ratio compared with MC. These increases were significant, but not dose dependent
for EC incubation at all three enteral diet dilutions of 1:5, 1:10 and 1:20 vs. MC. The

increase vs. MC after incubation with enteral diet-whey (EW) was not significant.

Furthermore after incubation with EAA an increase in the ratio of ILlra /ILip was

observed, reaching significance at 1:10 dilution. Similar increases at some dilutions for
the ratio of IL10 / IL1P after incubation with EC, EW and EAA were observed in CD,
but none of these were significant and the sample size small.

Incubation with EC, EW and EAA in CD in these experiments have been shown to

increase the ILlra / IL1 p ratio depending on the nitrogen source. Although the

commercial amino acid based enteral diet EAA raised anti-inflammatory / pro¬

inflammatory cytokine ratio, a similar anti-inflammatory effect was also seen after
incubation with EC. Firm conclusion cannot be drawn from such in vitro studies, but the

direct anti-inflammatory effect of enteral diets is not abolished by replacing amino acid
based formulae with whole protein based formulae such as casein and whey.

Incubation with milk-product based ECO and EWT in CD did not significantly
influence ILlra / ILip ratio.

In contrast, in UC biopsies after incubation with enteral diet formulae EC, EW and

EAA, there were no increases in the ratio of ILlra / ILip compared with MC. Nor was

there any change in the IL10 / ILip ratio. No significant change in ILlra / ILip ratio

was observed after incubation with ECO and EWT, however the numbers were small.

These in vitro studies are consistent with clinical experience. In CD, elemental diet and

polymeric diets are effective in reducing inflammation, but such diets do not result in
beneficial effects in UC.
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In contrast with CD, the control patients showed a trend towards a decrease in ILlra /

ILip ratio compared with MC. Incubation with EAA and EW resulted in a non¬

significant change in the ratio of ILlra /ILip and in the ratio of IL10 / ILip. Similarly

in control tissue, there was no significant change in the ILlra / ILip ratio after ECO and
EWT incubation.

15.2. Cytokine response after incubation with enteral diet
modified in fatty acid composition

In further incubation experiments, endoscopic biopsies from patients with CD, UC and
control patients were incubated for 24-h with enteral diets, which were modified in their

fatty acid composition by fish oil (EFI), sunflower oil (ESU), safflower oil (ESA), olive
oil (EOL), canola oil (ECA), fractionated coconut oil (COCF), coconut oil (COC) and

soya oil (ESY). The compositions are given in chapter 4 section I.

In CD, incubation with EFI resulted in no significant increase in the ILlra / ILip ratio.

In contrast, after incubation with ESU there was a significant increase in ILlra / ILip

ratio at all three dilutions vs. MC. After incubation with ESA a very modest increase in

the ILlra / ILip ratio was observed, which did not differ markedly from the MC ratio

and did not reach statistical significance.

In CD after incubation with COCF there was a tendency towards an increase in the

ILlra / ILip ratio vs. MC, which was similar after incubation with COC in dilution 1:5,

but overall, incubation with COC did not change ILlra / IL1P ratio in a beneficial
direction. After incubation with EOL, there was no significant increase in the ILlra /

ILip ratio. After incubation with ECA, there was no increase in the ILlra / ILip ratio

vs. MC. After incubation with ESY, there was an increase in the ILlra / ILip ratio for
two dilutions, reaching significance in one of those.
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It would appear that tissues affected with CD respond differently in in vitro cytokine

expression after incubation with enteral diets, which differ in their fatty acid

composition. An enteral diet high in polyunsaturated fatty acids preferably those of co-3

origins, as in fish oil has no impact on anti-inflammatory cytokine production in CD in
vitro. After incubation with diets modified in their fatty acid composition a positive

response indicated by in an increase in ILlra / ILip ratio vs. MC, occurred only in ESU
and to a lesser extent after incubation with ESY and EOL. It can be speculated that the
balance of long-chain fatty acids, in this case of C18:0 and CI 8:1 as in ESU and ESY

may give the appropriate substrate 'starting package' into eicosanoid synthesis and/or
into fatty acid induced gene transcription of a reduced anti-inflammatory response.

These changes of ILlra / ILip ratio were not observed after incubation with EOL in

CD. The impact on ILlra / ILip ratio after ESA was not significant. ESA in the present

composition has a similar fatty acid profile to EOL, and it is possible that such profiles
have no impact on cytokine modulation in CD.

ECA, which showed no effect on cytokine ratio ILlra / ILip in vitro is composed of

long-chain fatty acids, where the balance is CI8:0 > CI8:1. The slight (but not

statisically significant) increase in the ratio of ILlra / ILip vs. MC for COCF but not

COC could be a response to the purification of COCF and the presence of only short-
and medium- chain fatty acids with their metabolic influences. The increase in the ILlra

/ ILip ratio for COCF is also seen in UC.

IL10 / ILip ratios in CD after incubation with ESU increased at all three dilutions

reaching significance at 1:20 dilution. For ESA the increase in IL10 / ILip ratio was not

significant.

In UC, after incubation with EFI there was a significant increase in ILlra / IL1P ratio
after incubation at all three dilutions. This effect ofEFI was different from incubation

with CD tissue. Incubation with ESU also resulted in an increase in ILlra / ILip ratio,

reaching significance at one dilution. After incubation with ESA there was no increase

in the ILlra / ILip ratio. Further after incubation with COCF a trend towards an
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increase in the ILlra / ILip ratio was noted, but this was not significant. Incubation

with COC resulted in no significant increase in ILlra /ILip ratio. After biopsy
incubation with EOL there was a trend towards an increase in the ratio. Incubation with

ECA showed a trend towards a decrease in the ratio, similar to those observed in CD,

and no evidence of any beneficial change.

After incubations with ESY at all three dilutions, there was an increase in the ratio of

ILlra / ILip which was significant at 1:10 dilution. In vitro ILlra / ILip cytokine

response after incubation of UC biopsy tissue with modified enteral diets does show an

improvement in some cases. This suggests that clinical trials with appropriate enteral
diets for UC may prove beneficial. A major difference was seen in the increase in ILlra
/ ILip ratio in UC after incubation with EFI, which was not observed in CD. This

suggests a disease specific in vitro immune modulator response to fatty acid profile of
co-3 fatty acids. After incubation with ESU an increase in ILlra / ILip cytokine ratio

was observed both in UC and CD.

Incubation ofUC tissue with ESA showed no change in ILlra / ILip ratio.

The change in ILlra / ILip in UC after COCF incubation was similar to that in CD,
with a trend towards a step like increase in the ratio. However MC ratio in UC was

lower than that in CD, and showed a more effective increase in ratio in UC than in CD.

It might be possible that as UC is always anatomically sited in the rectal and distal
colonic area, a different colonic bacterial environment has adapted to more effective
metabolism of short chain fatty acids compared with CD. This response was not seen

after incubation with COC, composed of a mixture of short chain and medium chain

fatty acids.

After incubation with EOL, there was an increase in ILlra / ILip ratio, which was more

marked in UC than in CD. The EOL composition contained some long-chain saturated
and unsaturated fatty acids of C22 docosanoic and docosaenoic origin. These can be

further metabolised becoming more unsaturated (C24) and P-oxidised (C22:6), and

therefore having immune modulator impact on cytokine synthesis similar to those with

EFI for UC. Again, this effect of an increase in ILlra / ILip ratio in UC for EOL
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incubation was not observed in CD. This suggests again that fatty acids can have

immunological and disease-selective properties on the inflammatory processes.

The non-response in UC for ECA was similar to CD, as the fatty acid composition was

not conducive to any immune regulatory response. Enteral diet ESY incubation ofUC
tissue had a greater impact on an increase in ILlra / ILip ratio than in CD.

Data on IL10 / ILip ratio in UC after incubation with ESU displayed a significant
increase at 1:5 dilution, while there was no change after ESA incubations.

In control patients, incubation with EFI resulted in no differences in the ratio of ILlra /

ILip. In ESU there was an increase at all dilutions reaching significance at 1:5. After
incubation in ESA there was a trend to increase the ratio at 1:20 and 1:5.

Incubation with COCF displayed a similar step like increase in the ILlra / IL1P ratio
towards the higher concentration of 1:5. The ratio after incubation with COC was not

changed. For EOL there was a trend towards an increase in two dilutions.
In contrast to the incubations for ECA in CD and UC there was a modest increase in the

ratio in control patients. Incubation with ESY in control patients showed no change in
ILlra / ILip ratio.

Incubation of control tissue with enteral diets modified in their fatty acid composition
has been shown to have some immune modulator effect. This was noticeable after

incubation with ESA and ECA showing an increase in the anti-inflammatory / pro¬

inflammatory ratios, which was not observed for CD and UC. Handling of the tissues

prior to organ culture might have induced some inflammatory changes in the tissues

though in general the ILlra /ILip ratio was higher in control tissue than in inflamed
tissue. Generally, immunomodulatory effects of enteral diet modifications were most

marked in vitro selectively on inflamed tissue rather than control tissue.

In vivo, any dietary effect on inflammation would be modified by the intestinal flora.
This was not replicated in the in vitro experiments by addition of lipopolysaccharides

(LPS) to the culture media, as this would adversely affect tissue viability. Addition of
LPS often augments the pro-inflammatory cytokine response in vitro.

254



15.3. TGF-p1 tissue expression by immunostaining after
incubation with enteral diet modifications

In further experiments, TGF-P 1 immunostaining expression as percentage of total tissue
area of endoscopic biopsies after 24-h incubation with enteral diet rich in colostrum

(ECO) and enteral diet mixed with TGF-P enriched whey extract (EWT) were analysed.

The TGF-P isoform of these diets was TGF-P2. TGF-P 1 expression was compared with

percentage of TGF-P 1 after incubation in MC. In a smaller group of patients TGF-P 1

immunohistochemical staining was also performed in tissues incubated with EC and
EW.

In CD, after incubation with ECO, TGF-P 1 immunohistochemical staining was

significantly increased as a percentage of TGF-P 1 tissue expression. After incubation
with EWT, there was a similar significant increase in staining expression as in ECO.

Incubation with amino acid based enteral diet EAA led to an increase in TGF-P 1

expression, reaching significance at 1:10 dilution. After EC incubations, there was a

significant increase in %TGF-pi expression at 1:5 dilution. However, incubation with

EW displayed an increase in % TGF-p 1 expression, being significant at 1:20.

Combining the data obtained for EW incubation for all dilutions there was a significant
increase vs. MC. Again, comparing TGF-P 1 staining expression for EC with EW
showed a significant increase for EW. The data obtained for incubations in CD

displayed a superior effect for EW in enhancing TGF-P 1 staining expression compared
with EC.

In UC, incubation with ECO and incubation with EWT did not result in any increase in

% TGF-P 1 staining expression. In UC, for incubation with EAA an increase in staining

expression was detected; being significant at 1:10 and being significant by combining
all three dilutions of EAA together, similar to CD. For EC incubation there were no

increase in TGF-p 1 staining. For EW a significant increase in TGF-P 1 expression was
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detected, when all three dilutions were combined.

In control patients, incubation with ECO, EWT and EAA resulted in no significant
increase in % TGF-pl staining expression. Data obtained for EC and EW were small,
and no significant increase in TGF-pl expression was detectable.

15.4. Summary

15.4.1. Incubation with enteral diets modified in protein composition
- cytokine ratios

Endoscopic biopsies incubated with amino acid based enteral diet EAA in patients with
CD, UC and non-inflamed controls resulted in a significant increase only in CD.
- Direct anti-inflammatory modulation of cytokine ratio by EAA in CD.

Incubation with EC resulted in a significant increase in ILlra / IL1 (3 ratio in CD but not

in UC and control patients. Similar response was noted for IL 10 / IL 1 p ratio.
- Direct anti-inflammatory modulation of cytokine ratio by EC in CD.

Incubation with EW increased ILlra / IL1 p ratio in CD, but no change in the ratio was

noted in UC and control patients. Similar increase for IL10 / IL1P ratio was also seen in
CD.

- Some evidence of direct anti-inflammatory modulation of cytokine ratio by EW in
CD.

Incubation with ECO did not increase ILlra /IL 1 p ratio in CD, UC or control patients.

Incubation with EWT did not increase ILlra / IL 1 p ratio in CD, UC or control patients.
- No effect of TGF-P enriched enteral diets on anti / pro-inflammatory cytokine ratio of

IL 1 ra / IL 1 p iti vitro.
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15.4.2. Incubation with enteral diets modified in protein composition

-TGF-p1 expression

Incubation with ECO and immune histochemical staining for TGF-(31 showed a

significant increase ofTGF-pl expression in CD.
- Anti-inflammatory TGF-pi increased in expression after ECO incubation in CD.

Incubation with EWT resulted in increased TGF-pl expression in CD, but not in UC
and control patients.

Incubation with EAA resulted in a significant increase in staining expression in CD and
UC in a single dilution.
- Some response in CD and UC after EAA incubation with upregulation ofTGF-pi

expression.

Incubation with EC resulted in some upregulation of TGF-pl expression in CD, but not

in UC or control patients
- Incubation with EC results in some upregulation of TGF-pi expression in CD.

