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Introduction

Background
It is not known when or where people started to suspect food as a cause of 
illness. Humans have probably known from the beginning that some food 
could be either toxic or curative. To support this are the histories of wise 
people, “witches”, monks, doctors etc using diets and remedies made of spe-
cial food ingredients. Hippocrates mentions the importance of diet and food 
in illness in his writings 460-375 B.C. Even in modern days we hear and 
read about all kind of diets, not only to lose weight but also to gain health 
and live well. During the 20th century research taught us more and more 
about the physiology of the gut and the interaction of the gut and food. For 
example, how we digest and absorb the nutrients in food. But research taught 
us also about the negative interactions with food, for example intolerance 
and allergy. In spite of the increased insight into these issues during the last 
decades we have very limited clinical methods to diagnose food allergy. The 
foundations of diagnostics still rely mainly on a good patient history and 
observation of the patients’ reactions to food, elimination and challenge.1

One of the exceptions to this has been the diagnostics of coeliac disease, a 
disorder characterized by loss of tolerance to specific dietary peptides in 
wheat, barley, rye and probably oats. The diagnosis of coeliac disease relies 
mostly on histological changes in the mucosa of the small bowel before and 
after gluten free diet.2 Taking jejunal biopsies with “Watson’s capsule” or 
during endoscopy is not always well tolerated. In children and in selected 
adult cases it is done under general anaesthesia. A search for simpler meth-
ods has resulted in various serological markers3 and in the late eighties rectal 
challenge was introduced.4 In these initial studies of rectal challenge with 
gluten, biopsies were used for analysis.4-6 Taking biopsies and evaluating the 
histological inflammatory mucosal changes is a well established technique in 
coeliac disease. But taking biopsies is invasive and the procedure presented 
by Loft and colleagues for evaluation of rectal mucosal biopsies also needs a 
controlled morphometric technique for the measurement of intra-epithelial 
lymphocytes (IEL), a technique that demands computerized image analysis, 
which is not always available.6 During the late eighties studies were done on 
inflammatory bowel disease and coeliac disease with the perfusion tech-
nique.7,8 The advantage of intestinal and colonic perfusion techniques over 
morphological and immunohistochemical studies of biopsy specimens is that 
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they allow quantitative evaluation of the release of humoral substances and 
cells in the diseased gut mucosa. For research purpose, on smaller popula-
tions, the perfusion technique is unique, but for large clinical studies we 
have recognized the need for a more simple method that is safe, fast and 
inexpensive, none the less still reliable for assessing inflammation of the gut 
mucosa. A method that could be used to evaluate mucosal reaction to food 
proteins in coeliac disease as well as in other food hypersensitivity reactions, 
would be important. 

Gut immune system 
The gastrointestinal tract is the site where the divergent needs of nutrient 
absorption and host defence meet. It is therefore not surprising that most of 
the immunological cells of the human body are presented here. The first line 
in our defense is the gut epithelial barrier, which cannot completely prevent 
luminal antigens from entering the tissues despite of the tight junctions be-
tween mucosal epithelial cells. Antigen and bacteria are allowed to cross the 
barrier through openings/gaps in follicle associated epithelium that overlies 
the organized lymphoid tissue9 or they are sought/caught by specific immune 
cells like the antigen presenting dendritic cells and the specific epithelial M-
cells.9 The gut epithelium itself can also directly sense through receptors, 
nucleotide-binding oligomerization domain molecules from commensal bac-
teria and pathogens and alert the host of an infection.10 Thus, the barrier is a 
highly dynamic structure that limits but does not exclude pathogens and 
antigens from entering the tissues. It samples gut antigens (like food and 
bacterial proteins) for recognition, tolerance or protection.  

A very specific equilibrium exists between the immune system, gut wall 
and the gut bacteria. This equilibrium is tightly regulated to prevent exces-
sive immune responses to foods and gut bacteria. Many immune cells in and 
beneath the barrier are involved in this control process of recognition, toler-
ating and defending. The immune cells seen in the normal epithelium and 
lamina propria of the gut are T-lymphocytes, macrophages, eosinophil 
granulocytes, mast cells and IgA and IgM antibody producing plasma cells. 
Many of our important gastrointestinal disorders such as Crohn’s disease and 
coeliac disease are thought to involve disturbance of this fundamental im-
munological equilibrium of the gut.11 The immune responses seen after con-
tact with an external agent are divided into two main types, the adaptive and 
the innate system. 

The adaptive immune system comprises the B- and T- Lymphocytes who 
are able to memorize an encounter/meeting with a microbe/antigen and thus 
adapt to be ready for the next encounter with this same agent in the future, 
including antibody production. As identification and production of proteins 
etc is needed in this process it takes several hours to start the system. 
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Various human cells present a peptide sequence, the human leukocyte an-
tigens (HLA), to enable T-lymphocytes to recognize antigen and discrimi-
nate self from non-self. Unlike B-cell receptors on B-lymphocytes that are 
able to directly bind peptide sequences on antigens, the T-cell receptors of T-
lymphocytes can only recognize the peptide sequence after they are bound to 
HLA molecules. Susceptibility to many autoimmune disease are associated 
with inheritance of specific HLA genes. Examples of diseases with strong 
association to certain type of HLA molecules are type 1 diabetes, ankylosing 
spondylitis and coeliac disease.12

The innate system on the other hand is the part of the immune system in 
mammals that acts directly when there is an invasion of microbes, long be-
fore the adaptive system starts to react. It serves as a first line of defence and 
alerts the adaptive system.13 Unlike the adaptive system the innate system 
does not recognize a specific peptide but rather structures or patterns that 
identify the “enemy”. The innate immune responses involve neutrophils, 
monocytes, macrophages, basophils, mast cells, eosinophils, natural killer 
cells and molecules such as complement proteins, acute phase proteins, and 
cytokines.13

Humoral inflammatory mediators in gut and their use as markers 
of activated granulocytes 
In an inflammatory reaction, innate or adaptive, a cellular infiltration occurs 
involving a mixture of polymorphonuclear leucocytes, macrophages, lym-
phocytes and plasma cells. Different mixtures of cells are seen in different 
inflammatory diseases. These cells are recruited and activated by a signalling 
system that consists of soluble mediators, released by the cells in the in-
flammatory process itself. Examples of the humoral mediators well known 
today are granulocyte granule constituents, cytokines and eicosanoids but 
new mediators are still being recognized.14

In our studies we have focused on analysis of some humoral mediators 
such as myeloperoxidase (MPO), human neutrophil lipocalin (HNL), eosi-
nophil cationic protein (ECP) and histamine known to be released in in-
creased amounts in the gut epithelial mucosa during an inflammatory proc-
ess in the gut.15-17 Granulocyte mucosal infiltration is a prominent feature in 
many inflammatory processes in gastrointestinal diseases like Crohn’s dis-
ease and ulcerative colitis (UC) but it is also known to be found in gut in-
flammation in coeliac disease.7,17

Markers of neutrophils 
Neutrophils, the most abundant of the circulating white blood cells, can in-
gest and kill invading microorganisms. Central in this functional role are the 
neutrophils granule compartments and the granule constituent proteins. Dur-
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ing the migration to the place of invasion (diapedesis) and during the phago-
cytosis (ingestion), granule proteins, reactive oxygen and nitrogen species 
are released into the extracellular space. The neutrophils can also secrete 
their agents in large quantities into the extracellular space if the target is too 
big to be engulfed or if it somehow avoids phagocytosis. This results in an 
effect not only on the target but also on adjacent tissues.18

The two major types of granule in neutrophils are a) the azurophil and b) 
the specific granules. An example of the azurophil granule proteins is MPO. 
It is often used as a marker protein of neutrophils. However, it is not com-
pletely specific for neutrophils. MPO is known to catalyse the interaction of 
H2O2 with CL- to form hypochlorus acid (HOCL), which is very toxic for a 
broad range of microorganisms.18 The specific granule contains a wide vari-
ety of different components with largely unknown functions. One of these is 
the HNL (also called NGAL) and is thought to be more specific for neutro-
phil activation in bacterial infections and inflammatory disease when neutro-
phils are involved.19

Markers of eosinophils 
The eosinophil granulocytes are white blood cells that are produced in the 
bone marrow and enter the blood stream before they migrate into the tissue. 
Eosinophils are in the migrated mature form mainly found in the gastrointes-
tinal tract. Their main beneficial function is to defend the host against para-
sitic helminths.20 The activated eosinophils are able to phagocytose particles 
and are known to have the capacity to present antigen to lymphocytes.21

They probably also take part in regulating lymphocytes, but their main kill-
ing mechanism is the release of toxic granule proteins and production of 
oxygen free radicals.22 In the absence of parasites activated eosinophils may 
cause tissue destruction and inflammation. Activated eosinophils release four 
cationic proteins: ECP, eosinophil protein X (EPX), eosinophil peroxidase 
(EPO) and major basic protein (MBP). The first three are considered to be 
specific for the eosinophils23 and are therefore often used as a marker for 
these. Eosinophil accumulation in the gastrointestinal tract is seen in numer-
ous gastrointestinal disorders, including IgE-mediated food allergy, eosino-
philic gastroenteritis, inflammatory bowel disease (IBD), eosinophilic 
esophagitis and gastroesophageal reflux disease.22 Eosinophils represent a 
small percentage of the total leukocytes seen in IBD but their increased level 
is thought to be a negative prognostic indicator.24 However, a recent report 
showing high concentration of activated eosinophils in inactive ulcerative 
colitis suggests that the eosinophils may also play a role in the repair of in-
jured epithelium.25

Marker of mast cells and basophils 
Basophils are normally confined to the circulation and are not found in nor-
mal tissue but can infiltrate the site of allergic inflammation.26 Mast cells on 
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the other hand are resident in tissues throughout the body but are most com-
mon at sites that are exposed to the external environment such as skin, air-
ways and intestine. The mast cells share many features with other innate 
immune effector cells, such as neutrophils and macrophages. Mast cells are 
endowed with unique effector’s capabilities and activation responses that 
initiate innate immunity to bacteria and are essential to host defence against 
helminthic parasites.27 They are though mostly known as the major effectors 
of type I hypersensitivity. But during the last 2-3 decades it has become clear 
that the mast cell also participates in a number of disease processes in vari-
ous tissues.28 Mature mast cells contain numerous basophilic granules in its 
cytoplasm and upon activation they can release mediators to fullfill biologi-
cal functions. Among the many mediators in mast cells is histamine.29 His-
tamine has a potent effect on vascular permeability and has been implicated 
in many of the symptoms of acute allergic reaction. As only mast cells and 
basophils contain histamine in man, histamine can be used as a marker for 
these cells.

Nitric oxide as a marker of inflammation 
Nitric oxide (NO) was revealed as a biological agent of great importance at 
the end of the twentieth century. Since then, the field of research of NO has 
been growing and NO is now regarded to be involved in many systems of 
the body. NO is a colourless gas with certain instability but in ambient air 
with 21% oxygen, gaseous NO in biological relevant concentrations (10-
10000 ppb), is rather stable.30 In contrast, NO in solution is much less stable 
31 and in vivo the half-life is further reduced by scavenger proteins.32 Nitric 
oxide is synthesized from L-arginine by the enzyme nitric oxide synthase 
(NOS), which exists in three isoforms, NOS I (also known as nNOS), NOS 
II (also known as iNOS) and NOS III (also known as eNOS) 33. NOS II is 
the major inducible isoform and may become activated as part of immune 
and inflammatory responses and produces great amounts of NO as long as 
the enzyme is activated. Increased luminal NO concentration in the small 
intestine has previously been reported in patients with untreated coeliac dis-
ease,34 IBD35 and microscopic colitis.36 Nitric oxide production is thus a part 
of the inflammatory process but its role in the inflammatory process is un-
certain. Some studies indicate a protective role37 and others a harmful 
role.38,39
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Methods to evaluate gut inflammation 
Our knowledge about the events in various diseases, including coeliac dis-
ease, has long been derived from morphological and immuno-histochemical 
studies of biopsy and surgical specimens from affected gut areas.40-42 In al-
most all the diseases of the gut there has been a search for an easier way to 
evaluate the reaction/inflammation in the gut mucosa. In the last two to three 
decades new techniques have been evolved and utilized. The rectal dialysis43

and rectal/colonic perfusion techniques44 have provided important informa-
tion about the involvement and activity of various inflammatory cells in 
inflammatory diseases of the gut,15,43,45 but these methods are relatively 
complicated and are therefore mainly used as research tools.  

While the main inflammatory attack on the gut mucosa resulting from ex-
posure to gluten is seen on the proximal intestine, immune cells reactive to 
gluten antigens appear to be distributed along the mucosa of the entire gastro-
intestinal tract.4,46,47 As the rectum is a site of easy access for investigation, its 
response to local gluten challenge has been evaluated in multiple mucosal 
biopsy samples. Such studies have shown that in coeliac disease the rectal 
mucosa is sensitized to gluten, and they have also elucidated the dynamics of 
the rectal epithelial lymphocyte and leucocyte responses to gluten.4,5,48-52 On 
the basis of these observations, rectal gluten challenge with mucosal biopsy 
has been proposed for diagnostic purposes.6 However, the histopathological 
pattern in the biopsy specimens may be difficult to define clearly, and at best 
only in semi-quantitative terms. Hence, the findings regarding the diagnostic 
value of rectal gluten challenge have been conflicting.53

The advantage of intestinal and colonic perfusion techniques over mor-
phological and immunohistochemical studies of biopsy specimens is that 
they allow quantitative evaluation of the release of humoral substances and 
cells in the diseased gut mucosa.44,54 However, for large clinical studies we 
have recognised the need for a simpler method that is safe, fast and inexpen-
sive, but still reliable for assessing inflammation of the gut mucosa.  

Food hypersensitivity
According to the position papers on nomenclature for allergy from the Euro-
pean Academy of Allergy and Clinical Immunology (EAACI) food hyper-
sensitivity includes any adverse reaction resulting from the ingestion of food 
(Figure 1). It might be the result of food allergy involving an immunologic 
reaction or it might be a result of a non-allergic food hypersensitivity (for-
merly called food intolerance).55,56 Non-allergic food hypersensitivity is an 
adverse response caused by some physiological characteristic of the host, 
including metabolic disorders such as lactase deficiency (lactose intoler-
ance). Food allergy on the other hand is an adverse immunologic reaction 
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that is due to IgE or non-IgE mediated immune mechanism. Toxic reaction 
to food containing contaminants (e.g., histamine in tuna fish poisoning) or 
pharmacological substances within food (e.g., tyramine in aged cheeses) can 
mimic food hypersensitivity and make the diagnose more difficult. Food 
aversion can also cause difficulties in diagnosing food hypersensitivity. It is 
a psychologically based food reaction that comprises both psychological 
avoidance, in which the subject avoids food for psychological reasons, and 
psychological intolerance, which is an unpleasant bodily reaction caused by 
emotions associated with food, rather than the food itself. Food aversion can 
not be reproduced in blind or double blind food challenges.1,55,57

Approximately 20% of the industrialized nations populations report an 
experienced adverse reaction to food.58 According to the available tests only 
about one third of the reactions in children and one tenth of those seen in 
adults are proven to be allergic reactions. Therefore, confirmed allergy has a 
prevalence of 6-9% in children and 1-2% in adults.1

Enzymatic

Adverse reaction to food

Toxic Non-toxic

Food allergy Food-intolerance

Pharmacologic

Undefined

(Non-immune mediated)(Immune mediated)

IgE Non-IgE

Psychological mechanism  

Figure 1. Classification of food hypersensitivity according to EAACI (European Acad-
emy of Allergy and Clinical Immunology.)55 

IgE mediated hypersensitivity (also referred as type I) is probably the best 
characterized reaction to food. In selected individuals with an immediate IgE 
mediated food allergy there is a delayed reaction with enhanced cell infiltra-
tion of tissues with inflammatory cells and subsequent tissue damage. This 
kind of delayed reaction and other reactions involving cell infiltration is 
thought to be the main mechanism in non-IgE allergy. Non-IgE allergy/cell 
mediated reactions are believed to play the main role in milk and soy protein 
enteropathies, and in coeliac disease (gluten enteropathy).  