Incubation with EW resulted in upregulation of TGF-pi expression in a single dilution
in CD and all dilutions combined in UC.

- Incubation with EW may result in upregulation ofTGF-pi expression.

Overall, the most marked upregulation of TGF-pi expression was seen after incubation

ofCD affected tissues with TGF-P enriched diets ECO and EWT.
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15.4.3. Incubation with enteral diets modified in fatty acid

composition- cytokine ratios

Incubation with EFI was shown to have no anti-inflammatory influence in biopsy tissue
affected by CD and biopsy tissue from control patients. However, EFI significantly
increased IL1 ra / IL1 (3 ratio in UC.
- Incubation with fish oil appears to have a direct anti-inflammatory effect in only UC
affected tissue.

In vitro incubation with enteral diet modified in its fatty acid composition have shown
that incubation with ESU resulted in an increase in anti-inflammatory / pro¬

inflammatory cytokine ratio both ILlra / IL1 (3 and IL 10/ IL 113 in CD, UC and control

patients tissue. This was most prominent in tissues affected by CD.
- Direct anti-inflammatory effect of ESU on CD and UC affected tissues as will as
controls.

Incubation with ESA did not seem to influence ILlra / IL1 p ratio in CD and UC.
- No effect of ESA incubation on CD and UC affected tissues.

Fractionated coconut oil COCF was shown in CD and UC patients to positively
influence ILlra / IL 1 p ratio, seen as an increase in the ratio. Although these increases
are relatively modest, incubation with COCF displayed this trend in all patient groups
and stepwise in increasing dilutions.
- A trend toward a direct anti-inflammatory effect in CD and UC.

In contrast incubation with COC in CD. UC and control patients showed no consistent

increase in ILlra /IL1P ratio.
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Incubation with enteral diet oleic acid EOL resulted in an increase in ILlra / IL1 p ratio

in a single dilution in CD and in three dilutions in UC.
- Some anti-inflammatory effect in UC and less in CD ofEOL incubation.

Incubation with ECA did not result in any significant change in the cytokine profile.
There was no anti-inflammatory response from incubation of tissues with ECA.

Finally incubation with ESY increased the ratio in CD and UC, reaching significance in
CD at one dilution and in UC at two dilutions.

- Incubation with ESY has some anti-inflammatory effect in UC and CD.

Table 34 A summary of ILlra / IL1 [3 response after fatty acid incubations
Diagnosis EF1 ESU ESA ECA EOL COCF coc ESY

CD -
***

- - - - -
*

UC *** *
- - - - - *

*** significance in 3 dilutions vs. MC
** significance in 2 dilutions vs. IMC
* significance in 1 dilution vs. MC
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15.5. Comparison of our findings with other published data

Enteral diets, elemental or polymeric have been widely investigated in clinical trials,

although there is still debate about the relative merits of polymeric and elemental diets.
The effect of enteral diets in respect of downregulation of inflammatory mediator

production, decrease in clinical activity and histological improvement of intestinal
mucosa have been documented (Mansfield et al., 1995) (Rigaud et al., 1991) (Beattie et

al., 1994) (Fell J.M.E. et al., 2000) and are discussed in the literature review.

Few studies have been performed which define the cytokine response in in vivo or in

vitro studies after manipulation of enteral diets with casein or whey extracts. Studies in
IBD have been conducted in comparison with steroid treatment or during remission

phase after commercial enteral diet. The following discussion describes the

immunological response to casein and whey, although reports of diet modification with
casein and or whey have been reported only in polymeric diets enriched with casein and

TGF-p.

Milk derived casein and whey proteins, such as P- and K-casein of the former and

lactoperoxidase and lactoferrin of the latter and milk growth factors are known to have
immuno-modulator functions. The positive bioactivity is increased with the degree of

purification (Cross and Gill, 1999). Beta-casein is the predominant fraction in human
milk and is present in bovine milk in only about 25-30% of the total casein. A study by
the group of Cross et al (Cross and Gill, 1999) investigated immunomodulatory effect
of purified whey extract on lymphocyte proliferation in vitro after stimulation with Con

A, PHA and LPS. The results demonstrated different degrees of suppression with the

lowest (38%) in PHA induced proliferation. Cytokines IFN-y and IL4 were measured in

culture supernatant after stimulation with Con A, resulting in suppression of IFN-y and
IL4 secretion. Suppression of activated CD25 T-cells after stimulation, and suppression
ofCD4 and CD8 T-cell phenotypes in presence of purified whey protein was observed.
A study by Porter et al (Porter et al., 1998) investigated the effect of a growth factor
extract derived from bovine whey in orally induced colitis in rats. The effect was
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measured by the ethane breath test, as lipid peroxidation ofPUFA induced by hydroxyl

(OH') and superoxide (O2"') radicals are possible mechanism of bowel damage in UC.
The data suggest that whey-derived growth factor is as effective as drug therapy in

suppressing lipid peroxidation in the phase before the chronic phase of disease process.

In vitro and in vivo immune response of bovine P-casein have shown a significant and

powerful effect on superoxide production after stimulation, a dose dependent

potentiating effect on T lymphocyte proliferation response after stimulation by Con A,

and an enhancing effect of P-casein on LPS induced B lymphocyte proliferation. It has

been shown, that bovine P-casein had stimulatory effects on proliferative responses of

T- and B- cells after mitogenic stimulation, which was not demonstrated for K-casein.

As IFN-y production from Con A stimulated lymphocytes was not significant it is

possible that P-casein is stimulating lymphocyte function by specific pathways (Wong
et al., 1996). The effective immune modulation of bovine whey proteins has been

reported as being superior to those of casein and other animal protein in supporting

antibody response. Additionally its been documented that whey protein concentrate is

superior to casein in supporting antibody based resistance to pneumococcal infection in

young adult mice. The effectiveness ofwhey proteins in maximising cell-mediated

adaptive immune competence has also become apparent (Woodward, 1998). The study
of Kuwata et al has shown that lactoferrin, a bioactive constituent ofwhey is restistent
and survives proteolytic degradation in the small intestine of adult rats (Kuwata H et al.,

2001), which proves that such active proteins are still active after partial digestion in the

gut.

The biological properties of transforming growth factor family with different TGF-P
isoforms have recently received increased attention. An interest has been shown in the

role of TGF-P in IBD and its positive mucosa repairing and inflammation

downregulatory properties. It has been recently reported that an interruption in TGF-P

signal cascade might be involved in IBD (Hahn et al., 2001) (Monteleone et al., 2001).

TGF-P are bioactive growth factors present in human and bovine milk (Saito et al.,

1993) (Playford et al., 2000) and have been shown to remain biologically active after

manufacturing processes in milk derived products depending on the milk protein source

and processing conditions (Donnet-Hughes, 2000). Effects of diet induced cytokine
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modulation after stimulation with ILip in vitro in cell lines has been recently shown

with a decrease in TNF-a, IL6 and IL8 secretion by addition of breast milk and enteral

polymeric diet Modulen®. A decrease in clinical inflammatory parameters occurred
after one week of dietary treatment (Croft et al., 2001)

To date few studies have been performed to investigate modulation of inflammatory

response by addition of TGF-p. The use of polymeric diets in CD containing TGF-P2
showed that such a diet was effective in inducing remission in paediatric patients with
small bowel CD (Beattie et ah, 1994) and CD (Fell J.M.E. et al., 1998). This was

associated with remission, mucosal healing and normalisation ofESR and CRP levels

along with an increase in serum albumin levels (Beattie et al., 1994). Further, there was

a reduction in mRNA levels for ILip, IL8 and IFN-y and an increase in endogenous

TGF-p (Fell J.M.E. et al., 1998). Studies have been carried out with diets containing

TGF-P isoforms, such as TGF-p2 (Fell J.M.E. et al., 2000), demonstrating an increase

in ileal TGF-P 1 mRNA, suggesting that presence of specific TGF-P isoforms or balance

of these might be independent of actual TGF-P 1 expression.

Expression ofTGF-P 1 positive cells was documented by several research groups

showing in paraffin sections positive staining of surface epithelial cells of normal
colonic mucosa, which became weaker in cells more deeply situated within the crypts

(Avery et al., 1993). In normal intestinal biopsies TGF-P protein expression was found
in the epithelium and prominent in villus tips of small intestinal biopsies (Lionetti et al.,

1999). Di Mola et al reported a weak immunoreactivity for TGF-P 1 in normal intestinal

tissue samples and an intense TGF-P 1 expression accompanied by an intense

immunoreactivity for TGF-P receptors TPR-Ialks and TpR-II in CD tissue. These were

localised in macrophages, lymphocytes and fibroblasts of lamina propria and in

remaining epithelial cells. The highest intensity of signals was located in cells close to

the luminal surface epithelium (di Mola et al., 1999). Further expression of TGF-p 1 in
IBD tissue was documented by Xian et al (Xian et al., 1999) and Babyatsky et al

(Babyatsky et al., 1996).

262



Several clinical trials have investigated the effect of fish oil, rich in co-3 fatty acids on

inflammatory response, prostaglandin release, and incorporation ofEPA into mucous

membrane and cytokine response. These studies were generally conducted in UC as

overall it has been shown that fish oils are more effective in UC than in CD. Studies in

CD have shown that co-3 fatty acids do not extend the remission period in CD (Lorenz-

Meyer et al., 1996), although others have found some effect of fish oil in CD (Kim,

1996). In general, trials using co-3 fatty acid preparations are more often conducted in

UC patients, suggesting a greater benefit in anti-inflammatory response or remission

period. Ingestion of fish oil capsules in patients with UC led to clinical improvement
and reduction in colonic LTB4 levels. Reduction of LTB4 concentrations in colonic

mucosa after treatment with fish oil was seen in UC but also in placebo group receiving
corn oil. A slight improvement in histological scoring was noted, which was worse in
the placebo group (Asian and Triadafilopoulos, 1992). Further in a study by Hawthorne
et al (Hawthorne et al., 1992) patients with UC were given 20ml fish oil and as placebo
olive oil, over a period of one year. The results showed that despite the taste of fish oil,

long-term compliance could be achieved, as this is often an argument against fish oil
treatment. Furthermore, it led to a sustained increase in membrane levels of EPA and

enhanced synthesis of LTB5 and a reduction of LTB4. Eong-term treatment with fish oil
led to a corticosteroid sparing effect, though it did not increase remission time. In a

multicentre randomised trial it has been found that after 4 months of dietary treatment
with fish oil capsules there was a reduction in rectal dialysate levels of LTB4 and

improvement in histological appearance (Stenson et al., 1992). Improvement of disease

activity in UC, seen in reduction of clinical and sigmoidoscopic scores, was again found
after 6 months of treatment with fish oil capsules. Serum levels of LTB4 were

significantly reduced, and undetectable in some patients after the treatment period

(Almallah et al., 2000). In rats, the effect of co-3 fatty acids by enema in trinitrobenzene

(TNB) induced colitis was investigated (Yuceyar et al., 1999). The results postulated

that a diet rich in co-3 fatty acids had an anti-inflammatory effect on TNB induced

colonic lessions. Use of co-3 fatty acid containing enemas had a suppressant effect on

LTB4 and LTC4 levels in the chronic stage, but did not heal the colonic lessions. A
similar experiment by Grisham et al (Grisham et al., 1996) investigated the effect of

orally ingested sulphasalazine (SAZ), fish oil diet or oligosaccharide rich diet, which
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can attenuate inflammatory response in chronically induced colitis in rats. The results
revealed that the diets used had similar efficacy in producing an anti-inflammatory

response as SAZ in colitis. Less strictures and adhesions were found after TNBS

induced colitis in rats fed with co-3 rich diet (FO) compared with rats fed on olive oil

(00) and phospholipid rich (PL) diet; occurrence of stenosis and ulcers were highest in

phospholipid group. PGE2 levels in colonic mucosa were lower in FO and 00 group

and LTB4 was higher in PL group (Nieto et al., 1998). A recent study by Dichi et al

(Dichi et al., 2000) compared the use of co-3 fatty acid with SAZ in UC, suggesting that

though co-3 fatty acid resulted in an improvement in UC, overall, the treatment with
SAZ was superior to treatment with fish oil alone in treatment ofmild to moderate UC.

The modulating influence of short-chain fatty acids (SCFA) on inflammation is of
interest since acetate, propionate and butyrate are produced in the caecum and colon by
fermentation of unabsorbed carbohydrates (Fitch and Fleming, 1999). Substrate
concentration prior to fermentation influences the rate of fermentation and influences

the luminal concentration of SCFA. The transport of SCFA across mucosa in the large
bowel is concentration dependent (Ruppin H.Bar-Meir et al., 1980). UC may be
considered as an energy deficient state in the colonic epithelium due to a block in

uptake or oxidation of SCFA by colonocytes, or due to a high luminal concentration of

hydrogen sulphide produced by sulphate-reducing bacteria (Roediger et al., 1993).

Impaired butyrate oxidation was found to be more marked in the descending colon than
in the ascending colon. A deficiency of SCFA in UC has not been shown to exist as

reduced, normal or increased levels of SCFA have been found in stool samples of UC

patients (Treem et al., 1996) (Roediger et al., 1982). The concept of treatment using
SCFA in UC is based on the fact that high luminal SCFA concentrations may override
the postulated metabolic defect of colonic mucosa in oxidising SCFA (Kim, 1998).
Treatment with SCFA in colitis administered as rectal instillation was performed by
Schauber and colleagues showing no significant difference in histological scoring,
mucosal inflammation and symptoms compared with placebo control after 3 weeks of
twice daily application in enemas containing SCFA (Schauber J et al., 2000). In

contrast, Scheppach et al showed a marked effect on crypt cell proliferation in colonic

biopsies of UC patients than on inflammation after irrigation with SCFA (Scheppach et
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al., 1997). Further, Breuer et al reported beneficial effect with twice daily rectal

irrigation of SCFA in UC (Breuer et al., 1991). Steinhart et al showed similar

improvement after nightly treatment with butyrate enemas in UC patients. His group

reported response in 6/10 patients, with complete response in 4/6, with a fall in mean

disease activity score in all patients from 8.0 ± 2.4 to 4.3 ± 4.1 at end of follow up

period (Steinhart et al., 1994).

Wallace et al showed that different fatty acids can stimulate or modulate cytokine

production differently (Wallace et al., 1999b) in a lymphocyte proliferation-assay in rats

after being fed with diets rich in coconut oil, olive oil, safflower oil or fish oil.

Lymphocyte proliferation and IL2 production were decreased in diets rich in
unsaturated fatty acids (olive -, safflower - and fish oil) compared with coconut-oil diet.

Further, IFN-y production was reduced by safflower or fish oil compared with coconut

or olive oil rich diets. Compared with saturated fatty acids, polyunsaturated fatty acids
decrease Thl lymphocyte responses but no marked influence was seen in Th2

lymphocyte response. Polyunsaturated fatty acids have the ability to modulate cytokine

response, seen in a decrease or inhibition of ILip, IL2 or TNF-a, (Meydani and

Dinarello, 1993). PUFA of co-3 origins have a positive immune-modulator effect on

pro-inflammatory cytokines, (Grimble and Tappia, 1998). A study by the group of
Wallace and colleagues (Wallace et al., 1999a) investigated the effect of LPS stimulated

macrophages in mice fed diets containing coconut oil, safflower oil or fish oil and a low
fat diet. Macrophages from fish oil fed group showed a significantly decreased

production of ILip and TNF-a compared with other diets. Production of IL10 was the

lowest in the coconut-oil group and diets rich in PUFA significantly increased IL10

production by resident macrophages. It has been shown that cytokine production by

macrophages is influenced by dietary fat, but is dependent on the activation-state of the

macrophages.

In this study, the enteral diet preparations modified in nitrogen content for casein (EC)

and whey (EW) proteins have produced different responses. The casein preparation was

not purified or separated in P-casein or K-casein content, as this might have influenced
the T and B cell reaction response. The study ofWong et al (Wong et al., 1996)
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reported that P-casein had effects on both T and B cells following mitogenic
stimulation. Similarly whey protein components, lactoferrin and lactoperoxidase have
been found to have greater immune modulator properties after purification (Cross and

Gill, 1999). Therefore the results presented have to be interpreted as an immune
modulator response of both casemates of P and k for the EC incubations. Similarly for
the interpretation of the data for whey composition (EW), it is likely that lactoferrin,

lactoperoxidase and bovine milk derived growth factors, may all be exerting

immunomodulatory effects, but this requires to be further investigated.

Overall it has been shown that incubation with enteral diets containing nitrogen
modifications resulted in little anti-inflammatory response in UC in vitro. This is
consistent with the fact that UC patients do not respond to treatment with elemental or

polymeric diets. UC is generally located in the colon and rectum and usually in vivo

uptake of nutrients do not occur via this site. Although The route' of administration in

this in vitro model does not represent an in vivo situation, it was shown that commercial
enteral formulae specifically modified in fatty acid composition can have a positive

immunomodulatory influence on tissues affected by UC. The data suggested that using
an in vitro model, enteral formulae specifically modulated in fatty acid composition

might have an anti-inflammatory effect on tissues affected with UC. This is also

confirmed by other studies in UC and treatment with co-3 fatty acids in vivo. The

positive effect in UC tissue in response to fatty acid modulation and the non-response to

nitrogen source modulation is difficult to explain with current knowledge. It could be

postulated that specific changes in mucin layer (Strugala et al., 2001) of UC biopsies

may interfere with colonic protein fermentation, and colonocyte demand specific SCFA

preferably butyrate (Jorgensen and Mortensen, 2000), which can be supplied purely by

fatty acids either through P-oxidation or fermentation. This could partly contribute to

the non-response to modified protein diets and the response to modified fatty acid diets
in UC. It would also underline the disease and diet specific anti-inflammatory response,

which is very relevant to dietary therapy of IBD. These differences in in vitro

modulation by enteral diets again highlight immunological differences between UC and

CD.
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TGF-P 1 in tissues incubated with ECO, EWT, EC, EW and EAA was expressed

differently in CD, UC and control patients. Positive staining for TGF-pl was found in
all tissues on surface and crypt epithelium, but responded differently after enteral diets
in different disease groups. TGF-pi expression was found in lamina propria of CD and

UC tissues incubated with ECO and EWT, which was not seen in control tissues.

Although the numbers studied were small, significant differences in TGF-pi expression

as a percentage of TGF-pi / mm2 of tissue was found. Significant increase of TGF-pl
tissue expression was found in CD after incubation with ECO and EWT. For EC and

EW incubations of CD an increase in TGF-pi was less consistently seen. In UC no

significant increase in staining was seen for ECO and EWT. In control patients, TGF-P1

expression did not increase after incubation with ECO, EWT, EC and EW. Expression
ofTGF-P 1 stained positive cells in IBD and control patients have been reported in

frozen and paraffin sections (Xian et al., 1999). In normal recto-sigmoid colon TGF-P 1

immune reactive cells were located uniformly along surface and crypt epithelium and in
a few cells scattered in the lamina propria. In active CD and UC the epithelial staining
remained unchanged but an increased in lamina propria expression in inflamed tissues
was seen.

Although the experiments presented in this thesis for TGF-P 1 immunostaining
measured % staining of tissue area, the results obtained are similar to those ofXian et al

(Xian et al., 1999). Though intense TGF-P 1 expression was noted in CD and UC, their

response to specific enteral incubations were different. As reported, immune cell marker
detection showed TGF-1 positive immune cells in active CD in lamina propria,

including T cells, neutrophils, monocytes or macrophages. B-lymphocytes were rarely

found, and similar results were found in UC (Xian et al., 1999). Babyatsky et al

reported enhanced expression of TGF-P 1 in IBD, present in actively inflamed mucosa

of CD and UC compared with controls (Babyatsky et al., 1996). Detection of TGF-P 1

mRNA by Northern blot was greater in IBD than in control tissue. Increased expression

ofTGF-pi was reported for CD and UC (Xian et al., 1999; Babyatsky et al., 1996)

which compares well with our results after incubation with ED modifications. This

study found no significant differences in UC, as found in CD for ECO, EWT, EAA and
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similar but much weaker increase after EC and EW incubations in UC. It is possible
that although TGF-P 1 is increased or detectable, TGF-a response is a more common

and possibly distinct feature in UC (Babyatsky et ah, 1996), where TGF-a and TGF-a
mRNA were found to be upregulated in long-term inactive UC (Xian et ah, 1999). Grip
et al has shown that the number of TGF-a containing cells in the colonic mucosa is
increased in both, during active inflammation and in clinical remission ofUC. TGF-a a

member of epidermal growth factor family, showed enhanced expression in UC,

suggesting again to be a selective feature associated with UC, which was not found in

patients with CD (Grip et al., 2000). In the current study, TGF-a expression was not

investigated in the incubated tissues.

Incubation with EC and EW resulted in slight differences in staining expression, and
also some differences were found between the IBD groups. Not only did CD respond

better after nitrogen/TGF-P enriched diet modification, but whey modified diets

increased TGF-pi staining expression, and EW increased ILlra/ ILip ratio in CD

(Meister et al., 2002a).

The mechanism by which these nitrogen source and TGF-P modified enteral diets

actually act in downregulating inflammatory cytokines (Fell J.M.E. et al., 2000; Fell
J.M.E. et al., 1998; Beattie et al., 1994), in increasing immune positive cells stained for

TGF-P 1 (Meister et al., 2002b) or in influencing TGF-P signal cascade (Monteleone et

al., 2001) is unknown. A number of different molecules are likely to be involved in

triggering an immunosuppressive effect and further specific research is needed.

Biopsies incubated with EFI, as a major source of co-3 fatty acids, have shown a

significant shift towards an increased anti-inflammatory to pro-inflammatory ratio only
in UC. In current literature, the immunomodulatory properties of fish oil have been

investigated and a response in prostaglandin profile seen as a decrease in LTB4 or

increased synthesis of LTB5 (Asian and Triadafilopoulos, 1992); (Hillier et al., 1991),
but changes in IL1 p mRNA expression after LPS stimulation in mouse spleen

lymphocytes have also been reported (Watanabe S. et al., 2000). The actual increase in
ILlra / IL1 p ratio may be interpreted as a response to eicosanoid modulated cytokine
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production through G-proteins and/or fatty acid modulated gene transcription via

transcription factors. The most significant component of fish oil having the greatest

impact on immune modulator properties is unknown. However, several studies have
found that DHA might be superior to EPA in immunomodulatory activity (Lochsen et

al., 1999) (Watanabe S. et al., 2000), indicating that the effects of fish oil might be due

to a fatty acid induced gene transcription. Eicosanoids are derivatives of dihomo-y-

linolenic acid (DLGA, 20:3 co-6), arachidonic acid (AA C20:4 co-6) and

eicosapentaenoic acid (EPA C20:5 co-3) (Calder, 1998) and not docosahexaenoic acid

(DHA C22:6 co-3). The non-response ofEFI incubations in CD is reflected also in the

current literature where treatment with encapsulated fish oil fatty acids are mainly used.

However, a positive anti-inflammatory response after biopsy incubations with ESU was

found in all three groups, especially in CD. The hypothesis is that a 'starting package' in

respect of specific CI 8:0 < CI 8:1 fatty acid composition of the enteral diet, similar to
that found in ESY, might have influenced response, presenting a steady supply for delta
9 desaturase enzyme converting stearic acid into oleic acid. Increased incorporation of
oleic acid into mucosa after 12-weeks dietary supply with olive oil in patients with IBD
has been demonstrated (Hillier et al., 1991) accompanied by a decrease in C18:0. No

significant change in prostaglandin and thromboxane synthesis in olive oil group was

observed after treatment period. An improvement in endoscopic appearance was noted
in six out of eight patients taking olive oil. However, this study took place over a period
of 12 weeks and improvement was not immediate. Incorporation of oleic acid into
colonic mucosa after fish oil intake was not increased. These data suggest that each
tissue and cell type may have an individual pattern of fatty acid incorporation, which

might be independent of the original presence and availability of fatty acids. These
would also highlight the positive effect of fish oil supplementation in UC in the study

presented, and the relative lack of effect of fish oil in CD. However, increased

incorporation of oleic acid was present in PBMC, after consuming a diet high in oleic
acid (Yaqoob et al., 1998). A slight decrease in natural killer cell activity after 2 months
of experimental period and a decrease in adhesion molecule ICAM-1, which is thought
to play a crucial role in growth ofmononuclear cells in arteriosclerotic plaque, were
noted. These data again confirm that the effect of oleic acid on plasma membrane
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phospholipids should not be ignored, and caution should be taken when using oleic acid
as placebo control group in such studies. The actual modulation of action due to oleic
acid is not yet known.

Incubation with EOL showed no response in CD tissue and a small but insignificant
increase in UC and control tissue for ILlra / ILlp ratio. Linoleic acid (CI8:2)

concentration was higher in EOL compared with ESY, for > ESY (7.17%) for > EOL

(11.23%) and absent in ESU. However it is possible that the presence of linoleic acid in
EOL has masked the effects of oleic acid (CI 8:1), as found in ESU and ESY incubation,

leading to an increase in ILlra / ILip ratio. It cannot be concluded that the positive
effects of oleic acid in decreasing platelet aggregation (Burri et al., 1991) and lowering
incidence of coronary heart diseases (Yaqoob et ah, 1998) known as the Mediterranean
diet effect, will necessarily translate into a benefical effect in IBD.

In the present study there were no positive anti-inflammatory response after incubation
with safflower oil (ESA) in CD and UC. This was similar after incubation with canola

oil (ECA), leading to an actual decrease in ILlra / ILip ratio in CD and UC. Again, it is
difficult to reconcile these results and provide explanations based on these simple

experiments. The variability of experimental conditions and assays may account for
some of these differences.