16

Coeliac disease 
Coeliac disease was probably first described by Aretaeus, a Greek physician 
from Cappadocia who practiced in Rome and Alexandria in the beginning of 
the second century AD. The Greek word “koiliakus” used by Aretaus origi-
nally meant “suffering in the bowels”.59 Aretaeus described a problem state, 
the “coeliac diathesis” which means “large/distended belly”.60 In 1888 Sam-
uel Gee, a physician in London, described the “coeliac affection” and recog-
nized that the diet was the main part of the treatment. However, he did not 
recognize the specific harmful effects of cereals. This was first revealed in 
1950 when W.K. Dicke, a Dutch paediatrician, defended his thesis; “Coeliac 
disease. Investigation of the harmful effects of certain types of cereals on 
patients suffering from coeliac disease.” The fact that cereals had a role in 
the pathogenesis of the disease was thereby clarified.61 The next important 
advance in the diagnosis of coeliac disease was made 1956 when the per oral 
jejunal biopsy was introduced.62 Since then the histological, clinical and 
epidemiological facts of the disease have been revealed themselves step by 
step.

Coeliac disease is a food allergy with permanent intolerance to wheat glu-
ten and related proteins in barley and rye. Most patients seem to tolerate 
proteins in oats63 but recently a few reports indicate that some coeliac patient 
might react to these as well.64,65 The typical proximal intestinal inflammation 
leads to destruction and eventual loss of absorptive surface (villous atrophy) 
and potentially consequences of malabsorption. However the expression of 
the disease is very complex with multifactorial etiology involving both ge-
netic and environmental factors. The chronic inflammation of coeliac disease 
has an autoimmune component signified by disease specific autoantibodies 
to tissue transglutaminase and the disease may be defined as a state of 
heightened cell-mediated and humoral reactivity to prolamin peptides in 
genetically predisposed individuals.66

Genetics  
A high prevalence rate (10% of coeliac disease) among first degree relatives 
of patients with coeliac disease indicates a strong genetic influence on sus-
ceptibility to develop the coeliac disease. The strong genetic influence in 
coeliac disease is further supported by a high concordance rate in monozy-
gote twins.67 During the last decades research has been done to identify the 
genes involved in the pathogenesis of coeliac disease. Both human leucocyte 
antigen (HLA) and non HLA genes are known to be important and that these 
genes shape the immune response to gluten so that immunopathology is pro-
duced in the intestine. Available data suggests that susceptibility to develop 
coeliac disease is primarily associated to two conventional peptide-
presenting HLA DQ molecules on antigen presenting cells: i.e. peptides 
named DQ2 and DQ8. About 90-95% of the patients with coeliac disease are 
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HLA DQ2 and the remaining are HLA DQ8.66 The DQ2 and DQ8 molecules 
bind gluten peptides that after specific deamination become good peptide 
ligands for DQ2 and DQ8. However, DQ2 is demonstrated in 25-30% of 
healthy controls, which indicates that additional factors determine the devel-
opment of coeliac disease.68

Gluten, gliadin and related protein 
The proteins collectively known as gluten are the proteins known to be left 
when starch has been removed from the grain. Gliadin is the alcohol soluble 
protein fraction of gluten and is the part that contains the most harmful pro-
teins to those susceptible to coeliac disease.69 In rye the toxic alcohol soluble 
storage prolamins are called secalin and in barley hordein. In oats the prola-
mins (avenins) are thought to be harmless but as mentioned before this might 
not be the case for all coeliac patients and perhaps the presumptive harm-
lessness reflects the reduced amount of prolamins in oats, which represent 
only 5-10% of the storage proteins in oat compared with 50 % in wheat.70

Another explanation could be that oat is not as closely related to wheat as 
rye and barley and therefore might be less toxic.71 The relations of different 
cereals are illustrated in figure 2. 

The grass family
Gramineae(poaleae)

Festucoideae Panicoideae

Triticeae Aveneae Oryzeae Andropogoneae Paniceae

Wheat  Rye   Barley Oat Rice Corn Sorghum Millet

Figure 2. Illustration of the relationship of different cereals71,72
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Histopathology and mechanism in coeliac disease 
As mentioned above coeliac disease is an enteropathy that develops in ge-
netically susceptible individuals upon exposure to dietary gluten. The classi-
cal lesion involves villous atrophy, crypt cell hyperplasia, lymphocytic infil-
tration of the epithelium and increased density of various leukocytes in the 
lamina propria.73 Marsh was the first to suggest a sequence of progression in 
the coeliac lesion. 74 The initial event observed (stage 1) is an increase in 
intraepithelial lymphocytes, followed by infiltration of the lamina propria 
with lymphocytes. This is followed by a crypt hyperplasia (stage 2) preced-
ing the well known villous atrophy of the intestinal mucosa in coeliac dis-
ease (stage 3). But the mechanism by which gluten and the inflammatory 
cells exert their damaging effect on the mucosa is still unclear. Even the role 
of autoantibodies has been questioned.68 With today’s knowledge a sugges-
tion of patho-mechanisms seen in the coeliac reaction is shown in Fig 3. 
Wheat gluten or similar prolamins are stable to digestion due to their content 
of proline75 and can therefore be presented to the immune system of the gut 
when the permeability of the mucosa is increased. This is seen in small intes-
tinal infections or after chemical injury.76 Such injury also results in a local 
release of the intracellular enzyme, tissue transglutaminase (tTG). This en-
zyme comes mainly from fibroblasts and endothelial cells77 and has a key 
role in the maintenance of tissue stability (cross-links several matrix proteins 
and thus stabilizes the scaffold of connective tissues).78 Transglutaminase 
crosslinks and deamidates gluten and thus enhances the binding of gliadin 
peptides to the HLA DQ2 and 8 molecules on leucocytes. This enhanced 
attachment seems to intensify T-cell activation and therefore a greater T-cell 
response to gluten in subjects with this susceptibility.66 Professional antigen 
presenting cells (B-cells, macrophages and dendritic cells) present gliadin, 
deaminated gliadin and gliadin-tTG complexes on the HLA molecules to 
gliadin specific T-cells. These T-cells stimulate B cells to produce antibodies 
to gliadin, gliadin-tTG complex and to the tTG itself. The autoantibodies to 
tTG are very specific for coeliac disease and have been used as a diagnostic 
tool.79 but their role in the mechanism of mucosal damage is still unclear. 

Activated T-cells also stimulate production of cytokines which leads to 
damage of the mucosa and villi, resulting in enteritis with an increase in 
inflammatory cells, fibroblasts and endothelial cells. These cells then release 
and activate tTG and with the presence of gliadin protein leads to a new ac-
tivation and a viscious circle ensues, as long as there is an intake of gliadine 
or similar prolamines. A pathophysiological mechanism in coeliac disease is 
thus mainly dependent on an activation of T and B lymphocytes, an activa-
tion of the adaptive immune system. However, findings of recent studies 
have shown that a fragment of gliadin has the ability to induce an activation 
of the innate immune response as well. Such activation seems to dictate the 
type and intensity of the immune adaptive response controlled by pathogenic 



19

CD4+ lamina propria cells.80 This is congruent with the theories of a danger 
signal. The theory is that the mere recognition of the HLA bound-antigen is 
not sufficient to induce a protective T-cell immune response. T cells have to 
recognize antigen in the presence of an activated innate immune system.81 In 
coeliac disease that would be an infection or a chemical reaction to a sub-
stance

APC

HLA-DQ2/8

T

Mucosal damage,
crypt hyperplasia,
villous atrophy

MPO,HNL

ECP

Chemokines

NO
production

Dietary gliadin +
Increased permability

Gliadin crosslinking and 
deamidation by tTG

T
T

B

BB
B

Tcyt

TT

Fibroblasts

Anti Gliadin Antibodies
Anti Transglutaminase Ab

CD4+

Plasmacells

Tcyt

?

Th1

Th2

Neutrophils

Eosinonphils

?

Tissue transglutaminase
Gliadin

Figure 3. A suggestion/illustration of the pathophysiological mechanisms in coeliac 
disease. Gliadin reaches the lamina propria, especially when the permeability is 
increased after infection, chemical or mechanical stress. Tissue transglutaminase is 
then released and activated. Crosslinking and deamidation of gluten peptides creates 
potent immunostimulatory epitopes presented via HLA-DQ2 or DQ8 on antigen 
presenting cells (APC). These cells activate CD4+ T-lymphocytes (T) which leads to 
either an antibody production (activation of B-cells (B)) or to an inflammation and 
remodelling of the mucosa. Chemochines from the activated lymphocyte also acti-
vate neutrophils and eosinophils who take part in the inflammatory reaction. Nitric 
oxide (NO) is produced in the gut mucosa but its role is not known.  

Epidemiology
The “coeliac iceberg” is a phenomenon or a model illustrating the epidemi-
ological understanding of this disease and its multi-factorial etiology men-
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tioned above (Figure 4.). The tip of the iceberg (the visible part) is patients 
who are diagnosed because of their symptoms and sometimes called “active 
disease”. Beneath the surface there are individuals who are diagnosed in 
population screening studies and are asymptomatic or have very mild symp-
toms, also called “silent disease”. Beneath this group in the iceberg there are 
individuals with susceptibility to develop coeliac disease, the group of pa-
tients with “latent disease”. On the bottom, but perhaps the largest group are 
those people having the heritage but who never will develop the disease. The 
environmental factors that influence the change from having the susceptibil-
ity to silent or active disease are not known. The disease is primarily a dis-
ease in Caucasians.73 and until some years ago the disease was thought to be 
mainly a disease seen in Europe.82 Reported prevalence of disease with overt 
symptoms varies enormously in the population of Europe and USA. Espe-
cially high prevalence has been reported from countries such as Sweden83,84,
Ireland85 and Italy.86 New studies assessing the prevalence by biopsy exami-
nation of individuals identified by antibody screening (tTG and EmA) have 
however demonstrated surprisingly similar prevalence rates; about 1:120-
1:400 throughout Europe, Asia59 and America.87 In one country after another 
a “coeliac iceberg” is found and health care professionals throughout the 
world are becoming increasingly aware of the disease.  

Latent coeliac disease 
with normal mucosa

Silent coeliac disease
with damaged mucosa

Individuals with 
genetic 
susceptibility
HLA-DQ2/8

Active coeliac disease
with damaged mucosa

Individuals with 
heritage but never have 
coeliac disease

Figure 4. The “iceberg” is an illustration of the different clinical manifestations of 
coeliac disease and its genetic predisposition. The iceberg model explains different epi-
demiological data seen in the world. The patients diagnosed because of symptoms being 
the iceberg above sea level and defined as active disease. Below the water level are the 
patients with genetic susceptibility that are diagnosed in screening of relatives or in 
studies. These patients are referred to as having silent disease. The lowest part of the 
iceberg consists of the patients with latent coeliac disease that will later present with a 
silent or active coeliac disease or individuals that never will have the disease but have the 
genetic susceptibility.  
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Antibodies
Because of the invasive nature of the diagnostic procedure and the large 
spectrum of non-specific symptoms (from none to an extensive malabsorp-
tion) there has been a need for a non-invasive screening marker or a test that 
is less demanding for the patients and the investigator. Various serological 
markers have been studied and proposed for this purpose. First to be discov-
ered and proposed for use in diagnosing coeliac disease was the presence of 
anti-gliadin antibodies (AGA)88-90 but later studies showed low sensitivity 
and specificity91-93; 94. In 1983 Chorzelski et al described anti endomysium 
antibodies (EmA) .95 EmA in studies has shown a relatively good sensitivity 
and very good specificity.96-99 Tissue transglutaminase (tTG) as EmA´s 
autoantigen was discovered in 1997.100 Auto-antibodies to tTG of IgA and G 
types have been found with similar sensitivity and specificity as EmA.79

EmA and tTG antibodies offer a high sensitivity and specificity but the sen-
sitivity of these tests appears to be lower than reported when milder his-
tologic grades are used to define CD (below 90%).101 Also patients with 
coeliac disease and IgA deficiency will be missed using these IgA based 
tests. The nearly perfect negative predictive value reported of these tests 
would therefore drop. Furthermore, the positive predictive value (PPV) of 
the test is likely to be lower than reported when the tests are applied to low-
prevalence populations as many of the studies on sensitivity and specificity 
are made in high prevalence population. This is important because the pro-
portion of patients who would undergo unnecessary further testing will rise 
if PPV falls. Therefore, confirmatory biopsy still plays an important role in 
the diagnosis of coeliac disease and serological tests have not become the 
solution to the practical problem of the diagnostic procedure as once hoped. 
Serological tests do support the diagnosis and have given us a practical tool 
for screening and for the selection of asymptomatic relatives requiring fur-
ther investigation with duodenal biopsies. 

Diagnostic criteria of coeliac disease 
Several studies have shown that there is a significant delay (often many 
years) between initial onset of symptoms and the diagnosis.102 The single 
most important step in diagnosing coeliac disease is to first consider the dis-
order by recognizing its great variation in clinical presentation. Coeliac dis-
ease is characterized by a gluten-induced inflammatory reaction in geneti-
cally predisposed subjects. After continuous contact with gluten, crypt hy-
pertrophy and villous atrophy develop. The jejunal histological changes re-
main the cornerstone for the diagnosis of coeliac disease. However, in some 
patients the biopsy specimens obtained from the jejunum show only minimal 
changes (Marsh type 1) making the diagnosis of coeliac disease difficult and 
reserved to experienced pathologists. Thus there is a wide spectrum of clini-
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cal features, laboratory and histopathologic findings. We need a combination 
of these to help us in diagnosing coeliac disease.  

The European Society of Pediatric Gastroenterology and Nutrition (ESP-
GAN) proposed the first criteria in 1969, this was then confirmed and re-
fined slightly in 1978.103 The criteria proposed comprised three small bowel 
biopsies. One biopsy was taken on gluten diet showing classical histological 
damage in small bowel mucosa. A second biopsy taken after gluten free diet 
was supposed to confirm a healing of the mucosa and the third and last bi-
opsy was taken after challenge with gluten confirming it as the cause of the 
findings.

In 1990 ESPGAN revised the criteria.2 The requirements then included 
the characteristic histological changes of the mucosa before diet with disap-
pearance of symptoms after gluten elimination. New biopsy or gluten chal-
lenge is not mandatory but should be used in cases where there are doubts 
about the diagnosis or when patients do not have any symptoms to improve 
(silent coeliac disease). Serological tests with increased AGA or EmA before 
gluten free diet which then decreased after diet, were considered supportive 
of the diagnosis. These criteria are still used with some small adjustments 
(using tTGA instead of EmA). 

Rectal provocations 
As described above the diagnosis of coeliac disease still relies on the histo-
logical changes in intestinal mucosa but studies of intestinal mucosal in-
flammation are limited by the relative inaccessibility of most of the small 
intestine. While the main inflammatory attack on the gut mucosa resulting 
from exposure to gluten is seen in the proximal intestine, immune cells reac-
tive to gluten antigens appear to be distributed along the mucosa of the entire 
gastrointestinal tract.4,46,47 As the rectum is a site of easy access for investiga-
tion, its response to local gluten challenge has been evaluated in multiple 
mucosal samples. Such studies have shown that in coeliac disease the rectal 
mucosa is sensitized to gluten, and they have also elucidated the dynamics of 
the rectal epithelial lymphocyte and leucocyte responses to gluten.4,5,48-52 On 
the basis of these observations, rectal gluten challenge with mucosal biopsy 
has been proposed as a diagnostic tool.6 However, the histopathological pat-
tern in the biopsy specimens may be difficult to define clearly, and at best 
only in semi-quantitative terms. Hence the findings regarding the diagnostic 
value of rectal gluten challenge have been conflicting53 and very few clinics 
have adapted this technique in their diagnostic routine. 