Increases in the ratio of ILlra / ILlp after incubation with COCF may be explained by
the presence ofSCFA and MCFA serving as a fast substrate for intracellular FA-P
oxidation commencing in metabolism of SCFA, butyrate, propionate and acetate, where

especially butyrate serves as energy substrate for colonocytes. A recent study by Segain
et al (Segain et ah, 2000) have found that butyrate decreased TNF levels in a dose

dependent manner in inflamed and non-inflamed biopsies. This was also seen for IL6

but less consistent for ILip. The group observed a decrease in cytokine mRNA in

biopsies and isolated LPMC after treatment with butyrate, and a decrease in TNF-a,

TNF-P, ILip and IL6 mRNA expression in PBMC after stimulation with LPS, due to a

butyrate induced inhibition of LPS stimulated mRNA expression. Butyrate inhibited

NFkB p65 translocation from cytoplasm to nucleus, which was induced by LPS in
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PBMC, and similar observations were made in cultured CD biopsies. This was

associated with an increase in IkB levels. Overall these studies show that butyrate has a

downregulatory impact on inflammatory response through inhibition ofNFkB. This
data might explain the slight increase in the ILlra/ ILip ratio in incubations with
COCF which maybe due to a production of butyrate from SCFA. This may lead to a

modest inhibitory effect on NFkB induced ILip mRNA expression, leading to a

decreased ILip and therefore to an increase in ILlra / ILip ratio. However, we did not

investigate in vitro production of butyrate in this simplified model, and therefore can

only propose this hypothesis which may be confirmed in future studies. The same

effect, i.e. an increase in the ILlra /ILip ratio was not seen in COC with a fatty acid

composition ranging from C6 to CI 8. Jeppesen et al investigated absorption of saturated

fatty acids (C8-C20) and long-chain unsaturated (C 16:1, C18:l, C18:2) fatty acids in

patients with small bowel resection with or without a preserved colon, showing that

fatty acids of C16-C18 were completely malabsorbed (98-100%) in three patients with a

preserved full colon and ileocaceal valve and in one patient with half a colon in

continuity. It indicated that LCFA with a length of 16 or more carbon atoms are not

absorbed in the colon. Better absorption was achieved for C8:0 to C14:0 in a chain

length dependent pattern. In patients with functional colon, absorption of C8:0 was

almost complete (more than 90%) at any level of C16 absorption (Jeppesen and

Mortensen, 1998). The fatty acid profile in the coconut oil formulae for COCF and
COC for C8:0 FA (55.39%) and (6.69%) respectively, could have favoured colonic

uptake and metabolism of C:8 in COCF.

15.5.1. Strengths of the study

The experiments described in this thesis were performed with endoscopic tissue

biopsies and incubated with specific modified enteral diets in a modular incubator
chamber. Using tissue has some advantages. Although it is an in vitro model, it is more

representatives of an intact metabolic system and responses to any external addition. It
has been shown that the incubated tissue is viable over a period of 24-h in culture
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medium, as well as in enteral diet medium mixtures. Viable tissue for protein

experiments (medium not included) in CD: 75%, UC: 81.5%, control patients: 85%; for

fatty acid experiment (medium not included) in CD: 72.1%, UC: 73.3%, control

patients: 77%. Total viable biopsy analysed (dietary and medium incubation) for

cytokine assay and TGF-pi staining was 75.5% of biopsies. The Toss' of 24.5 % of

biopsies (which were excluded in the final analysis) consisted of biopsies that had not

been viable over the culture period (no BrdU uptake), loss of biopsies during tissue

processing cycle, failure of cytokine assay or insufficient tissue for staining (mucus

rich, no tissue structure). The results showed that anti-inflammatory effect in culture

supernatants manifested as cytokine modulation in vitro may be assayed. The design of
these experiments was relatively simple but labour intensive. The results are

reproducible and are similar to current literature on cytokine response in vitro in e.g.

cell lines, lymphocytes or macrophages after stimulation with single fatty acids or in in

vivo cytokine modulation or cytokine mRNA response after enteral feeding in patients
with IBD. These anti-inflammatory effects due to dietary modulation have been further

found to be similar to other studies in IBD after enteral feeding of polymeric diets,

expression of cytokine mRNA in endoscopic biopsies (Fell J.M.E. et al., 2000) (Fell
J.M.E. et al., 1998), and reduced mucosal inflammation and improvement of disease

activity (Beattie et al., 1994).

Intestinal cytokine release has been further investigated in a variety of experiments. A
similar organ culture model has been used by Mahida et al, where his group measured

ILip cytokine response (homogenate and medium) and as % ofmedium control in

endoscopic biopsies in patients with IBD, incubated with 5-ASA (Mahida et al., 1991).
In vivo measurement of intestinal mucosa released cytokines and eicosanoids was

performed in patients with UC by Carty et al using filter paper (Carty et al., 2000) and
leukotriene concentration was measured in colonic dialysate in patients with UC after
oral treatment with MK-591 (Roberts et al., 1997). Incubation of Caco2 cells grown in
serum-free medium supplemented with whole protein diets was recently performed by
Croft et al, establishing an anti-inflammatory effect of diets on intestinal epithelial cells

(Croft et al., 2001).

272



It is not clear how handling of the tissue in the experiments presented in this thesis

might have affected the measured cytokine response. All the diet formulation supplied

by SHS were modified on the basis formulation of E028. Therefore the emulsifiers

used were the same in all formulae used in this experiment. We did not specified

investigate the effect of the emulsifiers in these experiments. The difference between

different diets is unlikely to be explained by any different emulsifier composition in the

formulae.

However, the medium incubated anti-inflammatory / pro-inflammatory cytokine (ILlra
/ ILip) ratio in experiments has been generally lower compared with dietary modulated

groups in CD and UC. Therefore it is likely that the anti-inflammatory response seen as

an increase in the ratio must be due to different dietary modulation. Further studies in
this area of nutritional modulation in IBD should be approached with some more

defined laboratory tools to avoid weaknesses of our study as discussed below. Using

simple laboratory methods, these data have shown that enteral formulae have a direct

anti-inflammatory effect on cytokine response in vitro.

To my knowledge, this is the first study where endoscopic tissue biopsies obtained from

patients with IBD and non-inflamed control patients were incubated with enteral diet
modifications. The use of biopsy tissue has the advantage of representing a

microenvironment, which mirrors the actual intestinal mucosa of the subject under

investigation. With this method it was proven, that enteral diets have a direct anti¬

inflammatory effect in patients with IBD.

15.5.2. Weaknesses of the study

Biopsies in this study were obtained from endoscopy. Although incubation of tissue has
its advantages, the manipulation of the tissue by endoscopy forceps can lead to an

increased cytokine release by traumatising the epithelial surface. Using cell cultures

could have prevented this, but primary epithelial cell cultures are less robust and
difficult to maintain. Transformed cell lines may not model IBD mucosa. The subjects

273



included in this study had diagnosed EBD, in different states of inflammatory activity,
but an actual estimation of the clinical disease activity was not performed. This was not

done because estimation by CDAI would involve diary card and laboratory blood

parameters and most patients generally came as outpatients for routine endoscopy,

staying in the day bed area. Characterisation of disease activity could therefore only be
obtained by macroscopic and histological appearance of the intestinal mucosa.
Medication used for IBD prior to biopsies has been recorded though the influence of
medication in combination with the enteral diets was not analysed, as the numbers were

small. In all the reviewed trials involving fatty acid modulation in patients with IBD, the

patients have continued with their usual medication. Due to processing of tissue for
BrdU uptake an estimate of protein weight was not possible, as the tissue as a whole
would no longer have been available for immunostaining. Weighing of biopsies after

endoscopy was initially performed but as the biopsies were small and the tissue kept
moisturised in culture medium to prevent desiccation, measurements of biopsy weight
were considered inaccurate and this was therefore discontinued. The cytokines ILip,

ILlra, IL10 and, to some extent TGF-P, have been measured in the culture supernatant

and ratio of changes of anti-and pro-inflammatory cytokines determined. Using

cytokine ratios is a reasonable method, since an imbalance of pro-inflammatory and

anti-inflammatory cytokine ratio in IBD is known. This also avoids using tissue

weights. It would have been useful also to measure other inflammatory cytokines such
as IL6 and IL2 but this was not possible due to lack of available culture fluid, which
was used up in the assays done. As thirteen different diets were investigated, in CD, UC
and control patients, the actual data set of each patient group per diet was low. It also
has to be considered that some data were excluded due insufficient BrdU uptake

confirming no viable tissue during incubation period, due to failure of assay, leakage
and loss of pressure during culture process, loss of tissue during tissue processing cycle
or spoiling of supernatant. Finally, as in most such experimental designs, it is a

reductionist model, which does not mirror the actual in vivo situation and therefore has

to be interpreted with caution.
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15.5.3. Proposals for further work

It is difficult to draw any unifying conclusion in respect of cytokine response after
incubation in these diets modified in protein and fatty acid composition and many

questions remain open. The principal results were obtained only for ILlra and ILip and

to a lesser extent in IL10, as these cytokines have shown to have a major impact in IBD
and imbalance is well established in IBD. It was shown in these experiments that simple

dietary modulation can have a major influence on these well known cytokine profiles.
Enteral diet components may have a direct effect on intestinal mucosal cytokine
modulation and a positive anti-inflammatory effect can result from such modulation.

However, investigating other cytokines involved in IBD such as IL2, IL6 and IL8 and
their possible change due to dietary manipulation could be an interesting approach in
further studies. An encapsulated 'wrapping' could be considered for specific fatty acids,

as some of these are unpalatable. Delivery systems to directly apply co-3 fatty acid to

mucosa may have clinical applications. Fatty acid enema can have some benefits

especially in UC and such topical effects bypassing diets could be utilised. It would be
difficult for orally taken enteral diets to reach the colon undigested, or ready for
fermentation as in the case of SCFA. Further clinical trials are required.

At the current stage it would be useful to launch further work in this area studying the
direct immunomodulatory effects of nutrient components. Using tissue does reflect a
more intact metabolism, despite injuries due to biopsy forceps. As biopsy tissues are

easy to obtain during routine endoscopy, it gives some advantages over cell cultures,

especially primary cultures. This organ culture model has been shown to keep tissue
viable over a period of 24-h. With appropriate facilities, it is possible to refine the work
further by in situ hybridisation for cytokine mRNA measurements. Through measuring

prostaglandin changes after dietary exposure its relationship to cytokine production can

be clarified. Clinical trials to study a more defined in vitro, as proposed, and in vivo

response after two to three weeks of oral enteral diet with modifications in patients with
IBD could be interesting. A close monitoring of treatment response prior to and after

275



treatment with paired in vitro incubation of biopsies could be tried. This would

highlight the actual onset of diet induced anti-inflammatory responses.

This project has opened up the possibility of clinical trials using some of the enteral diet
modifications used for incubations ofUC and CD affected tissues.
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Appendix

MATERIAL SUMMARY

Waymouth medium MB705\1 (Flow-labs 12-522-54)
L-Ascorbic acid (Sigma A 4544)

Ferrous sulphate (Sigma F 8633)
Penicillin & Streptomysin (Flow labs 16-700-49)

Gentamycin (Flow-labs 16-760-45)
L-Glutamine (Gibco 43-8030)
L-Glutamine (Gibco-8030)
Universal container (Greiner bio-one, UK)
Modular Incubator chamber (ICN Biomedicals #6153000)
Culture dishes (Becton&Dickinson, Falcon # 35303, USA)
Metal triangular grids mesh (United wire, swg36, 0.190mm #50(304L), Edinburgh,

UK).

♦

Enteral diet modifications (SHS, Liverpool, UK)
Destilled water (Baxter Health Care, Pharmacy WGH #F7124 Edinburgh, UK)

♦

Industrial Methylated Spirit (IMS 99) (Rothburn Chemicals Limited, UK)

Carnoys fixative (30% Chloroform, 10%Acetic acid, 60% Industrial Methyated Spirit)
Microtome Leica 2045 Multicut, Nussloch, Germany

Paraffin wax (BDH Lab Supplies, # 361079E, UK).