Clinical feature
The clinical manifestations in coeliac disease are highly variable. It may 
present at any age and can involve any of the organ systems. On the extreme 
end of the clinical spectrum is the patient with classical symptoms, ex-
tremely malnourished with diarrhoea and weight loss, and at the other end is 
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the symptom-free patient that is diagnosed by accident in a health screening 
program. Table 1 illustrates the most common symptoms in coeliac disease. 
It is widely accepted to divide coeliac disease into classic (diarrhoea pre-
dominant) and the silent type of coeliac disease. The silent group includes 
truly asymptomatic patients and those with atypical presentation (like osteo-
porosis) and presenting only with complications or consequences of the in-
flammation and villous atrophy. The symptoms in coeliac disease can be 
attributed to three main reasons. First there are direct consequences of in-
flammation and architectural changes in gut mucosa. Examples of this are 
symptoms of diarrhoea and abdominal pain causing IBS-like symp-
toms.104,105 Secondly symptoms can be explained by secondary consequences 
of the morphological changes in the small intestine causing malabsorption of 
vitamins and nutrients. Examples of these are the most common symptoms 
in coeliac disease, tiredness and lethargy that partly can be caused and ex-
plained by iron deficiency or folate deficiency often seen in the coeliac pa-
tients.106 Other symptoms which are more infrequent and harder to relate to 
the GI tract are the neurological symptoms, like peripheral neuropathy107,
problem with concentration, ataxia,108 depression etc that might be caused by 
deficiencies of B-vitamins. The reason for symptoms in extra intestinal or-
gans in coeliac disease may be ascribed to toxic or immunological reactions. 

Table 1. Some of the clinical manifestations of coeliac disease109

Gastrointestinal Non-gastrointestinal 
Chronic diarrhoea Anaemia 
Steatorrhoea Fatigue  
Weight loss Folate and /or iron deficiency 
Failure to thrive Infertility 
Vomiting Dementia 
Dyspepsia Neuropathy 
Elevated transaminases Ataxia 
Recurrent pancreatitis Tetany 
Constipation Osteoporosis 
Heme positive stools Arthralgia 
Bloating Osteomalacia 
Abdominal pain Dermatitis herpetiformis 
Enteropathy-associated T-cell lymphoma Seizures 
Duodenal obstruction Depressions 
 Enamel defects 

Associated diseases 
To complicate the clinical manifestation of the disease there are many asso-
ciated diseases or conditions to coeliac disease. Among patients with coeliac 
disease 30% may have at least one associated autoimmune disease;110,111 this 
compares with 3% in the general population.112 Examples of these autoim-
mune conditions are type 1 diabetes, thyroiditis and Sjögren’s syndrome113.
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Other associated diseases are IgA nephropathy, genetic disorders like 
Down’s syndrome,114 intestinal lymphoma, adenocarcinoma of the small 
intestine115 and neurological diseases like cerebellar ataxia.116 Associated 
gastrointestinal diseases such as the microscopic colitis and patients with 
persistent or recurrent diarrhoea should have colonic biopsies taken to rule 
out coexisting collagen colitis.117

Management of coeliac disease and persistent or recurring symptoms 
The only true treatment of coeliac disease is a gluten free diet for life. To 
achieve full compliance complete information and consultation with a skilled 
dietician is needed. Many patients have problems with identifying gluten 
containing foods. In the simplest terms a gluten free diet is defined as a diet 
that excludes wheat, rye, barley and in some cases oat. This is not as easy as 
it sounds. Ingredients are not always declared properly and trace amounts 
and contamination can be a problem in some cases. But even with good 
knowledge and technical equipment the strict definition of gluten free diet 
remains controversial around the world. The reason for this is a lack of accu-
rate laboratory methods to detect gluten in food and lack of scientific evi-
dence for what constitutes a safe amount of gluten ingestion. According to 
the WHO/FAO Codex Alimentarius, gluten free diet is food containing up to 
0.3% of protein from gluten-containing grains and probably this is adequate 
for most patients.118 Symptoms have though been reported by some coeliac 
patients after prolonged consumption of small amounts of gliadin118,119 and 
there is a variation in sensitivity to gluten in patients.120 Resolution of symp-
toms may take up to 3-6 months and complete healing of the mucosa even 
longer, especially in the elderly.  

In spite of strict gluten-free diet a considerable fraction of adult patients 
with coeliac disease do not normalise the small intestine mucosa.121 The 
most common reason for this is as mentioned above compliance problems in 
adhering to lifelong strict gluten-free diet. But there are coeliac patients who, 
in spite of good compliance and a strict gluten free diet, still have abnormali-
ties in histopathologic appearances on a new biopsy.122 In these patients it is 
very important to rule out alternative causes for the enteropahty such as in-
fectious diseases (tropical sprue or giardiasis etc), toxic damage of mucosa 
by drugs (NSAID) or alcohol etc. Non-gluten food intolerance should also 
be considered in at least children.121,123 Only few studies have focused on 
non-gluten dietary intolerance in celiac patients and much of what is written 
and stated is based on clinical experience and case reports. Many physicians 
may though recommend elimination of cow’s milk protein or soy protein 
when their patients with coeliac disease do not recover on a strict gluten free 
diet.124,125
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Milk protein allergies/intolerance 
Cow’s milk (CM) has a high nutritional value and is one of the most com-
monly consumed foods worldwide. Nevertheless, adverse reactions to CM 
are frequently reported and are mostly attributed to lactase deficiency or 
allergy to CM proteins.126 As with food allergy in general (see above), CM 
allergy may be divided into IgE-mediated and non-IgE-mediated food al-
lergy, the latter mainly type III and IV immune reactions. Most often allergic 
reactions to CM proteins have been attributed to an IgE-mediated mecha-
nism, at least in childhood.1 A typical clinical history, a positive skin prick 
test and/or increased IgE antibody levels to milk proteins may support the 
diagnosis.127 Non-IgE food allergies are more difficult to evaluate, both 
clinically and in the laboratory and require procedures with food elimination 
and food challenges.1,128 Coeliac disease is the best characterized non-IgE 
food allergy with a food protein-induced enteropathy. Cow’s milk protein 
may also induce a non-IgE enteropathy, which is considered to be a transient 
condition in early childhood but may persist or manifest itself in older chil-
dren.129 The histopathological features of the small intestine in coeliac dis-
ease are often prominent, while the histological inflammatory findings in 
CM protein-sensitive enteropathy are more discrete, with normal villous 
architecture.129,130 Very little is known about non-IgE food allergy in adults.  
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Aims of present investigation 

The aims of these studies were to develop and evaluate a new technique to 
characterize rectal local inflammatory process after rectal food challenge in 
patients with coeliac disease. 

Specific aims were: 

– to develop and evaluate a new technique, the mucosal patch technique, 
from a methodological point of view for studying humoral inflammatory 
mediators from various cell populations in rectal mucosa.  

– to elucidate the dynamics of the rectal inflammatory response to rectal 
gluten challenge in patients with coeliac disease by using the established 
perfusion technique combined with the new mucosal patch technique to 
measure inflammatory mediators released by activated neutrophils, eosino-
phils and mast cells/basophils.  

– to elucidate the dynamics of NO production induced by rectal gluten 
challenge and the relation between NO production and mucosal granulocyte 
activation measured by local release of cell specific substances. 

– to study the inflammatory response to rectal milk challenge in controls 
and patients with coeliac disease. 
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Ethics

All participants of the study gave informed consent. The Ethics Committee 
of the Medical Faculty, Uppsala University, approved the study.
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Patients and Methods 

All patients in the studies were recruited at the Section of Gastroenterology 
at the University Hospital of Uppsala.  

Control subjects 
Totally twenty-three healthy adult subjects served as controls in these stud-
ies. They had normal blood test values (no signs of inflammation, malab-
sorption or disease) and no gastrointestinal symptoms, and they had had no 
history of illness the last year. None of the controls had a rise in IgA anti-
bodies to gliadin or endomysium or IgE antibodies to wheat or milk. One 
had a border value for IgA antibodies to tissue-transglutaminase but no other 
signs of coeliac disease and normal duodenal biopsy results. 

In study I 
Eighty-one subjects and patients, 40 men and 41 women, were recruited. 
Measurements with the mucosal patch technique were performed in healthy 
controls (n=16) and patients with active (n=19) and inactive ulcerative colitis 
(UC, n=8), collagen colitis (CC, n=12), coeliac disease (n=13) and irritable 
bowel syndrome (IBS, n=13)  

The diagnoses of IBD were based on clinical and endoscopic criteria131

and x-ray of the small intestine. For grading the activity of UC, a four-
graded endoscopic scale was used, where a score of 1 represents normal 
mucosa and scores 2-4 imply increasing degrees of visible inflammation. 
131,132 Patients were judged to have inactive UC when normal macroscopic 
findings at endoscopy were combined with normal blood tests and normal 
bowel movements. Active UC was diagnosed on the basis of the clinical 
symptoms and when endoscopic score was 2-4. Patients with collagen colitis 
were all diagnosed by clinical symptoms and colonic biopsies. The IBS pa-
tients fulfilled the ROME II criteria.133 The patients with coeliac disease 
were all diagnosed on the basis of two duodenal biopsies, showing regres-
sion or normalisation of the duodenal mucosa after a gluten-free diet.  

In study II 
Nineteen adult patients with coeliac disease were studied and twenty healthy 
adult subjects served as controls. In order to study the early and late inflam-
matory reaction to gluten we used two different devices, rectal perfusion and 
mucosal patch technique. The early reaction was studied by continuous per-
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fusion of the rectum. In order to make repeated measurements possible dur-
ing the late challenge period, we used the mucosal patch technique, which is 
much better tolerated.  

Fourteen subjects (9 patients (7 female/2 male with mean age 45(range20-
63)) and 5 controls (4 female/1 male with mean age 37(28-52))) were stud-
ied with rectal perfusion, before and 3 hours after rectal gluten challenge. 
Five of the patients had recently been diagnosed with coeliac disease and 
were on a normal diet at the time of the investigation. Twenty-five other 
subjects (10 patients (5 female/5 male with mean age of 50(range 25-68) and 
15 controls (5 female/10 male with mean age 27(19-51))) were studied with 
the rectal mucosal patch technique. Ten patients with coeliac disease, all on 
a gluten-free diet and with normal results of wide blood test screening, un-
derwent rectal mucosal patch measurements before and 5, 15, 24 and 48 
hours after rectal gluten provocation. Fifteen healthy subjects served as con-
trols; and rectal mucosal patch measurements were performed before and 15 
hours after gluten challenge.  

In study III 
The study comprised 13 patients with coeliac disease (6 males, 7 females), 
mean age 48 years, range 25-68 and 18 healthy control subjects (13males, 5 
females), mean age 32, range 19-58 All patients had been on a gluten-free 
diet for an average of 12 years, range 6-22. After gluten free diet small intes-
tinal biopsy results were normal (Marsh 0) in 9/13 patients; 4/13 had a par-
tial remission (Marsh 1). At the time of the present investigation all patients 
had IgA tissue transglutaminase and IgG/IgA gliadin antibodies within the 
normal range and no detectable IgA endomysial antibodies. All patients with 
coeliac disease had normal blood test results at the time of the investigation.  

All subjects underwent a rectal provocation with gluten, and mucosal, 
blood and luminal nitric oxide measurements were performed before and 
after challenge. The mucosal patch technique was used for mucosal evalua-
tion and for rectal luminal NO measurement we collected air from the bal-
loon on the instrument used for the mucosal patch technique. Initially, in ten 
of the CD patients measurements were made before and 5, 24 and 48 hours 
after rectal gluten challenge. These results indicated the need for 15 hours 
measurements, and a further gluten challenge was therefore performed in all 
patients and measurements were carried out at 15 hours in addition to the 
other times mentioned. Two patients also underwent a 10-hour test but as the 
NO peak occurred at 15 hours we decided not to continue with tests at 10 
hours. The controls were tested before and 15 hours after challenge. Ten of 
the patients and seven of the controls underwent a second test with corn glu-
ten for evaluation of the specificity of the reaction. 
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In study IV  
Twenty adult patients (six men) with CD and 15 adult healthy control sub-
jects (ten men) were included. The mean age of the celiac patients was 49 
years (range 25-68) and that of the controls was 34 years (19-58). Prior to 
dietary treatment 17 of the CD patients had total/subtotal villous atrophy and 
three had partial villous atrophy. At the time of the present investigation all 
patients had been on a gluten-free diet for more than 2 years (range 2-22). 
On gluten free diet, small bowel biopsy results became normal in 11/20 pa-
tients and the other nine had partial remission. At the time of the present 
study, all patients had serum IgA tissue transglutaminase (tTG) and IgG/IgA 
gliadin antibodies within the normal range and no detectable serum IgA en-
domysial antibodies. Serum IgE-antibodies to cow’s milk (CM) or wheat 
proteins and IgA and IgG antibodies to casein and -lactalbumin were meas-
ured in accordance with the manufacturer’s instructions (Pharmacia Diag-
nostics AB, Uppsala,Sweden). 

All subjects underwent rectal challenge with gluten and CM, and mucosal 
measurements were performed before and 15 hours after challenge.  

Rectal challenges (Study II-IV) 
All the participants in studies II-IV were challenged with wheat gluten 6.2-
6.5 g (Crude wheat gluten, Sigma Chemical Co.,St. Louis, Missouri). In 
study III, a rectal challenge was performed with corn gluten 6.2-6-5 g, (Corn 
gluten meal, Sigma Chemical Co.,St Louis, Missouri) suspended in 25 ml 
0.9% NaCl solution. In study IV we challenged patients and controls with 
dried milk powder 6.2-6.5 g (Semper AB, Stockholm, Sweden) suspended in 
25 ml of 0.9% NaCl solution. Six of the 10 patients who had a mucosal in-
flammatory reaction after cow’s milk challenge were challenged with spe-
cific milk proteins in amounts proportional to their concentrations in 6.5 g 
dried CM powder. Thus, six patients were challenged with 1.9 g casein from 
CM with the normal milk proportions of alpha and beta casein milk protein 
(Sigma Chemical Co., St. Louis, Missouri). Five of these patients were also 
challenged with 0.2 g of -lactalbumin (Sigma Chemical Co). 

Mucosal Patch Technique (Study I-IV)
The instrument of mucosal patch technique used is a plastic catheter with a 
silicon balloon at the end of the catheter with two or three patches attached 
to the balloon. The patches are made of highly absorptive cellulose material
(Pharmacia Diagnostics AB, Uppsala, Sweden). When the instrument is po-
sitioned in the rectum, the balloon is inflated with air (60-80 ml), allowing 
the patches to be in contact with the mucosa.  
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If the patient had a strong feeling of distension or pain that did not disap-
pear after 2-3 minutes, the volume of air was reduced by 5 ml at a time until 
tolerance was reached. A minimum of 50 ml of air was left in the balloon to 
ensure that the patches remained adherent to the mucosa. The balloon was 
kept inflated for 20 minutes in all subjects. After 20 minutes the balloon was 
deflated and the catheter removed. The patches were cut off and immediately 
put into 2 ml of 0.3% CTAB (N-Cetyl-N,N,N-trimethyl ammonium bromide 
[E Merck, Darmstadt, Germany]) solution to extract the contents. At each 
measurement a blood sample was taken. The aim was to evaluate systemic 
inflammatory activity and for comparison to the measurements of the 
patches. Any discomfort, reactions and other symptoms during the test pro-
cedure were recorded as was the presence of blood or faeces on the patches.  

a d

b

NO measurement

Measurements of 
various inflammatory
markers

c

Figure 5. A schematic drawing of the instrument of the mucosal patch technique used for 
measurements of the inflammatory condition of the rectal mucosa. Fig. 5a illustrates the 
instrument with non-inflated balloon and with the patches protected by shields. Fig. 5b 
shows the instrument in position with the inflated balloon in the rectal ampulla and with 
the patches in contact with the mucosa. Fig 5c illustrates when the balloon is deflated 
and the air is collected in a glass syringe for analysis of NO. Fig 5d illustrates when the 
patches are cut off after removal of the catheter from the rectum and immediately placed 
in 2 ml of 0.3% CTAB (N-cetyl-N,N,N-trimethyl ammonium bromide) to extract the 
contents for later analysis of inflammatory markers. 

Each patch was collected and then analysed separately which meant three 
sets of measurements for each test procedure. The patches were kept in the 
0.3% CTAB solution for extraction for 1 hour. After completion of this step, 
the extraction solution was squeezed out of the patches, centrifuged and then 
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frozen at -70 °C until analysed. Blood samples were centrifuged and the 
serum frozen at -70 °C until analysed. See figure 5. 

Rectal biopsies 
In study I rectal biopsies were taken in close connection (on average ±1.8 
days) to the present investigation in nine patients with active UC, five with 
inactive UC and in ten patients with IBS. In order to elucidate the link be-
tween the measured mediators and rectal histology, a pathologist examined 
these biopsies without knowledge of the endoscopic activity score and the 
results of the mediator measurements. The activity of inflammation was 
assessed using a slightly modified scoring system that has been validated for 
ulcerative colitis.134 Shortly, seven parameters were judged and scored sepa-
rately whereas score ”0” corresponds to no inflammatory activity (normal 
histology) and score ”3” to the maximal inflammatory activity or destruction 
observed (Table 2, page 38). 134

Colorectal perfusion (Study II) 
The colorectal perfusion technique has been described in detail elsewhere.8
Briefly, a five-channel polyvinyl chloride tube, inner diameter 10 mm and 
outer diameter 16 mm, with a total length of 38 cm, was used. Three inflat-
able latex balloons were attached to the tube, creating an 8 cm-long, and 
closed perfusion segment in the rectum. The channels were used either to 
inflate the balloons, to perfuse the segment or to administer a dye marker at 
the tip of the tube. 

Two rectal perfusions were performed in each participant on the same 
day, one basal perfusion and one post-challenge perfusion three hours after 
rectal instillation of gluten. The tube was introduced into the rectum using 
the endoscope as a guide. When the desired position was reached, the endo-
scope was withdrawn and the balloons were inflated with air. Finally, the 
position of the tube was checked fluoroscopically. Using the inflow channel, 
the rectal segment was continuously perfused at a rate of 3 ml/min using a 
syringe pump. The pre-challenge perfusion was terminated after 80 min. The 
tube was withdrawn after deflation of the balloons. A gluten enema was then 
given as described above. Two hours after the instillation of the gluten en-
ema, the patient received a 500 ml enema of perfusion buffer to rinse the 
rectum and the perfusion tube was inserted again. The second rectal perfu-
sion started 180 min after the gluten challenge and was continued for another 
180 min. Samples were collected on ice at 20-min intervals. After centrifu-
gation of the samples, the supernatants were immediately frozen in 0.5 ml 
aliquots at –70˚C until they were analysed in duplicate for ECP, MPO and 
histamine by radioimmunoassay (Pharmacia Diagnostics, Uppsala, Sweden). 
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The perfusion fluid samples were analysed in sequence to avoid inter-day 
variation. The variability was less than 10% for all methods.  

Analyses of inflammatory mediators (Study I-IV) 
Duplicate samples were analysed. HNL was measured with a radioimmuno-
assay(RIA) previously described.135 MPO,ECP and Histamine was measured 
with a RIA, Pharmacia Diagnostics AB, Uppsala, Sweden, in most of the 
measurements (paper I-IV). In the end of the studies the RIA´s for MPO and 
ECP from Pharmacia diagnostics were not available and we measured MPO 
and ECP with an enzyme-linked immunosorbent assay ELISA from Phar-
macia diagnostics AB, Uppsala, Sweden. The ELISA and RIA results corre-
lated well (r=0, 997 for MPO and r=0. 989 for ECP). In paper IV the results 
of the ELISA are corrected to the level of the RIA results to give comparable 
results.

NO measurement (Study III and IV) 
NO was measured with a chemiluminescence NO analyser (model Sievers 
NOA 280; Ionics Instrument Business Group, Boulder, Colorado, USA.). 
The system was calibrated with a mixture of NO in N2 (AGA Gas AB, Lid-
ingö, Sweden) with an NO concentration of 500 parts per billion (ppb). The 
calibration was tested every morning and zero was set before each measure-
ment. Air samples were collected with three glass syringes from the cuff of 
the rectal catheter described above. Each sample was measured separately. 
The air was injected into the NO analyser and the peak level was monitored. 
The single measure of each subject represents the highest value obtained in 
the collected air samples to avoid false low NO measurement due to syringe 
leakage. An extraction test was performed to see how much NO could be 
recovered with our instrument and it was found that 80% was recovered, a 
result in accordance with earlier reports136

Statistical methods 
The geometric mean value of the measurements of three patches from each 
individual was calculated. Mean and standard error of the mean (SEM) of 
patient and control groups are presented in the figures, tables and text when 
not stated otherwise. 

Mann Whitney U, Sign test, Friedman Anova and Spearman´s rank corre-
lation tests were used for statistical analyses. The statistical calculations 
were performed on a personal computer using the statistical package Statis-
tica (Statsoft Inc., Tulsa, Oklahoma, USA). 
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Results

Evaluation of a new technique to characterize a 
rectal local inflammatory process, the “Mucosal 
Patch Technique” (Study nr I)
Compliance, tolerance and safety
The test procedure was very well tolerated by the patients. Twenty-two con-
trols and patients underwent total colonoscopy 0.5-3 hours after completion 
of the rectal test, and no signs of trauma to the mucosa were observed. When 
testing influence of subject preparation the type of gut preparation (hy-
perosmolar sorbitol rectal enema or oral laxative isotonic solution) had no 
significant influence on the recovered amounts of MPO or ECP in tested 
patients with normal endoscopic findings (n=26) and healthy controls
(n=16).

Intraindividual variation 
In 11 patients with coeliac disease and 3 healthy controls, two separate 
measurements were performed on two occasions with an interval of at least 
one week. The mean MPO concentration was 43.2 g /L  13.1 at the first 
test and 54.6 g /L  14.8 at the second one (p=0.6 ). The corresponding 
ECP values were 29.2 g /L  7.0 and 30.5 g /L  7.4 ( p=0.79 ) respec-
tively.  

Time dependency of absorption 
Fifteen patients were tested with the instrument positioned in the rectum for 
various lengths of time. The subjects were divided into three groups on the 
basis of the degree of inflammatory activity, defined by rectal recovery of 
the granulocyte markers: those with high (n=5), medium (n=5) and low lev-
els (n=5) of inflammatory markers. The time dependency was not critical for 
the groups with high and low inflammatory activity, but in the medium 
group there was a tendency to higher values with time; this difference was 
not statistically significant (p=0.11). 
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Patient and control measurements 
Mucosal measurements 
Figure 6 shows the mean recovered mucosal amounts of MPO, HNL and 
ECP in the patient and control groups. An apparent covariation was seen 
between MPO and HNL (r=0.94 for all individuals). Significantly higher 
concentrations of all three variables were observed in patients with active 
UC compared to those with UC in remission. A positive correlation (Spear-
man R=0.81, p<0.001) was found between endoscopic disease activity score 
and MPO concentration in UC patients. The endoscopic findings were also 
significantly correlated to the HNL (Spearman R= 0.78, p< 0.001) and ECP 
concentrations (Spearman R= 0.61, p <0.001). The other patient groups all 
had significantly lower concentrations of the measured substances compared 
to patients with active UC. 

Patients with coeliac disease, collagen colitis and IBS had significantly 
higher levels of MPO and HNL than healthy controls.(figure 6)
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Figure 6. Rectal mucosal concentrations (µg/L, Mean ± SE) of MPO, HNL and ECP in 
patients with inflammatory bowel disease, coeliac disease and IBS, and in healthy con-
trols. *p<0.05, **p<0.01, ***p<0.001 compared to healthy controls. 
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Mucosal measurements and histological assessment of inflammation. 
The findings presented in Table 2 show that the MPO, HNL and ECP values 
correlated with the mucosal structural changes and the increase of chronic 
inflammatory infiltrate. The presence of neutrophils in lamina propria and in 
epithelium correlated with the neutrophil markers MPO and HNL and the 
presence of eosinophils in lamina propria correlated with the eosinophil 
marker ECP. The histological findings in patients with IBS were character-
ized by no increase or mild but unequivocal increase of eosinophils in lam-
ina propia. The correlations observed between the number of mucosal neu-
trophils/eosinophils and neutrophil/eosinophil markers in patients with UC 
remained when calculations were performed in all patients.  

Table 2: Correlation coefficients between mucosal inflammatory mediators and histo-
logical grades of disease activity in patients with ulcerative colitis.  

MPO HNL ECP 
Structural (architectural 
change)

0.75** 0.75** 0.80** 

Chronic inflammatory infil-
trate

0.77** 0.79** 0.76** 

Lamina propria eosinophils 0.46 0.48 0.64* 
Lamina propria neutrophils 0.75** 0.77** 0.61* 
Neutrophils in epithelium 0.55* 0.59* 0.38 
Crypt destruction 0.41 0.45 0.22 
Erosion or ulceration 0.49 0.57* 0.40 
*p<0.05 and **p<0.01 according to Spearman Rank Correlation 

Serum measurements 
The serum concentration of HNL in patients with active UC was signifi-
cantly higher than those in patients with IBS and coeliac disease and healthy 
controls (p<0.05) However, the differences in serum values of MPO, ECP 
and HNL were relatively marginal compared to the observed differences in 
mucosal measurements. 
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Kinetic of rectal mucosal granulocyte activation in 
patients with coeliac disease before and after rectal 
gluten challenges. (Study II) 
Early gluten reaction studied by the use of rectal perfusion technique: 
During the basal rectal perfusion, patients and controls had similar concen-
trations of MPO, ECP and histamine in the perfusion fluid (Figure 7). Three 
hours after gluten challenge a progressive, significant increase in the MPO 
concentration was seen during the next 3 hours (Figure 7). The maximum 
MPO concentration increased on average from  3 to 123±142(SD) µg/l at 6 
hours after challenge (p<0.001). The ECP concentration started to increase at 
a later time point (4 hours after gluten challenge). The ECP increase was less 

Figure 7. Myeloperoxidase (MPO), eosinophil cationic protein (ECP) and histamine 
concentrations in rectal perfusion fluid (mean ± SE) before and after a rectal gluten chal-
lenge in 5 healthy controls (- -) and 8 patients with coeliac disease (- -). The arrow 
indicates the time for gluten challenge. Perf.1 is the pre-challenge perfusion and Perf.2 
the post-challenge perfusion.  

pronounced and reached a maximum at the end of the perfusion; an average 
increase from  3 to 8.0 ± 10.5(SD) µg/l (p<0.05). In only one patient there 
was a significant, 50-fold increase in histamine concentration post-challenge 
(Figure 8). In the controls, no significant differences between the pre- and 
post-challenge concentrations of the measured inflammatory mediators were 
observed.
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Late gluten reaction studied by the use of the mucosal patch technique: 
Figure 9 shows the rectal mucosal concentrations of MPO and ECP in pa-
tients with coeliac disease (n=10) before and at 5, 15, 24 and 48 hours after 
rectal gluten challenge. The prechallenge values of MPO found in the 
healthy controls were 9.5+6.4 (SD) µg/l, i.e. significantly lower (p<0.05) 
than those in the patient group. Significant increases in the variables meas-
ured were seen at every observation time of MPO. The pattern was similar 
for ECP and MPO, with a peak level 5 hours after challenge followed by a 
decline at 15 hours and another phase of increasing levels thereafter. The 
MPO concentration then seemingly peaked 24 hours after challenge and 
started to fall after 48 hours. The ECP concentrations remained at the same 
increased levels 24 and 48 hours after challenge. The healthy controls (n=15) 
showed no significant change in the measured variables when tested before 
and 15 hours after gluten challenge (data not shown). The rectal mucosal 
histamine levels 5 and 15 hours after challenge were similar to the prechal-
lenge values both in the patients and controls (data not shown).  

The serum concentrations of MPO and ECP were similar in patients and 
controls both before and after challenge. 

Figure 8.The rectal perfusion fluid concentration of myeloperoxidase (-O-), histamine  
(- -) and eosinophil cationic protein (- -) before and after a rectal gluten challenge in 
patient nr 3 with recently diagnosed coeliac disease. The arrow indicates the time for 
gluten challenge. Perf.1 is the pre-challenge perfusion and Perf.2 the post-challenge 
perfusion
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Figure 9: The rectal mucosal concentrations (Means  SEM) of MPO and ECP before 
and 5, 15, 24 and 48 hours after gluten challenge in patients with coeliac disease (n=10). 
*p<0.05, **p<0.01 compared to the prechallenge values (Sign test) 

Rectal luminal NO production after rectal gluten 
challenge in patients with coeliac disease and the 
relation to granulocyte activation (study III) 
The prechallenge rectal luminal NO value in the patients with CD was 19 
4 ppb (6-41) and in the controls it was 24  6 ppb (6-90). No increased NO 
production was detected 5 hours after challenge. The maximum NO concen-
tration in patients 9464  2393 ppb, (250-24982) was noted after 15 hours. 
The NO values then gradually declined but had not returned to normal in all 
patients at 48 hours. The mean NO production in the controls 15 hours after 
rectal gluten challenge was 22  7ppb (4 – 126).  

Relation of NO production to signs of granulocyte and mast 
cell/basophil activation 
There was a significant correlation (r=0.64, p<0.05) between the increases in 
MPO ( MPO) and the increase in NO ( NO) 15 hours after challenge. No 
correlation was found between the ECP and NO 5 and 15 hours after 
challenge, r values 0.02 and 0.04, respectively (Figure 10).
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Figure 10. Rectal luminal NO before and 5, 15, 24 and 48 hours after rectal gluten chal-
lenge in 10 patients with coeliac disease. Friedman ANOVA was significant (p<0,001), 
**p<0.01 compared to prechallenge value (Sign test). The open squares illustrate the 
rectal mucosal MPO concentrations at each time and the relationship to NO production 

Corn and Cow’s milk protein sensitivity in coeliac 
disease (Study III and IV) 
Corn sensitivity 
In the patients with coeliac disease the NO production 15 hours after corn 
challenge was significantly increased by a mean of 368 147ppb (13-1348) 
compared to the pre-challenge value (p<0.05). However, as seen in Figure 
14, only 6/10 patients showed a post challenge increase in NO. In the con-
trols no increase of NO was seen after corn challenge (Figure 11.) 

Corn challenge also induced an increase of MPO in some of the patients 
but the increase was not significant in the group (p>0.05). No increase was 
seen in ECP after corn challenge. The control subjects showed no increase of 
MPO or ECP after challenge with corn. 
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Figure 11. Rectal concentrations of NO in 18 controls and 13 coeliac patients before 
challenge (0h), 15 hours after rectal wheat gluten challenge (15h after gluten) and 15 
hours after rectal corn gluten challenge (15h after corn). Note that the Y scale is broken 
and differs between section below and above the break in order to better illustrate the 
lower values. Significanct increase comparing the patient and control groups with Mann-
Whitney U Test: ***p<0.001, **p<0.01  

Milk sensitivity
In 18/20 patients gluten challenge induced neutrophil activation defined as 
increased MPO release and increased NO synthesis. A significant increase 
for one individual was defined by value above the mean MPO/ NO + 2 
SD level in the controls. Ten of these 20 patients showed a similar strong 
inflammatory reaction to cow’s milk challenge. ECP was increased to a 
similar extent in the patient group and the controls. Figure 15 illustrates the 
individual increases in NO and MPO after cow’s milk challenge. In the 
group of coeliac patients the rectal NO and MPO values correlated both after 
cow’s milk (r=0.73, p<0.001) and gluten challenges (r=0.54, p<0.05). No 
correlation was found between ECP and the other variables after challenge. 
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Figure 12 Increase in rectal luminal nitric oxide ( NO) and rectal mucosal concentration 
of MPO ( MPO) in patients with coeliac disease (n=20) 15 hours after rectal milk chal-
lenge. The level of two standard deviations (SD) above mean of the control subjects 
(n=15) is marked by a line. 