♦

Hydrogen peroxide BP 6% (Hilcross Pharmaceuticals #HYD 355C, UK)
Concentrated Hydrochloride acid (BDH analar # 10125, UK)

3,3'-Diaminobenzidine (Sigma D-5637, UK)
Harris Haematoxylin (Sigma HHS-16, UK)
Rabbit serum (SAPU # S030-220, UK)
Monoclonal anti-Bromodeoxyuridine (Becton&Dickinson #7580, UK)
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Biotinylated rabbit anti mouse immunoglobulines (Dako # E0413, UK)

StreptABCcomplex/peroxidase kit (Dako #K377-B, UK)
Trizmabase analar (#10315, UK)
Sodium chloride (Baxter health care Pharmacy WGH # F7124 Edinburgh, UK)
Histoclear (Rothburn Chemicals Limited, UK)

Xylene (Rothburn Chemicals Limited, UK)

Pap pen (Dako)
DPX (Mounting medium, #1,522, Raymond A. Lamp, London, UK).
Cover slips (Microslides, #K Germany)
Slides (Microslides LSL, Limited Rochdale, UK)

Light microscope (Leitz Wetzlar, Germany)

♦

Normal Sheep serum (# Z5050020, Diagnostics Scotland, Edinburgh, UK)

TGF-pi rabbit polyclonal (Santa Cruz Biotechnology #sc-146, Germany)

Sheep Anti-rabbit IgG biotinylated (Chemicon International #AQ301B, UK)

Copper sulphate (BDH Chemicals Ltd, #72850, UK)

Leica-Video-Image Analyser (Q500MC, Leica Cambridge, UK)
♦

ELISA plates (Corning Costar, # 9018, UK)

Human ILip capture (#MAB601, R&D, UK)

Human ILip protein (#201-LB-005, R&D, UK)

Human ILip detection (#BAF201, R&D, UK)
Human ILlra capture (#MAB280, R&D, UK)
Human ILlra protein (#280-RA-010, R&D, UK)
Human ILlra detection (#BAF280, R&D, UK)
Human IL10 capture (# MAB217, R&D, UK)
Human IL10 protein (# 217-IL-005, R&D, UK)
Human IL10 biotinylated detection (# BAF217, R&D, UK)

♦

Human TGF-pi DuoSet (#DY240, R&D, UK) containing:

TGF-pi capture (#840116)

TGF-pi protein (#840118)
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TGF-pi biotinylated detection (# 840117)

Streptavidin - HRP conjugate (#890803)

Streptavidin-horse-radish peroxidase conjugate (HRP) (Zymed Laboratories, # 43-4323,

UK)

♦

Phosphate buffer saline tablets (PBS) (Sigma, # P-4417, UK)
Tween 20 (Sigma # P-1379, UK)
Bovine Serum albumin (Sigma, # A-7906, UK)
Sucrose (Sigma, # S-9378, UK)

O-phenylene-edamine-dichloride -Fast-OPD tablets- (Sigma, # P-9187, UK)

Tetra-methylbenzidine substrate -TMB - (# DY999, R&D, UK)

HEPES, (Sigma # H-9136, UK)
3 N Sulphuric acid
Elisa Reader (# 992-0001-99, Dynex-Immunoassay Technologies, Guernsey Ltd, UK)
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Background. The mechanism of action of elemental diet in Crohn's
disease treatment, is unknown. Alteration of bacterial flora, low anti¬
genicity, low fat content and improvement of nutritional status are
postulated to play a role in the anti-inflammatory effect of elemental
diet.
Aim. To determine whether elemental diet or its modifications has a

direct anti-inflammatory effect on colonic tissue biopsies in vitro.
Patients and methods. Colonic or ileal biopsies from 39 patients with
inflammatory bowel disease and control patients were incubated for
24 hours with enteral diets In which nitrogen sources were amino
acids as in elemental diet, casein or whey. Tissues were incubated with
elemental diet, casein or whey, at dilutions of 1:5, 7:7O or 1:20 in
Waymouth's complete medium; a medium control was also included.
Tissue viability was assessed by bromodeoxyuridine uptake. Interleukin-
ip, interleukin-1 receptor antagonist and interleukin-10 concentra¬
tions in supernatants were measured by immunoassay (enzyme-linked
immunosorbent assay].
Results. Incubation of tissues from Crohn's disease with elemental di¬
et resulted in an increase in the ratio of interleukin- 7 receptor antag-
onist/interleukin-ip vs control statistically significant at 1:10
(89. B±17 vs 45. 7±9. 7, p<0.05]. Incubation of Crohn's tissue with ca¬
sein resulted in a significant increase of interleukin-1 receptor antago-
nist/interleukin-1p ratio at dilutions 1:20, 1:10 and 1:5
(101.8±22.0, p-0.05; 142.8±24.5, p<0.05; 109.7±25.0, p=0.05].
In ulcerative colitis tissue and non-inflamed non-inflammatory bowel dis¬
ease control tissue, no significant increase in interleukin 1 receptor an-
tagonist/interleukin-1p ratio was seen after incubation with elemental
diet, casein and whey.
Conclusion. Elemental diet incubation increases anti-inflammatory:pro¬
inflammatory cytokine ratio in Crohn's disease and this anti-inflamma¬
tory effect is not specifically due to amino acid composition, as diets
containing casein have similar anti-inflammatory effects.

Digest Liver Dis 2002;34:430-8

Key words. Crohn's disease; cytokine interleukin-1 receptor antagonist/interleukin-ip ratio; el¬
emental diet; organ culture.

Introduction

Low nutritional intake is common in inflammatory bowel disease (IBD),
and may result in a lack of essential nutrients and malnutrition Nutrition¬
al therapy is not considered to be useful in inducing or maintaining remis¬
sion in ulcerative colitis (UC), although a milk-free diet has been reported
to be superior compared with a milk-containing diet which increased re¬
lapses 2. Nutritional therapy is more widely used and effective in Crohn's
disease (CD), where it may improve disease activity35. The mechanism of
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action is unknown but possible explanations, which
have been proposed, include: alteration of bacterial
flora, exclusion of protein antigens, enterocytic im¬
mune response and a low fat content5 6.
Elemental diet (EAA) is a liquid chemical nutrition
source where nitrogen is derived from free amino
acids, the carbohydrate source is derived from simple
digestible carbohydrates, and the fat source consists of
triglycerides; vitamins, minerals and trace elements are
added to provide a complete nutritional formula. EAA
is a particularly popular treatment for paediatric CD 17.
In children with CD, supplemental feeding with EAA
has been shown to maintain remission of disease activ¬

ity, which suggests that EAA may not be merely an ex¬
clusion diet8. In adults, an improvement in clinical fea¬
tures and long-term remission in uncomplicated CD
could be achieved by EAA 3. Also in adult quiescent
CD patients, supplemental elemental diet maintained
remission, making it unlikely that elemental diet
worked as an exclusion diet9.
Pro-inflammatory cytokines such as interleukin- (IL-)
1|3, tumour necrosis factor alpha (TNF-a)10 or indi¬
rectly induced cytokines such as IL-6, as well as an¬
ti-inflammatory cytokines ", such as IL-1 receptor
antagonist (IL-lra), are altered in 1BD 12. A signifi¬
cantly raised production of IL-ip compared to con¬
trols was found in fresh and 24-hour cultured CD

biopsy tissue l3. A decreased ratio of IL-lra/IL-ip
seems to be more common in IBD compared with
controls and suggest the hypothesis that an imbalance
in the IL-lra/IL-ip ratio may play an important role
in IBD 14 I5. IL-10 has an anti-proliferative effect on
human intestinal lamina propria T-cells, and also in¬
duces IL-lra secretion in peripheral monocytes and
intestinal lamina propria mononuclear cells. It is also
known to restore a decreased IL-lra/IL-lp in IBD to
normal levels l6.
In vivo, a commercial polymeric enteral diet is report¬
ed to have a down-regulatory effect on pro-inflamma¬
tory cytokines l7. Data from our unit also showed a de¬
crease in IL-lp levels in gut lavage fluid after treat¬
ment with elemental diet '. A crucial question is
whether EAA is an exclusion diet or whether it pos¬
sesses a direct anti-inflammatory effect. If the mecha¬
nism of action of EAA were better understood, defined
formula diets may be improved further to help reduce
inflammation.
The aim of this study was to determine whether EAA
has a direct anti-inflammatory effect in vitro, using an
organ culture model. The culture of colonic tissue has
been described previously 18"20. With organ culture, it is
possible to maintain the structure of the tissue, which
is normally accompanied by a minimum outgrowth of
the tissue and preserves the histological architecture
for further investigations.

Patients and methods

Patients

Colonoscopic biopsy samples were collected from 39
patients, during 1998 and 1999. The patients required
colonoscopy for medical reasons and consent was
given prior to endoscopy. Patients with CD [n= 16,
mean age: 37 years (range 16-64), biopsy site: colon
n=12, ileum n=4] and UC patients [n=12, mean age:
38 years, (range 22-55), biopsy site: colon]. In CD
and UC, biopsies were taken from macroscopically
affected areas and in control patients from the rec¬
tosigmoid region. The non-inflamed non-IBD control
group [n=ll, mean age: 48 years (range 20-78), biop¬
sy site: rectosigmoid] was composed of patients with
diagnoses such as irritable bowel syndrome, chronic
constipation and incidental vascular malformations
who had gastrointestinal symptoms but macroscopi¬
cally normal intestine. When biopsies from a patient
were taken for ED incubation, additional biopsies
from the same patient were used for media control in¬
cubation. At time of biopsies, 11 out of 16 CD pa¬
tients were on medications (2 = prednisolone, 4 = 5-
ASA, 1 = azathioprine, 2 = prednisolone + 5-ASA, 2
= azathioprine and steroids); similarly in UC, 6 out of
12 patients were on medications (1 = prednisolone, 2
= 5-ASA, 2 = prednisolone + 5-ASA, 1= pred¬
nisolone + azathioprine). The diagnoses were con¬
firmed by characteristic radiological, endoscopic and
histological features.

Elemental diet
EAA (E028 Extra) and preparations of comparable di¬
ets but with casein (EC) and whey (EW) as nitrogen
sources were supplied by SHS International (Liver¬
pool, UK). The nutritional profiles of the diets are
shown in Tables I and II. The osmolality of the diluted
elemental diets with distilled water and with Way-
mouth's medium (osmolality in 1:7.5 diluted with me¬
dia to 1:5) were as follows: EAA 296 mosm/kg; EC
268 mosm/kg; EW 268 mosm/kg.

Organ culture
The tissue was cultured in Waymouth's medium
MB752\1 (Flow-labs 12-52-54) which was modified
and supplemented with 10% heat inactivated foetal
calf serum (Ako Tech), L-Glutamine 200 mM (Gibco
43-8030), 300 pg/ml Ascorbic acid (Sigma A 4544),
0.45 pg/ml ferrous sulphate (Sigma F 8633), 50 mg/ml
gentamicin (Flow-Labs 16-760-45) and 5000 lU/ml of
Penicillin and 5000 pg/ml Streptomycin (Flow-labs
16-700-49). Bromodeoxy-Uridine (BrdU) (Sigma
B5002) was added to each formula diet dilution, to
give a final concentration of 200 pM BrdU21.
A transport container to which the medium had already
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Table 1. Composition of formula diets.

Ingredient Per 100 g powder
EAA

Energy kcal 443
Carbohydrate g 60

Vitamin A pg 330
Vitamin D pg 1.9
Vitamin E mg 8.3
Vitamin C mg 28.3
Vitamin K pg 25
Thiamine mg 0.B
Riboflavin mg 0.6
Niacin mg 4.2
Vitamin Be mg 0.8
Vitamin B12 1.8
Biotin pg 58.3
Pantothenic mg 2

Choline mg 91.6
Inositol mg 9.2
Sodium mg 305
Potassium mg 466
Chloride mg 333
Calcium mg 187.5
Phosphorus mg 200
Magnesium mg 81.6

Iron mg 4.2
Copper mg 0.4
Zinc mg 4.2
Iodine pg 33.3
Manganese mg 0.6
Molybdenum pg 33.3
Selenium pg 15
Chromium pg 15
Fat g 17.65
MCT% 35
LCT% 65

MCT: medium chain triglycerides; LCT: long chain triglycerides.

Table II. Amino acid profiles of diets.

g/IOOg Amino acid EAA EC EW

Protein Equivalent 12.63 13.57 12.13
Nitrogen 2.31 2.12 1.9
L-alanine 0.51 0.45 0.69
L-arginine 1.16 0.52 0.33
S-aspartic acid 1.00 1.05 1.49
L-cystine 0.07 0.07 0.27
L-glutamic acid 0.00 3.22 2.40
Glycine 0.87 0.26 0.24
L-histidine 0.63 0.40 0.23
L-isoleucine 0.86 0.76 0.87
L-leucine 1.48 1.40 1.43
L-lysine 1.10 1.10 1.25
L-methionine 0.50 0.42 0.25
L-proline 1.01 1.48 0.87
L-phenylalanine 1.22 0.70 0.39
L-serine 0.62 0.84 0.76
L-thronine 0.72 0.60 1.03
L-tryptophan 0.29 0.17 0.23
L-tyrosine 0.25 0.78 0.38
L-valine 0.94 0.97 0.80
L-carnitine 0.025 0.00 0.00
Taurine 0.047 0.00 0.00
L-glutamine 1.72 0.00 0.00

been added was weighed on a digital balance
(Oertling, Smethwick, UK). The container was pre-
gassed in the incubator chamber (ICN Pharmaceuti¬
cals, Ltd., UK) with 95% O2 and 5% C02. Time be¬
tween pre-gassing of the transport containers until tis¬
sue collection was between 60 and 150 minutes. The
tissue was transported on ice in a plastic bag to prevent
moisturising of the containers and re-weighted to cal¬
culate biopsy weight. The biopsies were carefully
placed on a sterile triangular metal grid with luminal
tissue surface face up, over a central well of an organ
culture dish. Culture fluid medium or diluted elemen¬
tal diet (1.5 ml), was added to the culture dish. The
dishes were incubated at 37°C for 24 hours in a sealed
chamber containing 95% 02 and 5% C02 at a pressure
of two atmospheres. After incubation, the tissue was
placed in Carnoy's fixative (60% absolute alcohol,

30% chloroform, 10% acetic acid) for approximately
16 hours and then transferred into industrial methylat¬
ed spirits (IMS99) for further histological processing.
The culture supernatants were immediately frozen at
-70°C prior to immunoassay.