IgA and IgG antibodies to cow’s milk proteins. The mean serum levels 
of IgA and IgG antibodies to gliadin, casein, and -lactalbumin were not 
higher in the patients with CD than in the controls

Challenge with casein and -lactalbumin. Six patients reactive to CM 
were challenged with casein and -lactalbumin (Table 3). All showed an 
increase in MPO and/or NO in responses to casein and one patient (no. 3) 
had a significant increase in ECP. The -lactalbumin caused an MPO re-
sponse in one patient. Most of the patients reported subjective clinical im-
provement of symptoms (diarrhea, abdominal distension / pain or tiredness) 
after being informed about the results and excluding CM protein from their 
diet (Table 3). 
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Table 3: Reactivity to casein and -lactalbumin at rectal challenge in six patients sensi-
tive to cow’s milk as defined by significantly elevated NO and/or MPO values after 
challenge. The clinical effect of exclusion of cow’s milk protein from the diet on the 
most common symptoms mentioned (diarrhea, abdominal distension/pain and tiredness) 
is shown given on a four-graded subjective scale (0 representing no improvement and 3 
resolution of symptoms).  

Case
Casein

NO/MPO

-Lactalbumin

NO/MPO
Clinical effect 

1 +/- -/- 1 

2 (+)/++ -/- 0 

3 +/+++ -/++ 2 

4 +++/+++ No value 1 

5 +++/++ -/- 2 

6 +++/++ -/- 3 

(+)= a value between the upper and two times the upper 99% confidence interval (CI) of the con-
trols; (++)= a value between two and five times the 99% CI; (+++)= a value above five times the 
99% CI. 
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General discussion 

The Mucosal patch technique 
This study presents the new mucosal patch technique for measuring markers 
of events in the colorectal mucosa and shows that it is simple to use, safe and 
very reliable and that the patient compliance is good. Compared to other 
methods,43,44,54,137,138 the present system has several advantages. In our ex-
perience it is technically simpler to perform and more comfortable for the 
patients than rectal dialysis or rectal perfusion techniques.43,44 The size of the 
molecule to be evaluated is not critical, as it is in rectal dialysis. It does not 
require an endoscopic procedure, as in rectal perfusion and in the filter tech-
nique described by Hendel and co-workers, but it can easily be combined 
with endoscopy when required.  

Studies of the time needed for the cellulose material to absorb inflamma-
tory substances from the mucosa indicated that after less than 20 minutes, 
equilibrium between the mucosa and cellulose was reached. For practical 
clinical purposes it seems quite acceptable to reduce the time of contact be-
tween the cellulose material and the mucosa to about 10 minutes.  

Preparation of the gut is essential in situations where the release of in-
flammatory substances to the gut lumen is measured, since faecal contamina-
tion may influence the results.139-141 It has also been reported that hyperos-
molar solution might affect the mucosa if the osmolarity is over 1500 
mosm/L.142 The enema we used has an osmolarity of 1686 mosm/L. How-
ever, preparation with an isotonic fluid and preparation with a hyperosmolar 
enema gave identical results with the present system and neither method 
induced any apparent inflammatory reaction in the rectal mucosa.  

Patchiness of mucosal inflammation in UC has previously been empha-
sized.143,144 In an attempt to compensate for possible regional differences in 
the inflammatory status of the rectal mucosa, we performed three measure-
ments at different rectal sites. The average intraindividual variation of three 
rectal measurements was 38 %, thus illustrating the expected variability in a 
mucosal inflammatory process. The difference in the mean of such meas-
urements performed at different times was not significant. Thus, the repro-
ducibility was quite acceptable with this process, which means that longitu-
dinal studies of the condition of the mucosa can be made in individual pa-
tients.
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Patients with active ulcerative colitis showed on average a more than 300-
fold increase in the inflammatory activity of the rectal mucosa as judged by 
the recovered amounts of MPO. The involvement of eosinophils in this dis-
ease was also clear from the several-fold increase in the recovery of ECP, 
and our findings are in accordance with our previous report using a perfusion 
technique.15 Patients with inactive ulcerative colitis showed normalisation of 
the eosinophil activity of the mucosa, but the neutrophil activity remained 
increased compared to that in healthy controls but of the same magnitude as 
observed in IBS and coeliac disease. The potential of this sensitive method 
for assessment of inflammatory activity was also illustrated by the signifi-
cantly increased recovery of neutrophil granule constituents in our patients 
with collagen colitis. In a minority of these patients the mucosal recovery of 
ECP was highly increased in accordance with recently published data from a 
study using rectal perfusion.145

By virtue of the extreme absorption capacity of the cellulose material 
used for the test procedure the mucosal patch technique is very sensitive and 
permits detection of neutrophil and eosinophil granulocytes in apparently 
healthy rectal mucosa. In this study subclinical inflammation in the rectal 
mucosa was detected in patients with IBS. The inflammatory basis of IBS 
has been discussed, and non-specific mild inflammation in the colonic mu-
cosa is often seen histologically in IBS patients.146-148 It has been proposed 
that such mucosal inflammatory findings might be explained by an undiag-
nosed coeliac disease or a postinfective IBS.148,149 However, such possible 
explanations are not relevant for our findings in IBS since only two of our 
IBS patients had a history of an IBS secondary to a gastrointestinal infection 
and all our IBS patients had normal duodenal biopsies and were negative in 
serological markers of coeliac disease.  

Chadwick et al 148 promoted the hypothesis that in at least a subset of pa-
tients with IBS a low-grade inflammation with increased numbers of neutro-
phils and mastcells might play a pathophysiological role. Others 150 have 
reported, in this disease, increased numbers of mast cells in proximal colonic 
mucosa but no increase of these cells or neutrophils in the rectum. Since 
overt colonic inflammation precludes a diagnosis of IBS, the need of more 
sensitive markers of low-grade inflammation has been stressed.150 Counting 
of single inflammatory cell subtype per high power field has the potential to 
be more sensitive compared to our used histological method validated for 
UC to assess the degree of mucosal inflammation. Conventional histological 
examination of biopsies identifies the number of inflammatory cells but give 
no information about the degree of granulocyte activation. Increased release 
of granular constituents is one sign of granulocyte activation. Our finding of 
increased mucosal amounts of neutrophil granular proteins (MPO and HNL) 
in spite of no apparent increase of neutrophils might therefore reflect a low 
grade inflammation. This interpretation is supported by the finding that IBS 
patients have significant increased amounts of faecal calprotectin, a neutro-
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phil derived protein.151 The correlation between measured inflammatory 
mediators and the endoscopic and histological findings in UC indicate that 
our technique mainly reflects a local inflammatory process.  

Kinetics of inflammatory reaction seen after rectal 
gluten challenge 
This study confirms previous histological observations on mucosal biopsy 
specimens showing that a response to rectal gluten challenge occurs both in 
untreated and diet-treated coeliac disease patients.4,5,48-50 The mechanisms by 
which wheat gliadin and prolamines from other cereals produce lesions in 
the small intestine of patients with coeliac disease are not completely under-
stood. Most investigators favour the idea of coeliac disease as a prototype of 
T-cell mediated disease.152 Thus, gliadin should act as an antigen recognized 
by the adaptive immune system. However, the situation may be more com-
plex since the immune reactions can be further driven by gliadin induced 
activation of the innate immune system80 Studies on the rectal mucosal reac-
tion have mainly been focused on epithelial lymphocyte responses. Besides a 
marked increase in epithelial lymphocytes with a maximum at 6-8 hours 
post-challenge infiltration of neutrophils into the mucosa is reported.4,5,52 An 
apparent decrease in mast cells has been attributed to granule discharge and 
thereby loss of recognizable specific cytoplasmic granules.4 Involvement of 
eosinophils has previously been reported from studies with regional jejunal 
perfusion of patients with active coeliac disease.153 One of the aims of our 
studies was to further elucidate the gluten-induced mucosal reaction by de-
fining the dynamics of the leucocyte and mast cell/basophil activation. We 
found signs of pronounced neutrophil activation and of more modest eosino-
phil activation, and only in exceptional cases signs of mast cell/basophil 
degranulation.  

In patients with coeliac disease the studies with continuous rectal perfu-
sion revealed an increase in the MPO concentration in the perfusion fluid as 
early as three hours after gluten challenge. During the following 160 minutes 
there was a progressive rise in MPO. At the end of the perfusion period the 
MPO concentration had increased on average 40-fold. The ECP concentra-
tion started to increase later, and almost 6 hours after gluten challenge the 
increase was significant. These findings indicate that gluten challenge in 
coeliac disease induces a major neutrophil and a more modest eosinophil 
accumulation in the rectal mucosa and release of their granule constituents. 
As with the perfusion technique the mucosal patch technique confirms a 
large increase in MPO 5 hours after gluten challenge. Ten hours later the 
MPO concentration had declined, but a further increase was observed at 24 
hours after challenge, suggesting biphasic neutrophil activation. A similar 
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biphasic pattern was seen for eosinophil degranulation. These results support 
results of previous studies. Loft et al observed biphasic swelling of the lam-
ina propria following rectal gluten challenge in patients with coeliac dis-
ease.4 They reported an initial swelling period with a maximum 8 hours after 
challenge, followed by deswelling after 24 hours and another swelling peak 
at 60 hours post challenge. They also found a similar biphasic influx of neu-
trophils and epithelial lymphocytes. The biphasic response might reflect that 
the gluten-induced reaction involves the adaptive as well as the innate im-
mune systems.80 In another study the time course of adhesion molecule ex-
pression in the rectal mucosa of gluten-sensitive subjects was followed dur-
ing a 24-hour period after gluten challenge.52 A significant increase in adhe-
sion molecules related to neutrophils was seen in the lamina propria 4 hours 
after challenge.  

In the above-mentioned study by Loft et al a rapid decrease in the number 
of lamina propria mast cells appeared to occur within 1 hour after gluten 
challenge.4 This effect was assumed to be due to granule discharge and 
hence loss of recognizable specific cytoplasmic granules on which micro-
scopic quantisation was based. However, in our study only one of our pa-
tients showed signs of degranulation of mast cells/basophils as indicated by 
an increased luminal release of histamine in response to gluten challenge. 
Thus, according to our results mast cell activation may occur but only in a 
subgroup of coeliac disease patients. Our histamine responder had no IgE-
anti-gliadin antibodies. She had high titres of IgA and extremely high titres 
of IgG wheat gluten antibodies. The possibility remains that IgG antibodies 
and IgG-gliadin complexes may have contributed to mast cell activation.154-157

Before challenge, most of our patients had higher mucosal concentrations 
of MPO but not of ECP compared to the controls. This increase in the basal 
concentration could reflect either a normal-sized but activated neutrophil 
population or an expanded population of non-activated cells, or a combina-
tion of these two possibilities. The idea of subclinical rectal inflammatory 
activity is not improbable, since apparent proctitis has previously been re-
ported in patients with coeliac disease.158,159 Occurrence of subclinical rectal 
mucosal inflammation in coeliac disease even after introduction of a gluten-
free diet might be explained by an enhanced non-specific inflammatory pro-
pensity or to the small amount of gluten received in a normal gluten-free 
diet, or possibly by poor compliance. Further, the possibility remains that 
coeliac disease patients may react to other proteins than wheat gluten.121

Previous studies with multiple jejunal mucosal biopsies after reintroduc-
tion of gluten to coeliac patients have demonstrated a considerable interindi-
vidual variation with respect to the severity and time to clinical and histopa-
thological relapse.120 Our findings clearly demonstrate that the individual 
degree of inflammatory reaction, as indicated by rectal mucosal release of 
MPO, varies within a wide range. It is reasonable to assume that the intensity 
of the gluten-induced rectal mucosal inflammation should be reflected in the 
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patient’s symptoms. The heterogeneity of symptoms in patients with un-
treated coeliac disease is also well known, as also is the variation in individ-
ual sensitivity to minor amounts of gluten. 

Kinetics of NO production after rectal gluten challenge
Our main finding was that signs of granulocyte activation clearly preceded 
the increased synthesis of NO after gluten challenge. Increased NO synthesis 
was not apparent 5 hours after gluten instillation, a time point with maxi-
mum release of MPO, a granule constituent of neutrophils, and of ECP, a 
granule constituent of eosinophils. The luminal NO values peaked 15 hours 
after gluten challenge and then gradually declined, but were still increased 
after 48 hours. 

The role of NOS II in the inflammatory response to gluten instillation in 
the rectal mucosa has previously been elucidated by measurements on rectal 
mucosal biopsy samples obtained 4, 8, 24 and 48 hours after rectal gluten 
challenge.160 A significant, approximately 50% increase in NOS II was seen 
8 hours after gluten challenge, but no change in cNOS. Increased NO pro-
duction in the gut lumen has been observed not only in ulcerative colitis,161

but also 24 hours after gluten challenge in patients with CD.162 Our finding 
of high production of NO starting 5 to 10 hours after gluten challenge is in 
accordance with the above mentioned biopsy results concerning NOS II ex-
pression,160 since this expression has been found to precede the production of 
NO by several hours; the delay in NO production reflecting the time taken 
for mRNA and protein synthesis.163,164 The NOS II expression in rectal bi-
opsy specimens gradually decreased and was lost 24-48 hours after chal-
lenge. Our NO measurements showed a return to prechallenge NO values in 
30% of our patients, but elevated NO values still remained in a few patients 
even 48 hours after challenge. In bronchial asthma an increase in luminal 
airway NO is also seen and it has been suggested that this may be useful for 
a non-invasive determination of airway inflammation.165 After allergen chal-
lenge in asthmatic patients, no increase of NO was observed in those who 
responded only with an acute reaction, while those, who also had a late al-
lergic response, had a peak increase of NO at 10 hours and still showed ele-
vated NO levels 21 hours after challenge. The similarity to our NO reaction 
strengthens the idea that the gut and airway luminal NO production might be 
a non-specific inflammatory response. 

The cellular source of induced luminal NO synthesis has not been fully 
identified in asthmatic patients. There is evidence of increased expression of 
NOS II in asthmatic airways, especially in macrophages and epithelial cells, 
but activated neutrophils, eosinophils and mast cells have also been proposed 
as major contributors to enhanced NO synthesis.166-168 The early inflamma-
tory reaction induced by gluten in patients with CD is characterized by ex-
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pression of E-selectin, a specific adhesion molecule that is the main mediator 
involved in neutrophil recruitment in the first 4 hours after gluten exposure.52

This is in concordance with our observations that a strong neutrophil activa-
tion, as assessed by the luminal release of MPO, and less pronounced eosi-
nophil activation, as measured by the release of ECP, was already present 
five hours after gluten instillation challenge and clearly preceded the NO 
response.

The observed interindividual variability in NO and MPO responses might 
partly be due to non-homogenous inflammation. Another, perhaps more 
likely explanation to this variability is the individual sensitivity.120 The find-
ing of a significant correlation between the neutrophil and NO responses 
after challenge demonstrates that NO synthesis is linked to the intensity of 
the induced inflammatory reaction, but only suggests that neutrophils are the 
cellular NO source.

Nitric oxide in exhaled air (eNO) has been proposed as a marker of bronchial 
inflammation. Some studies reported significant association in patients with 
bronchial asthma between eNO and airway eosinophilia as reflected by spu-
tum eosinophilia169,170 or density of eosinophilic granule constituents in air-
way mucosa. Because eosinophils can express NOS II 171 these cells have 
been attributed a role in the synthesis of NO after allergen challenge. How-
ever, others have been unable to confirm a relationship between eNO and 
airway eosinophilia in asthma.172,173 In the present study signs of eosinophil 
activation as reflected by ECP were present after gluten challenge in patients 
with coeliac disease with a similar time course of activation as neutrophils 
but the eosinophil response was relatively weaker than the neutrophil re-
sponse defined by MPO. The lack of relationship between the degree of 
eosinophil activation and NO production may suggest that NO reflects other 
aspects of gut mucosal inflammation, including neutrophil and possibly also 
T-cell and monocyte activation. 

The site of NOS II expression in the epithelium of gluten-damaged rectal 
mucosa is a matter of controversy, but immunohistochemical studies of such 
mucosa showed that NOS II was mostly localized in the lamina propria just 
beneath the surface epithelium and around the crypts.160 The suggested pro-
tective effect of NO in inflammation has been partly attributed to a role in 
reducing granulocyte infiltration and consuming oxygen species.37 Thus, the 
observed relationship between signs of neutrophil activation and later NO 
synthesis may well reflect a counteracting system controlling the potentially 
tissue-damaging principles delivered by activated neutrophils. However, the 
reports suggesting a protective role of NO in mucosal inflammatory damage 
are as numerous as those supporting a toxic role. It has been proposed, for 
example, that NO may promote inflammation by enhancing vascular perme-
ability and by promoting chemotaxis of granulocytes and the production of 
proinflammatory cytokines.174,175 Others have suggested that epithelial cells 
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are the cellular source of luminal nitric oxide seen in bronchial asthma and 
inflammatory bowel diseases.176,177 Our kinetic study is compatible with this 
hypothesis, since activated granulocytes may induce enterocytes to increase 
NO synthesis. The results of our study give no answers concerning the pos-
sible toxic or protective role of nitric oxide in gluten-induced damage. The 
possibility also remains that the association between granulocyte activation 
and nitric oxide production merely reflects the metabolic expression of neu-
trophils/eosinophils and other inflammatory cells activated by gluten chal-
lenge.

The lack of luminal histamine release after gluten challenge indicates that 
mast cells/basophils are not involved in the induced NO synthesis. Niviloni 
et al observed in biopsy samples that the number of NOS II-positive cells 
after gluten exposure increased in parallel with the CD3 cell infiltration ob-
served around the subepithelial areas.160 T-cells have been attributed a cen-
tral role in the pathogenesis of gluten-induced mucosal damage, but the NO-
producing capacity of T-cells in inflammation remains unsolved. 

Food hypersensitivity in coeliac disease 

Corn gluten  
The observation that corn gluten challenge induced an abnormal NO reaction 
in some of our patients with coeliac disease is intriguing, since maize is con-
sidered safe and is recommended as the substitute cereal in a gluten-free diet. 
However, a high incidence of serum antibodies against maize178 has been 
reported in coeliac disease, and the failure to normalise the mucosa in a frac-
tion of adult patients with coeliac disease and on a strict wheat gluten-free 
diet remains to be explained.121 The manufacture claimed that their corn 
product was free from wheat or other cereals. We tested the product at the 
Swedish National Food Administration (Livsmedelsverket) and it was found 
to be contaminated with an amount of 82 microgram per gram (ppm) which 
is less then the usual allowed amount in gluten free diet (<200ppm) accord-
ing to Codex Alimentarius Standard for gluten-free foods, and far less then 
what has been found to be a safe amount of gluten contamination, when cor-
related to histology, in oral challenge studies.118 It can not be excluded that 
the small amounts of gluten present in the used corn preparation have in-
duced an inflammatory reaction since the mucosal patch technique is very 
sensitive.
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Milk protein 
Ten of our 20 patients with coeliac disease showed abnormal increases in 
both MPO and NO as a reaction to cow’s milk protein challenge, but no 
increase in ECP, indicating absence of eosinophil activation.  

Our 20 patients were already on a gluten-free diet at the time of the pre-
sent study and 9 of them had persistent minor mucosal abnormalities. Failure 
to normalize the mucosa has been attributed to the fact that complete elimi-
nation of gluten is very difficult to achieve and maintain. The trace amounts 
of gluten allowed according to the Codex Alimentarius Standard for gluten-
free foods have also been suggested as a cause of this lack of total recov-
ery.121 However, others have claimed that persistent mucosal abnormalities 
in CD are not related to the ingestion of trace amounts of gluten.122 but have 
proposed that other food components, especially cow’s milk proteins, may 
induce food reactivity in some coeliac patients.121,123-125

The major food antigens in coeliac disease are gliadin and similar prola-
mines from rye and barley. In active disease increased serum antibodies not 
only against gliadin but also against cow’s milk proteins are seen.179 How-
ever, direct evidence for cow’s milk protein allergy in CD is lacking. Most 
exposed healthy individuals have low levels of antibodies against various 
food antigens.179,180 The likely explanation of this physiological phenomenon 
is that a small fraction of food proteins passes undegraded across the gut 
barrier 76 and thereby presents to the immune system with subsequent pro-
duction of antibodies. Certain diseases are characterized by enhanced anti-
body production against dietary antigens. The elevated levels of IgG and IgA 
anti-cow’s milk protein antibodies observed, for example, in coeliac dis-
ease181 and inflammatory bowel disease182 could be related to the damaged 
intestinal mucosa, causing increased penetration by undegraded proteins.183

Our patients with coeliac disease had normal serum levels of IgA, IgG and 
IgE against casein and -lactalbumin, which might be explained by the fact 
that they were on a gluten-free diet and therefore had improved the mucosal 
integrity. 

Tissue transglutaminase 2 has been identified as the autoantigen in coeliac 
disease100 and IgA anti-tTG autoantibodies are very sensitive markers for 
this diagnosis.184 Both the expression of coeliac disease and the presence of 
serum antibodies to tTG are strictly dependent on dietary exposure to glu-
ten.100,184 Extra cellular tTG can cross-link glutamine-rich proteins, particu-
larly gluten from wheat, in which glutamine constitutes about 40% of the 
amino acids. Casein is also glutamine-rich and is known to bind to tTG.66

The observation that the production of an autoantibody is dependent on the 
intake of a dietary protein such as gluten may seem confusing, but has been 
explained by the existence of antibodies directed against cross-links between 
gliadin and tTG.66,185 Antibodies to gliadin seem to be an epiphenomenon in 
coeliac disease and the pathophysiological role of auto antibodies to tTG 
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remains unclear. Our results in celiac patients on a gluten free diet demon-
strate that gluten and casein challenges induce a gut mucosal inflammation 
by pathways until now not identified but at least antibody independent. Re-
cently it has been demonstrated that certain gluten peptides elicit not only an 
adaptive but also an innate immune response.80,186 The innate immune sys-
tem provides an early, so-called pattern-recognition response to various tis-
sue-damaging agents, e.g. viral proteins and bacterial DNA. In individuals 
with the genetic prerequisites, an innate response to normally harmless die-
tary proteins might precede and enhance adaptive immunity to such proteins. 
Activation of the adaptive immune system is one prerequisite for the occur-
rence of coeliac disease and is reflected by the development of gliadin anti-
bodies and auto antibodies. Our finding that in 50 % of our celiac patients 
casein challenge induced an inflammatory reaction of the same magnitude as 
did gluten challenge suggests an innate response to casein also. The lack of 
increased serum antibodies to casein in our casein-sensitive celiac patients 
suggests that casein is less prone than gliadin to drive adaptive immunity. 
Nevertheless there are certain similarities between gliadin and casein: Both 
proteins are chemotactic to human leukocytes187,188 and are stable to diges-
tion because of their content of praline.75 They also show certain amino acid 
sequence homologies.189

The classic presentation of coeliac disease with diarrhoea and malabsorp-
tion is relatively rare, whereas atypical, oligosymptomatic or even asympto-
matic coeliac disease but with histological signs of inflammatory enteropa-
thy is frequently seen in the western countries, with an estimated prevalence 
of 1:100-200. Coeliac disease is strongly associated with certain HLA class 
II alleles, 90% of the patients being HLA DQ266 Additional genes may relate 
to the recently observed innate immune reactivity to certain gliadin peptides 
190 In the light of the hypothesis that the casein sensitivity found in coeliac 
disease also reflects an innate response, we have to consider the possibility 
that sensitiveness to gluten and casein share common genes related to innate 
immunity.  

Several studies have demonstrated, mainly in adult patients, a close asso-
ciation between coeliac disease and certain other autoimmune disorders, 
especially insulin–dependent diabetes, autoimmune thyroiditis and Sjögren’s 
syndrome.191 Other researchers have suspected that cow’s milk protein, also, 
and especially casein, may have a harmful effect as an environmental trigger 
of various autoimmune diseases.192-194 Our preliminary observations in the 
present study suggest that elimination of cow’s milk protein in coeliac dis-
ease patients with casein sensitivity may improve their gastrointestinal 
symptoms. Objective means to diagnose such sensitivity in patients with 
other autoimmune diseases are required to be able to elucidate the question 
whether or not gluten and cow’s milk protein may also aggravate their symp-
toms.
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Conclusions

The mucosal patch technique was well tolerated by the patients and easily 
applied by the investigator. Pronounced neutrophil and eosinophil in-
volvement in ulcerative colitis was demonstrated. With the high sensitiv-
ity of the technique, low-degree mucosal neutrophil activation could also 
be quantified in patients with collagen colitis and ulcerative colitis in 
clinical remission. The finding of increased neutrophil involvement in pa-
tients with IBS contributes to the pathophysiological ideas of this disease. 

There is a pronounced neutrophil activation in coeliac patients after rectal 
gluten challenge. This activation is apparent 4 hours after challenge and 
remains for at least 48 hours. A more modest eosinophil activation de-
fined by ECP levels starts 1-2 hours later and remains also at least for 48 
hours. The biphasic pattern of MPO and ECP after challenge suggests a 
biphasic inflammatory reaction. 

Mucosal activation of neutrophils and eosinophils precedes a pronounced 
enhancement of mucosal NO production after rectal wheat gluten chal-
lenge in patients with coeliac disease.  

The findings indicate that not only gluten sensitivity but also cow’s milk 
protein sensitivity is common in coeliac disease. The data support the hy-
pothesis that cow’s milk sensitivity may contribute to persistent symp-
toms in coeliac patients on gluten-free diet.
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Clinical implication and future  
The mucosal patch technique is a new principle for assessing biological 
events in the colonic mucosa. This technique is rapid, simple, safe and 
highly sensitive and produces reliable and reproducible data. The results 
obtained in our studies show that it might be suitable not only for research 
studies of gut pathophysiology but also for practical clinical use in various 
diseases involving inflammatory activity in gut mucosa. It has a potential to 
be a valuable tool in the evaluation of the time course and treatment of these 
diseases. Studies with measurements of various other mediators involved in 
these diseases are also possible.  

Our studies show that rectal provocation with gluten combined with 
measurement with the mucosal patch technique is a potential clinical practi-
cal tool to elucidate the possible role of gluten in patients who refuse to or 
are not able to have biopsies taken during endoscopy. By use of the tech-
nique we can also evaluate the roles of other food antigens, such as milk in 
patients with coeliac disease. These findings are also promising regarding 
research and diagnostics of food hypersensitivity in other patient groups.  

The high sensitivity of the technique with findings of increased neutrophil 
involvement in patients with IBS contributes to the pathophysiological ideas 
of this disease and is worth a special comment. Between 3% and 22 % of 
persons in the community have IBS with lower quality of life and the eco-
nomic impact is enormous.195 The pathophysiology and etiology of IBS is 
not known and treatment is symptomatic. Further studies of various media-
tors in the gut mucosa in these patients are necessary to try to elucidate if 
there are subgroups with treatable inflammatory activity. 



55

Acknowledgments

Many people have helped me in the production of this thesis. I wish to ex-
press my deepest gratitude to them all; in particular I would like to thank: 

First of all, Professor Roger Hällgren, my supervisor for introducing me 
to the fascinating world of medical science and for his amazing creativity, 
vast knowledge and brilliant ideas. 
My co-supervisor professor Per Venge for the guidance and support in the 
laboratory world.  
My chief in gastroenterology Anders Rönnblom, and all the other col-
leagues at the department of Gastroenterology, for support and friendship. 
Sigríður Valtýsdóttir and Maria Lidén my colleagues and friends at the 
rheumatology department for many supportive discussions and friendship 
and for willing to share the whole adventure with me, by doing more 
studies. We have just started.  
My friends and co-workers at the Department of medical science for their 
friendship, support and encouragement; Ulla Lindqvist, Eva Tiensuu Jan-
son, AnnMari Dumanski and many others.  
My co authors; Prof. Lars Lööf, for discussions and valuable comments. 
Marieann Högman, for introducing me to the world of NO. Jordi Serra, 
my colleague in Spain who performed the perfusion studies. Alkwin 
Wanders, my colleague at the pathology department for his quick and ex-
cellent work with the biopsies. 
Kerstin Linblad and the other co workers at the laboratory for inflamma-
tion research for excellent skilful laboratory work.  
Karin Fagerbrink and Agneta Roneus at the deparment of clinical physi-
ology for help with NO measurements.  
Åsa Lidman, Inger Ohlsson and Sneh Ahujan for excellent technical as-
sistance, pleasant co-operation during the perfusions and “patching” and 
for perfect handling of volunteers, without your help it would never have 
been done. 
The staff on the ward at the section of gastroenterology and hepatology, 
the outpatient ward, “Mag-Tarm mottagningen” and at the endoscopy unit 
for your help and support. 
All the patients and healthy volunteers, without whom this thesis would 
never have been accomplished.  



56

Secretary Annette Hägg for valuable help with images and many other 
practical problems. 
My former room mates, colleagues and friends, Bengt Säfsten, Sif Or-
marsdóttir, Mari Thörn Kristina Okembia Jonsson and Yesuf Taha for all 
the invaluable discussions, laughs and supports.  
Nick Cariglia for introducing me to the world of gastroenterology and 
coeliac disease. Thank you for correcting my English in this thesis. 
Birgitta Hilding my first tutor in gastroenterology in Sweden, who 
brought me into the world of food hypersensitivity. Your energy and en-
thusiasm in willing to solve the patient’s problems has enriched my think-
ing and my work for ever.  
All my friends in Sweden and Iceland for being the ones you are and re-
minding me of the important things in life outside the hospital and science 
world.
My family. Especially my sister, Jóna Kristjánsdóttir and her daughters, 
Salome and Sara, for all the dinners, babysitting and support when I 
needed it most.  
My children, Örn, Erla and Atli for your patience and never-ending love. 
My wife, my love and friend, Ragnheiður Harpa for all support and help. 
With you in my life I feel glad, happy and loved. Thank you! 

This work was supported by the Medical Faculty of the University of Upp-
sala, Sweden, Pharmacia Diagnostics AB, Uppsala, Sweden, Alimenta Diag-
nostics AB, Uppsala, Sweden , the Vardal Foundation - the Swedish Founda-
tion for Health Care Sciences and Allergy Research and the Swedish Rheu-
matism Association. 



57

References

1. Sampson HA. Update on food allergy. J Allergy Clin Immunol
2004;113(5):805-19; quiz 820. 

2. Walker-Smith JA GS, Schmitz J, Schmerling DH, Visakopri JK. Revised 
criteria for diagnosis of coeliac disease. Report of Working Group of 
European Society of Paediatric Gastroenterology and Nutrition. 
Arch Dis Child 1990;65(8):909-11. 

3. Hill ID. What are the sensitivity and specificity of serologic tests for ce-
liac disease? Do sensitivity and specificity vary in different popula-
tions? Gastroenterology 2005;128(4 Suppl 1):S25-32. 

4. Loft DE, Marsh MN, Sandle GI, et al. Studies of intestinal lymphoid tis-
sue. XII. Epithelial lymphocyte and mucosal responses to rectal glu-
ten challenge in celiac sprue. Gastroenterology 1989;97(1):29-37. 

5. Austin LL, Dobbins WO. Studies of the rectal mucosa in coeliac sprue: 
the intraepithelial lymphocyte. Gut 1988;29(2):200-5. 