Assessment of tissue viability
BrdU is a thymidine analogue and labels cells which
are in S-phase of the cell cycle22. BrdU uptake was as¬
sessed by immunostaining as described elsewhere2122.
BrdU stained sections in each experiment were sys¬
tematically reviewed for crypt architecture, epithelial
cell shape, and nuclear orientation, oedema, cell debris
in the lamina propria and crypt necrosis. Viability was
assessed by the morphologically intact structure of the
tissue and intact epithelial integrity. Retention of nor¬
mal morphology of the tissue and incorporation of Br¬
dU in DNA of dividing cells are indices of the survival
of explant tissues21. As it was not a histological study
for colonic tissue proliferation, the number of BrdU la¬
belled cells were not quantified, as in 23. Tissue was
considered as viable in respect of the above-mentioned
tissue appearance and the presence of BrdU labelled
cells in horizontal and U-shaped crypts. To avoid dou¬
ble estimation of labelled cells, one tissue cut out of
three cuts was used for assessing BrdU uptake. Tissue
explants which did not fulfil these criteria, were ex¬
cluded from further analysis
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ELlSAs for determination ofIL-10, IL-lj5 and IL-1RA
in supernatant
IL-10, IL-lra and IL-ip were measured in culture su-
pernatants using matched antibody pairs obtained from
R&D Systems Briefly, ELISA plates (Corning Costar
#9018) were coated with capture antibody (IL-10
MAB217, IL-lra MAB280, IL-lp MAB601, R&D Sys¬
tems) at concentrations of 4, 9 and 3.5 pg/ml, respec¬
tively, in PBS (Sigma, UK, 100 pl/well). After overnight
incubation, and washing, plates were blocked (300
pl/well) with PBS containing 1% BSA (Sigma), 5% su¬
crose, 0.05% NaN3 (BDH, UK) for 2 hours. Supernatant
samples were added to plates (100 pl/well) in dupli¬
cates. Standard curves were constructed in culture medi¬
um, using recombinant IL-10 (217-IL-005, R&D Sys¬
tems) at concentrations double diluted out from 2000 -
31.3 pg/ml; for IL-lra (280-RA-010, R&D Systems) at
concentrations from 2500-39 pg/ml; forIL-ip (201-LB-
005, R&D Systems) at concentrations from 250-3.9
pg/ml. After 2 hours' incubation at 24°C biotinylated de¬
tection antibodies were used: for IL-10 (BAF217, R&D
Systems) at a concentration of 420 ng/ml; for IL-lra
(BAF280, R&D Systems) at 60 ng/ml; for IL-ip
(BAF201, R&D Systems) at 90 ng/ml. Plates were in¬
cubated at 24°C for 2 hours. A streptavidin-horse-radish
peroxidase conjugate (Zymed Laboratories, UK) at a di¬
lution of 1:20.()00 was added and plates were incubated
at 24°C for 1 hour. TMB substrate (R&D Systems) was
used for IL-10 and IL-lra. OPD substrate was used for
IL- ip. After 30 minutes' incubation, the colour develop¬
ment was stopped and plates were read at 450 urn for IL-
10 and IL-1 ra, and at 490 nm for IL- ip.

ELISA interference with elemental diet
Recovery was performed by incubating an EAA dilu¬
tion of 1:10 either plain or "spiked" with a known
amount of cytokine for 0, 3, 6 and 24 hours and after¬
wards immediately frozen to investigate whether EAA
cross-reacts with cytokines. Standard curves were
made up in EAA 1:5 dilution for IL-ip, IL-lra and IL-
10 and compared with curves obtained with medium.

Statistical analysis
Results were analysed statistically in Minitab 10. Sta¬
tistics used were mean and standard error of the mean

(SEM). Differences between formula diet dilutions
were calculated using Student t-test for unpaired val¬
ues. Results are expressed as mean ± SEM and signif¬
icance was denoted by psO.05.

Results

A total of 158 organ culture experiments were includ¬
ed in the final analysis from 39 patients (16 CD, 12 UC

and 11 non-inflamed non-IBD controls). Measurement
of cytokines for IL-lra, IL-1 p and IL-10 were per¬
formed using the same supernatant from incubations.
Specimens in which BrdU uptake was unsatisfactory
were excluded. We did not find any specific differences
between colonic and ileal biopsies in our experiments
on cytokine balance. Ileal and colonic biopsies in CD
are, therefore, considered together in this study.
In all the experiments included in the final analysis, the
tissues had normal mucosal architecture after organ
culture for 24 hours. The epithelial lining of the mu¬
cosa remained intact, with normal colonic crypt archi¬
tecture. BrdU uptake could be detected in labelled cells
in the crypt.
Recovery experiments of EAA spiked with cytokines
showed that for IL-lra at a low concentration (100
pg/ml), more than 50% of cytokine was detected over
the entire 24-hour incubation period. At a high con¬
centration of IL-lra (1000 pg/ml), a steady decrease of
detectable cytokine from 100% at 0 hours to 52% after
24 hours was seen. For IL-1 p at low concentration (10
pg/ml) 100% was detectable at all time points. At high
concentration IL-1 p (100 pg/ml), 100% was detected
at 0, 3 and 6 hours but only 60% at 24 hours. Since in
the experiments, the IL-1P concentrations correspond¬
ed to the low concentrations in the spiking experiments
and were stable, it is likely that the ratio of IL-lra/IL-
ip reported in this study is conservative. For IL-10 at
low concentration (100 pg/ml), nearly 80% was de¬
tectable after 0 hour of incubation, and 40% after 24
hours. At high concentration (1000 pg/ml), the amount
of cytokine detected decreased to 40% at 24 hours of
incubation.
ELISA standard curves for EAA and medium for IL-

ip, for IL-lra and for IL-10, were performed. These
curves did not show any significant shift in standard
curves between EAA and medium curves, and confirms
no interference between EAA and the cytokine assays.
An accurate estimation of the biopsy weight was prob¬
lematic, as endoscopic biopsies were small. The degree
of hydration considerably affected measurement of
such small weights. Also the between measurement
variation of the tissue weight was large, even using a
sensitive digital balance. An alternative option of in¬
dexing results against protein or DNA content was not
possible as the tissue was processed for BrdU uptake.
Therefore, we have not presented the data as cytokine
concentration per mg tissue weight, as these results
will be greatly affected by even small inaccuracies of
tissue weight measurement. Instead, results are pre¬
sented as anti-inflammatory/pro-inflammatory cy¬
tokine ratios (IL-lra/IL-ip and IL-10/IL-1P) which are
independent of tissue weights. IL-ip and IL-lra are
competing cytokines for the same membrane receptor
and, therefore, an increase in the IL-lra/IL-ip ratio
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gives an estimate for an anti-inflammatory effect in re¬
sponse to EAA.
No differences in cytokine production or anti-inflam¬
matory to pro-inflammatory ratio could be detected
when the biopsies were subgrouped according to med¬
ications. However, from each set of biopsies from an
individual patient, a medium control group was always
set up for comparison.
Analysis of cytokine data per mg tissue weight shows
that in CD the predominant change after addition of
EAA to media was a reduction in IE-1 (3 concentration
in the supernatant at 24 hours. With medium alone the
mean IL-ip concentration was 2.96 pg/mg of tissue
(± 1.59). With 1:20, 1:10 and 1:5 dilutions of EAA, the
mean IL-ip concentration was 3.64 pg/mg (±2.06),
0.22 pg/mg (±0.07) and 0.39 pg/mg (±0.09), respec¬
tively. With 1:20, 1:10 and 1:5 dilutions of EC, the
mean IL-ip concentration was 1.09 pg/mg of tissue
(±0.97), 0.36 pg/mg (±0.30) and 0.46 pg/mg (±0.19),
respectively. Finally with 1:20, 1:10 and 1:5 dilutions
of EW, the mean IL-ip concentration was 0.73 pg/mg
(±0.36), 0.48 pg/mg (±0.2) and 1.85 pg/mg (±0.94), re¬
spectively. However, since the reproducibility of
weight of biopsies on repeated measurements was
poor, we have avoided presenting the data as pg/mg tis¬
sue weight and, instead, used ratios of IL-lra/IL-ip
and IL-10/IL-ip, which cancels weight and, therefore,
is independent of tissue weight.

IL-1 ra/IL-1 j3 ratio after elemental diet incubation
Crohn's disease Figure 1 shows the IL-lra/IL-ip ratio
after incubation of biopsies from patients with CD.
Compared with medium control (45.7±9.1), incubation
of biopsies with EAA increased the ratio at 1:20, 1:10
and 1:5 dilutions (59.7±24.0; 89.6±17.0; 93.0±38), al¬
though the result reached statistical significance
(p<0.05) only at 1:10 dilution compared with medium
control alone (Fig. la).
An increase in the IL-lra/IL-ip ratio was shown with
EC incubation compared with medium alone (control)
in dilutions 1:20 (101.8±22.0; p=0.05), 1:10
(142.8±24.6; p<0.05) and in 1:5 (109.7±25.0; p=0.05),
respectively (Fig. lb). The increase was not dose-de-
pendent as the highest ratio was seen with 1:10 con¬
centration of IL-lra/IL-ip.
The ratio of IL-lra/IL-ip after EW incubation in¬
creased at 1:20, 1:10 and 1:5 concentrations but the
differences seen in all 3 dilutions compared with con¬
trol did not reach statistical significance. The mean ra¬
tios (SEM) were 100.4±36.0; 91.6±37.0; 95.2±38.0 for
1:20, 1:10 and 1:5, respectively, compared with the
control ratio (45.7±9.1) (Fig. 1c).
However, combining the IL-lra/lL-ip ratio for all di¬
lutions from 1:5 to 1:20 in EW together (control n=13
mean 45.7±9.1 vs combined n=15 mean 95.7±20) re-

CROHN'S DISEASE

n=13

X
n=9 n=10 n=10

1:20 1:10

Dilution of EAA

1:5

**

n=13 n=6 n=4 n=6

control 1:20 1:10 1:5

b Dilution of EC

n=13 n=5 n=5 n=5

ccntrot 1:20 1:10

Dilution of EW

1:5

Fig. 1. IL-1 ra/IL-1 (3 ratios in supernatant after 24 hours' incubation in
Crohn's disease, a] IL-1 ra / IL-1 (3 ratio after incubation with EAA in
Crohn's disease. p^G.05; bl IL-1 ra/IL-1 (3 ratio after incubation with
EC in Crohn's disease. psO 05. ' p=0.05; c) IL-1 ra/IL-1 p ratio af¬
ter incubation with EW in Crohn's disease.
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suited in a significant increase in the ratio (p<0.05) af¬
ter incubation with EW.
Ulcerative colitis Figure 2 shows the IL-1 ra/IL-1J3 ra¬
tio after incubation of biopsies from patients with UC.
Incubation with EAA resulted in no significant
changes in the IL-1 ra/IL-1 (3 ratio. A slight increase in
the mean ratio at 1:10 EAA compared with control
(65.8± 17.0 vs 45.1 + 15.0) was seen, but was not statis¬
tically significant. The mean ratios with 1:20 and 1:5
dilutions of EAA were 53.0+12.0 and 51.2+23.0, re¬

spectively (Fig. 2a). Similarly, incubation with EC and
EW resulted in no changes in the IL-ra/IL-ip ratio
(Fig. 2b, c).
The IL-1 ra/IL-1 p ratio in the control UC specimen
(45.1 ± 15.0) was similar to the ratio in the control CD
specimen (45.7±9.1) without the addition of formula diet.
Non-inflamed non-IBD Figure 3 shows the IL-lra/IL-
ip ratio after incubation of biopsies from non-in-
flamed non-IBD patients. The ratio in the non-in¬
flamed non-IBD specimen was higher than that in the
previously noted inflamed specimens. Incubation with
EAA produced an increase in the IL-1 ra/IL- ip ratio at
1:10 dilution vs control (143±31; 64.4±18) that nearly
reached statistical significance (p=0.06). At other dilu¬
tions of EAA, no significant change in the ratio was
seen (60.6±20.0 and 88.2±22.0) for 1:20 and 1:5, re¬

spectively (Fig. 3a).
After incubation with EC, a decrease in the IL-lra/IL-
ip ratio at 1:20, 1:10 and 1:5 was observed
(35.4±20.0; 46.2±17.0; 43.7±3.3. respectively) com¬
pared with control (64.4±18.0), respectively, but this
was not significant for 1:20 and 1:10 (Fig. 3b). This
was different from the experiments conducted with CD
affected tissues, where a consistent increase in the ra¬
tio was seen.

In EW-incubated tissue, no change in the ratio of IL-
1 ra/IL-ip was detected between the control (64.4±18.0)
and 1:20, 1:10 and 1:5 dilutions (51.2± 18.0; 84.2± 11.0;
54.3±1.0, respectively) (Fig. 3c).