6. Loft DE, Marsh MN, Crowe PT. Rectal gluten challenge and diagnosis of 
coeliac disease. Lancet 1990;335(8701):1293-5. 

7. Lavö B, Knutson L, Lööf L, Odlind B, Venge P, Hällgren R. Challenge 
with gliadin induces eosinophil and mast cell activation in the jeju-
num of patients with celiac disease. Am J Med 1989;87(6):655-60. 

8. Raab Y, Hällgren R, Knutson L, Krog M, Gerdin B. A technique for seg-
mental rectal and colonic perfusion in humans. Am J Gastroenterol
1992;87(10):1453-9. 

9. Neutra MR, Mantis NJ, Kraehenbuhl JP. Collaboration of epithelial cells 
with organized mucosal lymphoid tissues. Nat Immunol
2001;2(11):1004-9. 

10. Macdonald TT, Monteleone G. Immunity, inflammation, and allergy in 
the gut. Science 2005;307(5717):1920-5. 

11. James SP. Prototypic disorders of gastrointestinal mucosal immune func-
tion: Celiac disease and Crohn's disease. J Allergy Clin Immunol
2005;115(1):25-30.

12. Ghodke Y, Joshi K, Chopra A, Patwardhan B. HLA and disease. Eur J 
Epidemiol 2005;20(6):475-88. 

13. Staros EB. Innate immunity: New approaches to understanding its clini-
cal significance. Am J Clin Pathol 2005;123(2):305-12. 

14. Hofmann SR, Ettinger R, Zhou YJ, et al. Cytokines and their role in 
lymphoid development, differentiation and homeostasis. Curr Opin 
Allergy Clin Immunol 2002;2(6):495-506. 



58

15. Raab Y, Fredens K, Gerdin B, Hällgren R. Eosinophil activation in ul-
cerative colitis: studies on mucosal release and localization of eosi-
nophil granule constituents. Dig Dis Sci 1998;43(5):1061-70. 

16. Carlson M, Raab Y, Seveus L, Xu S, Hällgren R, Venge P. Human neu-
trophil lipocalin is a unique marker of neutrophil inflammation in 
ulcerative colitis and proctitis. Gut 2002;50(4):501-6. 

17. Hällgren R, Colombel JF, Dahl R, et al. Neutrophil and eosinophil in-
volvement of the small bowel in patients with celiac disease and 
Crohn's disease: studies on the secretion rate and immunohisto-
chemical localization of granulocyte granule constituents. Am J Med
1989;86(1):56-64. 

18. Weiss SJ. Tissue destruction by neutrophils. N Engl J Med
1989;320(6):365-76. 

19. Xu S, Venge P. Lipocalins as biochemical markers of disease. Biochim
Biophys Acta 2000;1482(1-2):298-307. 

20. Capron M. Dual function of eosinophils in pathogenesis and protective 
immunity against parasites. Mem Inst Oswaldo Cruz 1992;87 Suppl 
5:83-9.

21. Lucey DR, Nicholson-Weller A, Weller PF. Mature human eosinophils 
have the capacity to express HLA-DR. Proc Natl Acad Sci U S A
1989;86(4):1348-51. 

22. Rothenberg ME. Eosinophilic gastrointestinal disorders (EGID). J Al-
lergy Clin Immunol 2004;113(1):11-28; quiz 29. 

23. Gleich GJ, Adolphson CR. The eosinophilic leukocyte: structure and 
function. Adv Immunol 1986;39:177-253. 

24. Desreumaux P, Nutten S, Colombel JF. Activated eosinophils in inflam-
matory bowel disease: do they matter? Am J Gastroenterol
1999;94(12):3396-8. 

25. Lampinen M, Rönnblom A, Amin K, et al. Eosinophil granulocytes are 
activated during the remission phase of ulcerative colitis. Gut 2005. 

26. KleinJan A, McEuen AR, Dijkstra MD, Buckley MG, Walls AF, Fok-
kens WJ. Basophil and eosinophil accumulation and mast cell de-
granulation in the nasal mucosa of patients with hay fever after local 
allergen provocation. J Allergy Clin Immunol 2000;106(4):677-86. 

27. Marshall JS, Jawdat DM. Mast cells in innate immunity. J Allergy Clin 
Immunol 2004;114(1):21-7. 

28. He SH. Key role of mast cells and their major secretory products in in-
flammatory bowel disease. World J Gastroenterol 2004;10(3):309-
18.

29. Marone G, Triggiani M, de Paulis A. Mast cells and basophils: friends as 
well as foes in bronchial asthma? Trends Immunol 2005;26(1):25-
31.

30. Body SC, Hartigan PM, Shernan SK, Formanek V, Hurford WE. Nitric 
oxide: delivery, measurement, and clinical application. J Cardiotho-
rac Vasc Anesth 1995;9(6):748-63. 

31. Kelm M, Feelisch M, Spahr R, Piper HM, Noack E, Schrader J. Quanti-
tative and kinetic characterization of nitric oxide and EDRF released 



59

from cultured endothelial cells. Biochem Biophys Res Commun
1988;154(1):236-44. 

32. Kelm M, Schrader J. Control of coronary vascular tone by nitric oxide. 
Circ Res 1990;66(6):1561-75. 

33. Moncada S, Higgs A, Furchgott R. International Union of Pharmacology 
Nomenclature in Nitric Oxide Research. Pharmacol Rev
1997;49(2):137-42. 

34. Everts B, Stotzer P, Olsson M, Kilander A, Pettersson A. Increased lu-
minal nitric oxide concentrations in the small intestine of patients 
with coeliac disease. Eur J Clin Invest 1999;29(8):692-6. 

35. Ljung T, Herulf M, Beijer E, et al. Rectal nitric oxide assessment in chil-
dren with Crohn disease and ulcerative colitis. Indicator of ileocae-
cal and colorectal affection. Scand J Gastroenterol
2001;36(10):1073-6. 

36. Olesen M, Middelveld R, Bohr J, et al. Luminal nitric oxide and epithe-
lial expression of inducible and endothelial nitric oxide synthase in 
collagenous and lymphocytic colitis. Scand J Gastroenterol
2003;38(1):66-72. 

37. McCafferty DM, Mudgett JS, Swain MG, Kubes P. Inducible nitric ox-
ide synthase plays a critical role in resolving intestinal inflammation. 
Gastroenterology 1997;112(3):1022-7. 

38. Rachmilewitz D, Karmeli F, Okon E, Bursztyn M. Experimental colitis 
is ameliorated by inhibition of nitric oxide synthase activity. Gut
1995;37(2):247-55. 

39. Pfeiffer CJ, Qiu BS. Effects of chronic nitric oxide synthase inhibition on 
TNB-induced colitis in rats. J Pharm Pharmacol 1995;47(10):827-
32.

40. Heatley RV, James PD. Eosinophils in the rectal mucosa. A simple 
method of predicting the outcome of ulcerative proctocolitis? Gut
1979;20(9):787-91. 

41. Allison MC, Poulter LW, Dhillon AP, Pounder RE. Immunohistological 
studies of surface antigen on colonic lymphoid cells in normal and 
inflamed mucosa. Comparison of follicular and lamina propria lym-
phocytes. Gastroenterology 1990;99(2):421-30. 

42. MacDonald TT, Horton MA, Choy MY, Richman PI. Increased expres-
sion of laminin/collagen receptor (VLA-1) on epithelium of in-
flamed human intestine. J Clin Pathol 1990;43(4):313-5. 

43. Nielsen OH, Gionchetti P, Ainsworth M, et al. Rectal dialysate and fecal 
concentrations of neutrophil gelatinase-associated lipocalin, inter-
leukin-8, and tumor necrosis factor-alpha in ulcerative colitis. Am J 
Gastroenterol 1999;94(10):2923-8. 

44. Raab Y, Hällgren R, Knutson L, Krog M, Gerdin B. A technique for 
segmental rectal and colonic perfusion in humans. Am J Gastroen-
terol 1992;87(10):1453-9. 

45. Raab Y, Gerdin B, Ahlstedt S, Hällgren R. Neutrophil mucosal involve-
ment is accompanied by enhanced local production of interleukin-8 
in ulcerative colitis. Gut 1993;34(9):1203-6. 



60

46. Torre P, Fusco S, Quaglia F, et al. Immune response of the coeliac nasal 
mucosa to locally-instilled gliadin. Clin Exp Immunol
2002;127(3):513-8.

47. Lahteenoja H, Maki M, Viander M, Toivanen A, Syrjanen S. Local chal-
lenge of oral mucosa with gliadin in patients with coeliac disease. 
Clin Exp Immunol 2000;120(1):38-45. 

48. Dobbins WO, 3rd, Rubin CE. Studies of the Rectal Mucosa in Celiac 
Sprue. Gastroenterology 1964;47:471-9. 

49. Sturgess RP, Loft D, Kontakou M, Crowe P, Marsh MN, Ciclitira PJ. 
Rectal epithelial gamma/delta T-lymphocyte responses to local glu-
ten challenge in coeliac disease. Scand J Gastroenterol
1993;28(9):760-2. 

50. Chowers Y, Marsh MN, De Grandpre L, Nyberg A, Theofilopoulos AN, 
Kagnoff MF. Increased proinflammatory cytokine gene expression 
in the colonic mucosa of coeliac disease patients in the early period 
after gluten challenge. Clin Exp Immunol 1997;107(1):141-7. 

51. Troncone R, Mazzarella G, Leone N, et al. Gliadin activates mucosal cell 
mediated immunity in cultured rectal mucosa from coeliac patients 
and a subset of their siblings. Gut 1998;43(4):484-9. 

52. Ensari A, Ager A, Marsh MN, Morgan S, Moriarty KJ. Time-course of 
adhesion molecule expression in rectal mucosa of gluten-sensitive 
subjects after gluten challenge. Clin Exp Immunol 1993;92(2):303-7. 

53. Salazar de Sousa J, Magalhaes Ramalho P, Soares J, Rodrigues C, Costa 
MV, da Silva A. Reaction of rectal mucosa of celiac patients to di-
rect contact with gluten. J Pediatr Gastroenterol Nutr
1988;7(3):403-5. 

54. Knutson L, Odlind B, Hällgren R. A new technique for segmental jejunal 
perfusion in man. Am J Gastroenterol 1989;84(10):1278-84. 

55. Johansson SG, Hourihane JO, Bousquet J, et al. A revised nomenclature 
for allergy. An EAACI position statement from the EAACI nomen-
clature task force. Allergy 2001;56(9):813-24. 

56. Bruijnzeel-Koomen C, Ortolani C, Aas K, et al. Adverse reactions to 
food. European Academy of Allergology and Clinical Immunology 
Subcommittee. Allergy 1995;50(8):623-35. 

57. Ferguson A. Definitions and diagnosis of food intolerance and food al-
lergy: consensus and controversy. J Pediatr 1992;121(5 Pt 2):S7-11. 

58. Young E, Stoneham MD, Petruckevitch A, Barton J, Rona R. A popula-
tion study of food intolerance. Lancet 1994;343(8906):1127-30. 

59. Rostami K, Malekzadeh R, Shahbazkhani B, Akbari MR, Catassi C. 
Coeliac disease in Middle Eastern countries: a challenge for the evo-
lutionary history of this complex disorder? Dig Liver Dis
2004;36(10):694-7.

60. Adams. Extant work of Areateus the dappadocian. London, The Syden-
ham Society 1856. 

61. Dicke WK. Coeliac disease. Investigation of the harmful effects of cer-
tain types of cereal on patients suffering from coeliac disease (dis-
sertation). University of Utrecht, the Netherlands. 1950. 



61

62. Shiner M. Duodenal biopsy. Lancet 1956;270(6906):17-9. 
63. Janatuinen EK, Kemppainen TA, Julkunen RJ, et al. No harm from five 

year ingestion of oats in coeliac disease. Gut 2002;50(3):332-5. 
64. Lundin KE, Nilsen EM, Scott HG, et al. Oats induced villous atrophy in 

coeliac disease. Gut 2003;52(11):1649-52. 
65. Arentz-Hansen H, Fleckenstein B, Molberg O, et al. The Molecular Ba-

sis for Oat Intolerance in Patients with Celiac Disease. Plos Med
2004;1(1):e1.

66. Sollid LM. Molecular basis of celiac disease. Annu Rev Immunol
2000;18:53-81. 

67. Greco L, Romino R, Coto I, et al. The first large population based twin 
study of coeliac disease. Gut 2002;50(5):624-8.

68. Dieterich W, Esslinger B, Schuppan D. Pathomechanisms in celiac dis-
ease. Int Arch Allergy Immunol 2003;132(2):98-108. 

69. Dicke WK, Weijers HA, Van De Kamer JH. Coeliac disease. II. The 
presence in wheat of a factor having a deleterious effect in cases of 
coeliac disease. Acta Paediatr 1953;42(1):34-42.

70. Shewry PR, Napier JA, Tatham AS. Seed storage proteins: structures and 
biosynthesis. Plant Cell 1995;7(7):945-56. 

71. Bietz JA. Cereal prolamin evolution and homology revealed by sequence 
analysis. Biochem Genet 1982;20(11-12):1039-53. 

72. Hansson T. Coeliac Disease Clinical and Immunological Aspects, 1999. 
73. Trier JS. Celiac sprue. N Engl J Med 1991;325(24):1709-19. 
74. Marsh MN. Gluten, major histocompatibility complex, and the small 

intestine. A molecular and immunobiologic approach to the spec-
trum of gluten sensitivity ('celiac sprue'). Gastroenterology
1992;102(1):330-54. 

75. Hausch F, Shan L, Santiago NA, Gray GM, Khosla C. Intestinal diges-
tive resistance of immunodominant gliadin peptides. Am J Physiol 
Gastrointest Liver Physiol 2002;283(4):G996-G1003. 

76. Husby S, Foged N, Host A, Svehag SE. Passage of dietary antigens into 
the blood of children with coeliac disease. Quantification and size 
distribution of absorbed antigens. Gut 1987;28(9):1062-72. 

77. Bowness JM, Tarr AH, Wong T. Increased transglutaminase activity 
during skin wound healing in rats. Biochim Biophys Acta
1988;967(2):234-40. 

78. Griffin M, Casadio R, Bergamini CM. Transglutaminases: nature's bio-
logical glues. Biochem J 2002;368(Pt 2):377-96. 

79. Dickey W, McMillan SA, Hughes DF. Sensitivity of serum tissue trans-
glutaminase antibodies for endomysial antibody positive and nega-
tive coeliac disease. Scand J Gastroenterol 2001;36(5):511-4.

80. Maiuri L, Ciacci C, Ricciardelli I, et al. Association between innate re-
sponse to gliadin and activation of pathogenic T cells in coeliac dis-
ease. Lancet 2003;362(9377):30-7. 

81. Matzinger P. The danger model: a renewed sense of self. Science
2002;296(5566):301-5. 



62

82. Catassi C, Ratsch IM, Fabiani E, et al. Coeliac disease in the year 2000: 
exploring the iceberg. Lancet 1994;343(8891):200-3. 

83. Grodzinsky E, Franzen L, Hed J, Strom M. High prevalence of celiac 
disease in healthy adults revealed by antigliadin antibodies. Ann Al-
lergy 1992;69(1):66-70. 

84. Ivarsson A, Persson LA, Juto P, Peltonen M, Suhr O, Hernell O. High 
prevalence of undiagnosed coeliac disease in adults: a Swedish 
population-based study. J Intern Med 1999;245(1):63-8. 

85. Mylotte M, Egan-Mitchell B, McCarthy CF, McNicholl B. Coeliac dis-
ease in the West of Ireland. Br Med J 1973;3(5878):498-9. 

86. Catassi C, Ratsch IM, Fabiani E, et al. High prevalence of undiagnosed 
coeliac disease in 5280 Italian students screened by antigliadin anti-
bodies. Acta Paediatr 1995;84(6):672-6. 