IL-10/ IL-1(i ratio after elemental diet incubation
The IL-10/IL-ip ratio in CD after incubation with
EAA showed a slight increase in IL-10/IL-ip ratio in
1:10 dilution vs control (43.1 ±23 vs 21.4±9.2) but this
was not statistically significant (data not shown).
In EC, an increase in the ratio of IL-10/IL-ip at 1:20
(75,4± 12) and at 1:5 (48.12±6.7) occurred, but the
sample size was small and the results did not reach sta¬
tistical significance. For the 1:10 dilution, no data were
available (data not shown).
In EW incubation, an increase in mean at 1:10 dilution
compared with control (165+140 vs 21.4+9.2) oc¬
curred, however this did not reach statistical signifi¬
cance (data not shown).
In UC patients and in non-inflamed non-IBD controls,

Ulcerative colitis

200

150

100

50-

n=7 n=7 n=7 n=7

control 1:20 1:10

Dilution of EAA

1:5

200-,

150-

100-

50

n=7

n=3

X
n=3 n=3

control 1:20 1:10

Dilution of EC

1:5

200

150

100-

50-

n=7 n=3 n=3 n=2

control 1:20 1:10 1:5

Dilution of EW

Fig. 2. IL-1 ra / IL-1 p ratios in supernatant after 24 hours' incubation
in ulcerative colitis, a) IL-1 ra/IL-1 p ratio after incubation with EAA in
ulcerative colitis; b) IL-1 ra/IL-1 p ratio after incubation with EC in ul¬
cerative colitis; c) IL-1 ra/IL-1 p ratio after incubation with EW in ul¬
cerative colitis.
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Non-inflamed non-IBD

200

n=5 n=7 n=7

X

n=7

1:20 1:10 1:5

Dilution of EAA

200-i

150-

i
n=3 COIIc n=2

control 1:20 1:10 1:5

Dilution of EC

150

100-

50-
n=5

n=2 n=2 n=2

1:20 1:10

Dilution of EW

Fig. 3. IL-1 ra/IL-1 p ratios after 24 hours incubation in supernatant in
non-inflamed non-IBD. a) IL-1ra/IL-1[3 ratio after incubation with EAA
in non-inflamed non-IBD. !=p=0.06 [not significant); b) IL-1 ra/IL-1 p
ratio after incubation with EC in non-inflamed non-IBD; c) IL-1 ra/IL-1 (3
ratio after incubation with EW in non-inflamed non-IBD.

no changes in IL-10/IL-ip ratios were observed after
incubation with EAA, EC or EW (data not shown).

Discussion

In this study, we have shown changes in the IL-lra/IL-
ip cytokine balance after incubation with EAA and
with comparable enteral formulas containing EC and
EW. These changes affected tissues differently, de¬
pending on whether the tissue was obtained from pa¬
tients with CD, UC or non-inflamed non-IBD. We
showed that EAA does not interfere with the cytokine
assays. Recovery experiments showed that variable
proportions of different cytokines were present after 24
hours of incubation. In practice, however, cytokines
were constantly being secreted and added to the super¬
natant over 24 hours, and, therefore, the net recovery is
likely to be higher than the 24-hour recovery experi¬
ments. Therefore, as the ratio increases we consider
that our results are a reflection of the amount produced
in tissues during incubation with EAA. We have no
reason to believe that biopsies incubated with EAA
would act differently from those incubated with medi¬
um, as these results are consistent in our patients. One
biopsy from each individual patient was always used
for medium control. No effect of medications could be
detected on subgroup analysis, though the numbers are
small and the possibility of a type II error quite large.
This study was not designed to detect the effect of con¬
current medications.
Several studies have shown that both in CD and UC, the
mucosal molar ratio of the IL-1 ra/lL- ip ratio is lower in
inflamed tissue compared with control tissue 14 15 24. In
this study, in tissues affected by CD, a consistent in¬
crease in the IL-lra/IL-ip ratio was seen after incuba¬
tion with enteral diet. This was dose dependent with
EAA, but the dose-dependency was less marked with
EC and EW. EC at 1:10 dilution appeared to increase
the ratio most markedly. In contrast, in UC and in non-
inflamed non-IBD tissue, no statistically significant al¬
teration in the IL-lra/IL-ip ratio was observed. This
finding is consistent with the well-known clinical ob¬
servation that EAA is ineffective in UC. Both in CD and
in UC the ratios of IL-lra/IL-ip in media control alone
without incubation in enteral diets were comparable, but
lower than non-inflamed non-IBD control tissue.
The ratio of IL-10/IL-lp showed no statistically sig¬
nificant rise in CD after incubation with the formula
diets, with EC again appearing to show a trend towards
an increase. Little change in the IL-10/IL-ip ratio was
seen in UC or non-inflamed non-IBD patients. IL-10
expression in UC and CD tissues might be variable25
but resolution of inflammation in IBD is expected to
increase IL-1026 and, therefore, the IL-10/IL-ip ratios;

436



D. Meister et al.

in our study, no such significant increase was ob¬
served. This might indicate that an increase in IL-lra is
the preferential effect of enteral diets especially in CD.
Also since most of the IL-10 is derived from lamina

propria mononuclear cells27, the colonoscopic mucos¬
al biopsies might have been weighted towards epithe¬
lial secretion of IL-lra, rather than lamina propria se¬
cretion of IL-10. A further explanation could be the
rather high loss of IL-10 of approximately 60%/24
hour in the cytokine recovery experiment in EAA at
both concentrations of 1000 pg/ml and 100 pg/ml
which might influence the IL-10/IL-ip ratio. Impaired
production of IL-10 in UC mucosa26 has been report¬
ed. As IL-10 downregulates IL-ip 16 the low concen¬
tration of IL-10 in UC might not sufficiently downreg-
ulate IL-ip and increase the IL-lra/IL-p ratio after in¬
cubation with enteral diets.
Our findings show that enteral diet has a direct anti-in¬
flammatory effect on cytokine production on intestinal
biopsy tissue from patients with CD. This direct anti¬
inflammatory effect is manifested by an increase in the
IL-lra/IL-ip ratio, but the effect on IL-10/IL-ip is
minimal. This would support in vivo studies, such as
that by Fell et al. 17 who investigated the effect of a
polymeric diet, with casein as a protein source, on mu¬
cosal healing and expression of cytokine mRNA IL-
ip, interferon gamma (IFN-y) and IL-8 before and af¬
ter 8 weeks of treatment. Their results also showed a

decrease of IL-ip mRNA after treatment in ileum and
colonic biopsies compared with controls. Likewise,
Ferguson et al. also reported a decrease in IL-ip in
whole gut lavage fluid after treatment with elemental
diet'.
The immunomodulatory effect of formula diets on CD
was not restricted to EAA alone. EC and EW also
showed immunomodulatory properties, and this was
particularly observed with EC. EC is one of the major
milk proteins and consists of four major protein frac¬
tions (asl-casein, as2-casein, p casein and k casein).
ECs are proteins known to have immune modulator ef¬
fects on cellular immune function. EC, especially P ca¬
sein and k casein, have a range of stimulatory and im-
muno-suppressive effects on mononuclear cell func¬
tion. The carbohydrate-rich glycomacropeptide com¬
ponent of k casein particularly acts as an active com¬
ponent2829. Kohyama et al.30 have reported the effect of
a bovine a ls-casein in induction of CD8+ T-cells for IL-
10 production; they showed that a single specific amino
acid substitution could induce a separate production of
IL-10 or IFNy from a CD8+ T-cell clone. Subtle varia¬
tions in amino acid content or peptide sequence may
influence the balance of Thl/Th2 responses. The im¬
munomodulatory effect of casein was seen in the in¬
creased production of IL-lra in CD at all dilutions of
EC, resulting in an increased IL-lra/IL-ip ratio.

Whey originates from the production of cheese; it re¬
mains as a fluid phase after coagulation and extraction
of the cheese product. The major whey proteins are P
lactoglobulin and a lactalbumin. Some isolated pro¬
teins from whey have also been shown to have poten¬
tial effects on cellular immune function29. In our organ
culture system, we saw no significant differences in
anti-/pro-inflammatory cytokine production with EW,
though there was a trend towards an increased ratio of
IL-lra/IL-ip in CD.
It must be stressed that our in vitro study is based, by
necessity, on a very reductionist model. As such, it
does not parallel the in vivo situation of oral ingestion
of EAA where EAA is almost completely absorbed in
the proximal small intestine with very little arriving in
unchanged form in the colon. Also, the whole proteins
used in the whey and casein-based formulas would
have been partly digested in vivo so that a mixture of
unabsorbed protein, peptides and amino acids would
be presented to the colonocytes. These results must,
therefore, be interpreted with caution. Differential
degradation of the cytokines could affect the ratios and
this might be particularly relevant for the IL-10/IL-ip
ratio, which did not change significantly in this study.
We do not know the influence of enteral diet on the dis¬
tal colonic mucosa because most of the components
will not reach the distal colon by oral feeding. But we
have shown in this in vitro model that when enteral di¬
et has direct contact with the lamina propria, it has a
direct-acting immune-modulating influence on cells
producing cytokines. The direct contact of EAA com¬
ponents might enhance a modulating effect on IL-ip
mRNA expression, which is present in the lamina pro¬
pria31. This might open further considerations for EAA
as an effective treatment after surgery e.g. ileal resec¬
tion in IBD, to inject EAA into a stoma or, more un¬
conventionally, infuse EAA as a high enema into the
colon.
The focus of this study was to detect any direct influ¬
ence of elemental diets on the intestinal mucosa in the
release of pro- and anti-inflammatory cytokines. We
have demonstrated variation between ratios of pro-and
anti-inflammatory cytokines released by IBD tissues
incubated with EAA compared with non-inflamed
non-IBD as controls.
In conclusion, to our knowledge, this is the first in vit¬
ro study to show any direct anti-inflammatory response
to EAA in intestinal biopsies of patients with IBD. The
results confirm a positive direct anti-inflammatory ef¬
fect of EAA on intestinal tissue affected by CD. This
anti-inflammatory effect is preserved if casein and to a
lesser extent, whey are substituted for amino acids in
EAA. However, the specific mechanism by which
EAA leads to improvement in IBD is still unknown.
Future work should include assessment of other key
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cytokines such as TNF-a, IL-6, IL-12 and IFN-y as
well as quantitative reverse transcription-polymerase
chain reaction of cytokine mRNA after incubation.

List of abbreviations

BrdU: bromodeoxyuridine; CD: Crohn's disease; EAA: elemental di¬
et; EC: casein; ELISA: enzyme-linked immunosorbent assay; EW:
whey; IBD: inflammatory bowel disease; IFN-y: interferon-gamma; IL-
1ra: interleukin-1 receptor antagonist; IL: interleukin; SEM: stan¬
dard error of the mean; TMB: TNF-a: tumour necrosis factor alpha;
UC: ulcerative colitis.
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Modification of enteral diets in inflammatory bowel disease
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The provision of food is thought to promote the maintenance of gut integrity. Nutrients are able to
elicit and affect both systemic and mucosal immune responses. Enteral diet therapy has long been
known to be efficacious in inflammatory bowel disease (IBD), particularly in childhood Crohn's
disease. However, the mechanisms of action of these diets are not clear. Nutritional repletion,
direct effects on the gut mucosa or decreased intestinal permeability have all been postulated as
being important in nutritional therapy. There is some evidence that the enteral diet has a direct
effect on the gut mucosa by reducing cytokine production and the accompanying inflammation,
thus leading to decreased intestinal permeability. Modifications of enteral diet composition have
been evaluated in many studies. Such modifications include fat and/or protein content and the
addition of bioactive peptides. The fatty acid composition of the enteral diet seems to have a much
greater impact on its efficacy than modification of the N source. As specific fatty acids are
precursors of inflammatory mediators derived from arachidonic acid, the reduction in these
components may be beneficial in nutritional therapy for IBD. Addition of bioactive peptides to
enteral diet formulas may also have a role; such peptides may have specific growth factor or anti¬
inflammatory actions. There is still much work to be done to define disease-specific enteral diet
formulas that are effective as therapies for both Crohn's disease and ulcerative colitis.

Enteral diet formulas: Crohn's disease: Nutritional therapy: Inflammation

There is plenty of evidence to suggest that food and nutri¬
tional factors affect immune responses in the gut.
Nutritional status, both at the macro- and micronutrient
level, affects both systemic and mucosal immunity. Early
work in our laboratory, under the auspices of the late
Professor Anne Ferguson, showed that in protein-deprived
mice there was a profound reduction in the induction of
oral tolerance (Lamont et al. 1987a,b, 1988). It follows,
therefore, that immunological functions of the gut and
nutrient intake would be particularly important in gut
disease (Ferguson, 1994). A breakdown of oral tolerance to
gut bacteria has been hypothesised as a mechanism by
which patients develop inflammatory bowel disease (IBD).
Thus, if such immune responses are profoundly affected by
nutrition, then nutritional therapy may have a role in the
treatment of IBD.
IBD can be divided into two disease patterns, Crohn's

disease (CD) and ulcerative colitis (UC), with distinct
clinical, histological and immunological features. Both
disease patterns show dysregulated cytokine balance; CD
tends to be shifted towards a T-helper 1 (pro-inflammatory)
phenotype and UC towards a T-helper 2 (anti-inflammatory)

phenotype. This distinction in cytokine phenotype between
the two disease states is not totally consistent with a T-
helper 1-T-helper 2 split. Both diseases show an increase in
inflammation of the gut mucosa, together with increased
production of the pro-inflammatory cytokine interleukin
(IL)-ip and a decrease in the anti-inflammatory cytokine
IL-1 receptor antagonist (IL-lra). Indeed, in both CD and
UC a decrease in IF-lra:IF-ip production has been
described in isolated colonic biopsies compared with those
from normal controls or patients with infectious colitis
(Dionne et al. 1998). This imbalance has been proposed as
being of pathogenic importance in IBD (Casini-Raggi et al.
1995).
The intestine is a metabolically active organ which

maintains gut function through various mechanisms, e.g.
peristalsis, secretory immunoglobulin A, mucin secretion.
Starvation, and possibly parenteral feeding, predisposes the
gut to metabolic and immunological deterioration of barrier
function, leading to the release of pro-inflammatory
cytokines and decreased gut permeability, allowing other
macromolecules to cross. Gut contents stimulate immuno¬

logical mechanisms such as intestinal immunoglobulin A

Abbreviations: CD, Crohn's disease; ED, enteral diet; IBD, inflammatory bowel disease; IL, interleukin; IL-lra, interleukin I receptor antagonist; UC, ulcer¬
ative colitis.
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production, which blocks the binding of bacteria to
epithelial cells. Enteral feeding, as opposed to parenteral
feeding, appears to maintain these mechanisms by providing
food (Donnell et al. 1998; Minard & Kudsk, 1998;
Rowlands & Gardiner, 1998).

Enteral diets in inflammatory bowel disease
There is little doubt that an enteral diet (ED) is effective in
CD, particularly in children, although there is some question
as to the clinical efficacy of ED in UC. ED are important
in re-establishing nutritional repletion in malnourished
patients. There is also some evidence that ED have some
effect on the disease activity itself, comparable with steroid
therapy, although this factor has been debated widely. A
meta-analysis (Griffiths et al. 1995) of trials comparing ED
with steroids showed that although ED was effective in CD,
it was still less effective than steroid treatment. However,
other studies have shown that ED are equally as effective
(Zoli et al. 1997). Either way, it is known that ED is a
possible alternative in those patients who may have contra¬
indications for steroid therapy in CD.

Mechanism of action

What really is not clear is the mechanism by which these
diets have their action. There is still much discussion as to

the best approach for trying to investigate such mechanisms.
Although in vivo studies are the most relevant, as regards
clinical efficacy and side effects, the actual mechanisms by
which ED have their effect are hard to deduce, mainly
because the gut is a difficult organ to study directly. Such
studies may require repeated invasive or unpleasant proce¬
dures for patients in order to define a 'before and after'
treatment effect, and subtle or transient changes may not be
detected. Thus, knowing the best way to modify ED in order
to increase clinical efficacy and reduce side effects becomes
more difficult. In vitro studies are simpler to perform but, by
their very nature of being in vitro, do not reproduce the
many factors that affect gut function, and can only inves¬
tigate defined and measurable effects such as cytokine
production or changes in expression of particular molecules.
However, in vitro studies of ED, looking at such specific
mechanisms of action, may be useful in defining macro- and
micronutrient effects on gut tissue, which can then be
assessed further by in vivo studies.

Various hypotheses as to the action of ED in IBD have
been proposed. There is still some discussion as to whether
ED has a direct effect on the gut, or whether the efficacy of
ED is due to indirect effects such as improvement in
nutritional status. In one study of ED in CD, both nourished
and malnourished patients responded equally (Gorard et al.
1993). Other researchers have found that clinical
improvement in disease activity occurred before changes in
nutritional status were detected (Teahon et al. 1995; Croft
et al. 2001), suggesting that ED has a direct effect on the
gut.

Decreased intestinal permeability has also been proposed
as a mechanism through which ED therapy may act. Clinical
improvement of CD has been accompanied by decreases
in urinary 5lCrEDTA excretion and faecal excretion of

11' In-labelled leucocytes (Teahon et al. 1991), or a decrease
in quantitative leucocyte scintigraphy (Mansfield et al.
1995). Zoli et al. (1997), in a study comparing ED with
steroids, showed a significant decrease in intestinal permea¬
bility with ED (P<0 05), but not with steroids, even though
both treatment groups went into clinical remission. Studies
from our own laboratory have also indicated a decrease in
intestinal permeability in CD patients, through decreased
protein (immunoglobulin G) loss in whole-gut lavage fluid
(Ferguson et al. 1998), after treatment with an elemental ED
for 2 weeks. This decrease in intestinal permeability was
accompanied by a concomitant decrease in IE-1 (3 levels.
These results provide further evidence that ED have a direct
effect on the gut, by changing cytokine levels, thus resulting
in decreased inflammation, which in turn leads to decreased
permeability.

Elemental or polymeric enteral diets?
More recent studies in our laboratory have begun to inves¬
tigate the possible direct anti-inflammatory effect of ED, in
an in vitro organ culture model, by monitoring changes in
cytokine production (Shand et al. 2000). Ileal or colonic
biopsies from patients with CD and UC were incubated with
ED or medium alone for 24 h. Supernatant fractions were
collected and cytokines (IL-ra, IL-lp and IL-10) were
measured by ELISA. Initial studies used an elemental
formula ED (E028; Scientific Hospital Supplies, Liverpool,
UK), in which the N source was free amino acids, as

opposed to polymeric ED, in which the N source was whole
proteins or oligopeptides. We established that the biopsies
maintained viability in culture, and we looked for changes in
IL-lra:IL-iP; an increase in the ratio would indicate a
decrease in IL-I (3 or an increase in IL-lra production, i.e. an
anti-inflammatory effect of ED in these experiments.
Results showed that an increase in IL-lra:IL-ip was
obtained in biopsies from CD patients incubated with ED,
but no changes in cytokine production were seen in biopsies
from UC patients. Further studies used ED with oligopep¬
tides (whey) or whole protein (casein) as the N source and
found that the increased IL-lra:IL-lp was not abolished.
Indeed, if anything, for casein the effect was more
pronounced. These results agree with those from clinical
studies of elemental, oligopeptide or polymeric ED, which
showed that there appears to be little difference between diet
efficacy and the N source (Griffiths et al. 1995; Mansfield
et al. 1995; Verma et al. 2000).
It has been proposed that elemental ED are effective as

they provide gut rest or a low antigen load, through
decreased protein content. However, the efficacy of poly¬
meric ED and maintenance of remission through the
supplementation of a normal diet with ED (Wilschanski
et al. 1996) bring these theories into dispute. Indeed, in
animal models too much 'gut rest', through use of parenteral
nutrition or long-term treatment with an elemental ED,
increases the likelihood of bacterial translocation or gut
atrophy (Evers et al. 1990; Serizawa et al. 1994; Xu et al.
1998). Many polymeric ED are based on milk proteins and
there is some evidence that casein and whey themselves
have direct immune modulatory functions (Wong et al.
1996; Cross & Gill, 1999).
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Modification of fat composition of enteral diets

ED, particularly those of an elemental formula, often have a
low fat content, which is another possible mechanism of
efficacy. However, studies comparing high- and low-fat ED
have found no differences in achieving clinical remission of
CD (Royall et al. 1994; Leiper et al. 2001). Although there
may be little effect by changing the amount of fat in ED,
there may be some benefit from modification of the fat
composition. We have carried out experiments in which
colonic tissues from IBD patients were incubated with ED
containing specific oils. Preliminary results indicated that
incubation of tissue from UC patients with ED containing
fish oil led to a significant increase in IL-ra:IL-lp
(P<0 05). However, for tissue derived from CD patients,
incubation with ED containing fish oil had little effect on
cytokine production profiles (Meister et al. 2001 b).

There has been much interest in dietary supplementation
with different fats in inflammatory conditions (de Pablo &
de Cienfuegos, 2000; James et al. 2000). Previous studies of
the use of n-3 dietary fats in IBD have given conflicting
results (for review, see Beluzzi et al. 2000). In UC several
studies have indicated that supplementation of ED with fish
oil may be beneficial, particularly as concomitant decreases
were seen in markers of inflammation (e.g. leukotriene B4
levels) in rectal mucosa. However, not all studies showed
significant clinical differences, possibly due to small
numbers (Lorenz et al. 1989; Asian & Triadafilopoulos,
1992; Hawthorne et al. 1992; Stenson et al. 1992). In animal
models of UC administration of n-3 fatty acids by oral and
topical enema routes indicated that reduced pathology and
decreases in leukotriene levels could be achieved (Yuceyar
et al. 1999). Moreover, there may also be a decrease in the
colonic antioxidant defence systems, which may promote
oxidative injury at the site of inflammation (Nieto et al.
1998), and thus explain the clinical results which showed
decreases in pathology or inflammation but less effect on
clinical remission rates. Although some in vivo studies have
indicated little effect of fish oil in CD (Lorenz et al. 1989;
Lorenz-Meyer et al. 1996), other studies have indicated that
fish oil may be beneficial in CD (Beluzzi et al. 1996). The
discrepancy between our in vitro results for fish oil-supple¬
mented ED on CD and UC may be due to the fact that, as
already mentioned, in vitro studies use a reductionist model,
which may not parallel effects that occur in vivo. Our studies
have only monitored one mechanism, i.e. alterations in
cytokine production, albeit an important pathogenic mech¬
anism in IBD (Casini-Raggi et al. 1995). It has been shown
that fish oil reduced production of inflammatory cytokines
from mononuclear cells (Endres et al. 1989). However,
other inflammatory mechanisms which are altered by
dietary fat intake and composition may be differentially
important in CD and UC. For example, macrophage cyto¬
toxic function has been shown to be affected by dietary fat
composition (Wallace et al. 2000), as has the antigen-
presenting function of monocytes (Hughes & Pinder, 2000),
the production of inflammatory mediators (for review, see
James et al. 2000) and cellular immune functions (for
review, see Calder, 1998).

We have also cultured colonic tissues from IBD patients
with ED containing sunflower oil, which gave significant

increases in IL-lra:IL-l(J in both CD and UC tissues
(P < 0 05 in both cases) but was not seen when tissues were
incubated with ED containing safflower oil (Meister et al.
2001a). These results indicate that substitution by other fats
in ED may be important for CD and UC therapy. Although
in these ED preparations safflower oil-substituted ED
contains more polyunsaturated fatty acids in total, the main
difference in the fatty acid composition is that the sunflower
oil-substituted ED used here contained no linoleic acid.
Linoleic acid is a precursor of arachidonic acid, which in
turn is a precursor of the inflammatory eicosanoid mediators
leukotriene B2, prostaglandin E2 and thromboxane A2, all of
which have been implicated in IBD pathogenesis. Mucosal
phospholipids derived from polyunsaturated fatty acids have
been shown to be increased in the plasma membranes of
active CD, possibly contributing to eicosanoid synthesis and
inflammation (Pereira et al. 1996). Studies from Japan have
implicated that dietary intake of n-6 polyunsaturated fatty
acids, compared with n-3 polyunsaturated fatty acids, was a
risk factor for development of CD (Shoda et al. 1996).
However, a case-control study of CD patients, both newly
diagnosed and with longstanding disease, indicated that
intake of fat (both quality and quantity) was not different
between patients and controls, but that fat metabolism in CD
patients was changed, so that different fatty acids were
present in plasma membrane phospholipids of CD patients
compared with controls (Geerling et al. 1999). In addition,
increased lipid oxidation has also been reported in CD
(Mingrone et al. 1996), indicating that increased lipid intake
may be beneficial in CD.

Bioactive peptides
Most studies of ED in IBD have concentrated on the macro-

nutrients, i.e. protein and fat content or composition. It is
possible that bioactive peptides may be important, and
should perhaps be included in ED formulas. There are
growth factors and peptides that could be very important in
the maintenance of gut integrity in inflammatory diseases,
many of which are present in colostrum (Playford et al.
2000). One such peptide is epidermal growth factor, which
stimulates intestinal epithelial cell growth. A recent study in
which patients with UC were treated with enemas
containing epidermal growth factor indicated the efficacy of
such growth factors in IBD (Sinha et al. 2001). Another
bioactive peptide is transforming growth factor-p, which
also occurs in colostrum and is known to have an anti¬

inflammatory effect on intestinal cell lines (Donnet-Hughes
et al. 2000). Its potential benefit has been borne out in a
study by Fell et al. (2000) who used a commercially
available casein-based diet, which also contained trans¬
forming growth factor-p2 in the treatment of paediatric CD
and found a decrease in pro-inflammatory cytokine mRNA
in the gut mucosa.

Conclusion

In summary, many studies have shown that ED is an
effective therapy in patients with CD. Modification of ED
with different fatty acids, bioactive peptides and, to a
lesser extent, N source may have a direct effect on the
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inflammatory mediators produced in both CD and UC, thus
increasing the efficacy of ED in both forms of IBD. Further
studies are required to ascertain how ED formulas should be
modified in ways that are disease-specific for CD and UC.
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