87. Fasano A, Berti I, Gerarduzzi T, et al. Prevalence of celiac disease in at-
risk and not-at-risk groups in the United States: a large multicenter 
study. Arch Intern Med 2003;163(3):286-92. 

88. Berger E. [Allergic pathogenesis of celiac disease with studies of the 
splitting up of pathogenic antigens by enzymes.]. Bibl Paediatr
1958;6(67):1-55. 

89. Kilander AF, Dotevall G, Fallstrom SP, Gillberg RE, Nilsson LA, 
Tarkowski A. Evaluation of gliadin antibodies for detection of 
coeliac disease. Scand J Gastroenterol 1983;18(3):377-83. 

90. Volta U, Lenzi M, Lazzari R, et al. Antibodies to gliadin detected by 
immunofluorescence and a micro-ELISA method: markers of active 
childhood and adult coeliac disease. Gut 1985;26(7):667-71. 

91. Grodzinsky E, Hed J, Lieden G, Sjogren F, Strom M. Presence of IgA 
and IgG antigliadin antibodies in healthy adults as measured by mi-
cro-ELISA. Effect of various cutoff levels on specificity and sensi-
tivity when diagnosing coeliac disease. Int Arch Allergy Appl Immu-
nol 1990;92(2):119-23. 

92. Bardella MT, Molteni N, Cesana B, Baldassarri AR, Binanchi PA. IgA 
antigliadin antibodies, cellobiose/mannitol sugar test, and carotene-
mia in the diagnosis of and screening for celiac disease. Am J Gas-
troenterol 1991;86(3):309-11. 

93. Kelly CP, Feighery CF, Gallagher RB, Gibney MJ, Weir DG. Mucosal 
and systemic IgA anti-gliadin antibody in celiac disease. Contrasting 
patterns of response in serum, saliva, and intestinal secretions. Dig
Dis Sci 1991;36(6):743-51. 

94. Maki M, Holm K, Lipsanen V, et al. Serological markers and HLA genes 
among healthy first-degree relatives of patients with coeliac disease. 
Lancet 1991;338(8779):1350-3. 

95. Chorzelski TP, Sulej J, Tchorzewska H, Jablonska S, Beutner EH, 
Kumar V. IgA class endomysium antibodies in dermatitis herpeti-
formis and coeliac disease. Ann N Y Acad Sci 1983;420:325-34. 

96. Hallstrom O. Comparison of IgA-class reticulin and endomysium anti-
bodies in coeliac disease and dermatitis herpetiformis. Gut
1989;30(9):1225-32. 



63

97. Volta U, Molinaro N, Fusconi M, Cassani F, Bianchi FB. IgA antiendo-
mysial antibody test. A step forward in celiac disease screening. Dig
Dis Sci 1991;36(6):752-6. 

98. McMillan SA, Haughton DJ, Biggart JD, Edgar JD, Porter KG, McNeill 
TA. Predictive value for coeliac disease of antibodies to gliadin, en-
domysium, and jejunum in patients attending for jejunal biopsy. Bmj
1991;303(6811):1163-5. 

99. Valdimarsson T, Franzen L, Grodzinsky E, Skogh T, Strom M. Is small 
bowel biopsy necessary in adults with suspected celiac disease and 
IgA anti-endomysium antibodies? 100% positive predictive value 
for celiac disease in adults. Dig Dis Sci 1996;41(1):83-7. 

100. Dieterich W, Ehnis T, Bauer M, et al. Identification of tissue transglu-
taminase as the autoantigen of celiac disease. Nat Med
1997;3(7):797-801. 

101. Rostom A, Dube C, Cranney A, et al. The diagnostic accuracy of sero-
logic tests for celiac disease: a systematic review. Gastroenterology
2005;128(4 Suppl 1):S38-46. 

102. Lankisch PG, Martinez Schramm A, Petersen F, Droge M, Lehnick D, 
Lembcke B. Diagnostic intervals for recognizing celiac disease. Z
Gastroenterol 1996;34(8):473-7.

103. McNeish AS, Harms HK, Rey J, Shmerling DH, Visakorpi JK, Walker-
Smith JA. The diagnosis of coeliac disease. A commentary on the 
current practices of members of the European Society for Paediatric 
Gastroenterology and Nutrition (ESPGAN). Arch Dis Child
1979;54(10):783-6.

104. Green PHR, Stavropoulos SN, Panagi SG, et al. Characteristics of adult 
celiac disease in the USA: results of a national survey. Am J Gastro-
enterol 2001;96(1):126-31. 

105. Sanders DS, Carter MJ, Hurlstone DP, et al. Association of adult 
coeliac disease with irritable bowel syndrome: a case-control study 
in patients fulfilling ROME II criteria referred to secondary care. 
Lancet 2001;358(9292):1504-8. 

106. Zipser RD, Patel S, Yahya KZ, Baisch DW, Monarch E. Presentations 
of adult celiac disease in a nationwide patient support group. Dig
Dis Sci 2003;48(4):761-4. 

107. Chin RL, Sander HW, Brannagan TH, et al. Celiac neuropathy. Neurol-
ogy 2003;60(10):1581-5. 

108. Sander HW, Magda P, Chin RL, et al. Cerebellar ataxia and coeliac 
disease. Lancet 2003;362(9395):1548. 

109. Dean D Metcalfe HAS, Ronald A Simon. Food Allergy: Adverse Reac-
tions to Foods and Food Additives. Third ed, 2003. 

110. Bai D, Brar P, Holleran S, Ramakrishnan R, Green PH. Effect of gender 
on the manifestations of celiac disease: evidence for greater malab-
sorption in men. Scand J Gastroenterol 2005;40(2):183-7. 

111. Ventura A, Magazzu G, Greco L. Duration of exposure to gluten and 
risk for autoimmune disorders in patients with celiac disease. SIGEP 



64

Study Group for Autoimmune Disorders in Celiac Disease. Gastro-
enterology 1999;117(2):297-303. 

112. Jacobson DL, Gange SJ, Rose NR, Graham NM. Epidemiology and 
estimated population burden of selected autoimmune diseases in the 
United States. Clin Immunol Immunopathol 1997;84(3):223-43. 

113. Collin P, Reunala T, Pukkala E, Laippala P, Keyrilainen O, Pasternack 
A. Coeliac disease--associated disorders and survival. Gut
1994;35(9):1215-8. 

114. Hansson T, Anneren G, Sjoberg O, Klareskog L, Dannaeus A. Celiac 
disease in relation to immunologic serum markers, trace elements, 
and HLA-DR and DQ antigens in Swedish children with Down syn-
drome. J Pediatr Gastroenterol Nutr 1999;29(3):286-92. 

115. Catassi C, Bearzi I, Holmes GK. Association of celiac disease and in-
testinal lymphomas and other cancers. Gastroenterology 2005;128(4
Suppl 1):S79-86. 

116. Bushara KO. Neurologic presentation of celiac disease. Gastroenterol-
ogy 2005;128(4 Suppl 1):S92-7. 

117. Freeman HJ. Collagenous colitis as the presenting feature of biopsy-
defined celiac disease. J Clin Gastroenterol 2004;38(8):664-8.

118. Collin P, Thorell L, Kaukinen K, Maki M. The safe threshold for gluten 
contamination in gluten-free products. Can trace amounts be ac-
cepted in the treatment of coeliac disease? Aliment Pharmacol Ther
2004;19(12):1277-83. 

119. Stern M, Ciclitira PJ, van Eckert R, et al. Analysis and clinical effects 
of gluten in coeliac disease. Eur J Gastroenterol Hepatol
2001;13(6):741-7. 

120. Kumar PJ, O'Donoghue DP, Stenson K, Dawson AM. Reintroduction 
of gluten in adults and children with treated coeliac disease. Gut
1979;20(9):743-9. 

121. Faulkner-Hogg KB, Selby WS, Loblay RH. Dietary analysis in symp-
tomatic patients with coeliac disease on a gluten-free diet: the role of 
trace amounts of gluten and non-gluten food intolerances. Scand J 
Gastroenterol 1999;34(8):784-9.

122. Selby WS, Painter D, Collins A, Faulkner-Hogg KB, Loblay RH. Per-
sistent mucosal abnormalities in coeliac disease are not related to the 
ingestion of trace amounts of gluten. Scand J Gastroenterol
1999;34(9):909-14. 

123. Baker AL, Rosenberg IH. Refractory sprue: recovery after removal of 
nongluten dietary proteins. Ann Intern Med 1978;89(4):505-8.

124. Ament ME, Rubin CE. Soy protein--another cause of the flat intestinal 
lesion. Gastroenterology 1972;62(2):227-34. 

125. Walker-Smith J, Harrison M, Kilby A, Phillips A, France N. Cows' 
milk-sensitive enteropathy. Arch Dis Child 1978;53(5):375-80. 

126. Bahna SL. Cow's milk allergy versus cow milk intolerance. Ann Allergy 
Asthma Immunol 2002;89(6 Suppl 1):56-60. 

127. Fiocchi A, Bouygue GR, Restani P, Bonvini G, Startari R, Terracciano 
L. Accuracy of skin prick tests in IgE-mediated adverse reactions to 



65

bovine proteins. Ann Allergy Asthma Immunol 2002;89(6 Suppl 
1):26-32. 

128. Bischoff S, Crowe SE. Gastrointestinal food allergy: New insights into 
pathophysiology and clinical perspectives. Gastroenterology
2005;128(4):1089-113. 

129. Kokkonen J, Haapalahti M, Laurila K, Karttunen TJ, Maki M. Cow's 
milk protein-sensitive enteropathy at school age. J Pediatr
2001;139(6):797-803. 

130. Savilahti E. Food-induced malabsorption syndromes. J Pediatr Gastro-
enterol Nutr 2000;30 Suppl:S61-6.

131. Binder V. A comparison between clinical state, macroscopic and micro-
scopic appearances of rectal mucosa, and cytologic picture of muco-
sal exudate in ulcerative colitis. Scand J Gastroenterol
1970;5(7):627-32. 

132. Baron JH CA, Lennard Jones JE. Variation between describing mucosal 
appearance in proctocolitis. Br Med J 1964(1):89-92. 

133. Thompson WG, Longstreth GF, Drossman DA, Heaton KW, Irvine EJ, 
Muller-Lissner SA. Functional bowel disorders and functional ab-
dominal pain. Gut 1999;45 Suppl 2:II43-7.

134. Geboes K, Riddell R, Ost A, Jensfelt B, Persson T, Lofberg R. A repro-
ducible grading scale for histological assessment of inflammation in 
ulcerative colitis. Gut 2000;47(3):404-9. 

135. Xu SY, Petersson CG, Carlson M, Venge P. The development of an 
assay for human neutrophil lipocalin (HNL)--to be used as a specific 
marker of neutrophil activity in vivo and vitro. J Immunol Methods
1994;171(2):245-52. 

136. Herulf M, Ljung T, Hellstrom PM, Weitzberg E, Lundberg JO. In-
creased luminal nitric oxide in inflammatory bowel disease as shown 
with a novel minimally invasive method. Scand J Gastroenterol
1998;33(2):164-9. 

137. Hendel J, Nielsen OH, Madsen S, Brynskov J. A simple filter-paper 
technique allows detection of mucosal cytokine levels in vivo in ul-
cerative colitis. Interleukin-1 and interleukin-1-receptor antagonist. 
Dig Dis Sci 1996;41(9):1775-9. 

138. Saitoh H, Takagaki K, Nakamura T, Munakata A, Yoshida Y, Endo M. 
Characterization of mucin in whole-gut lavage fluid obtained from 
patients with inflammatory bowel disease. Dig Dis Sci
1996;41(9):1768-74. 

139. Hallgren R, Colombel JF, Dahl R, et al. Neutrophil and eosinophil in-
volvement of the small bowel in patients with celiac disease and 
Crohn's disease: studies on the secretion rate and immunohisto-
chemical localization of granulocyte granule constituents. Am J Med
1989;86(1):56-64. 

140. Peterson CG, Eklund E, Taha Y, Raab Y, Carlson M. A new method for 
the quantification of neutrophil and eosinophil cationic proteins in 
feces: establishment of normal levels and clinical application in pa-



66

tients with inflammatory bowel disease. Am J Gastroenterol
2002;97(7):1755-62. 

141. Bischoff SC, Grabowsky J, Manns MP. Quantification of inflammatory 
mediators in stool samples of patients with inflammatory bowel dis-
orders and controls. Dig Dis Sci 1997;42(2):394-403. 

142. Wheeler PG, Menzies IS, Creamer B. Effect of hyperosmolar stimuli 
and coeliac disease on the permeability of the human gastrointestinal 
tract. Clin Sci Mol Med 1978;54(5):495-501. 

143. Bernstein CN, Shanahan F, Anton PA, Weinstein WM. Patchiness of 
mucosal inflammation in treated ulcerative colitis: a prospective 
study. Gastrointest Endosc 1995;42(3):232-7. 

144. Kleer CG, Appelman HD. Ulcerative colitis: patterns of involvement in 
colorectal biopsies and changes with time. Am J Surg Pathol
1998;22(8):983-9. 

145. Taha Y, Carlson M, Thörn M, Lööf L, Raab Y. Evidence of local eosi-
nophil activation and altered mucosal permeability in collagenous 
colitis. Dig Dis Sci 2001;46(4):888-97. 

146. Khan I CS. Is there an inflammatory basis for a subset of patients pre-
senting with diarrhoea in the irritable bowel syndrome. Gastroen-
terology 1994;106:A523.

147. Lee E, Schiller LR, Fordtran JS. Quantification of colonic lamina pro-
pria cells by means of a morphometric point-counting method. Gas-
troenterology 1988;94(2):409-18. 

148. Chadwick VS, Chen W, Shu D, et al. Activation of the mucosal im-
mune system in irritable bowel syndrome. Gastroenterology
2002;122(7):1778-83. 

149. Spiller RC, Jenkins D, Thornley JP, et al. Increased rectal mucosal en-
teroendocrine cells, T lymphocytes, and increased gut permeability 
following acute Campylobacter enteritis and in post-dysenteric irri-
table bowel syndrome. Gut 2000;47(6):804-11. 

150. O'Sullivan M, Clayton N, Breslin NP, et al. Increased mast cells in the 
irritable bowel syndrome. Neurogastroenterol Motil
2000;12(5):449-57. 

151. Tibble J, Teahon K, Thjodleifsson B, et al. A simple method for assess-
ing intestinal inflammation in Crohn's disease. Gut 2000;47(4):506-
13.

152. Schuppan D. Current concepts of celiac disease pathogenesis. Gastro-
enterology 2000;119(1):234-42. 

153. Lavo B, Knutson L, Loof L, Odlind B, Venge P, Hallgren R. Challenge 
with gliadin induces eosinophil and mast cell activation in the jeju-
num of patients with celiac disease. Am J Med 1989;87(6):655-60. 

154. Hide M, Francis DM, Grattan CE, Hakimi J, Kochan JP, Greaves MW. 
Autoantibodies against the high-affinity IgE receptor as a cause of 
histamine release in chronic urticaria. N Engl J Med
1993;328(22):1599-604. 

155. Daeron M, Prouvost-Danon A, Voisin GA. Mast cell membrane anti-
gens and Fc receptors in anaphylaxis. II. Functionally distinct recep-



67

tors for IgG and for IgE on mouse mast cells. Cell Immunol
1980;49(1):178-89. 

156. Okayama Y, Kirshenbaum AS, Metcalfe DD. Expression of a func-
tional high-affinity IgG receptor, Fc gamma RI, on human mast 
cells: Up-regulation by IFN-gamma. J Immunol 2000;164(8):4332-
9.

157. Tkaczyk C, Okayama Y, Woolhiser MR, Hagaman DD, Gilfillan AM, 
Metcalfe DD. Activation of human mast cells through the high affin-
ity IgG receptor. Mol Immunol 2002;38(16-18):1289-93. 

158. Breen EG, Coughlan G, Connolly CE, Stevens FM, McCarthy CF. 
Coeliac proctitis. Scand J Gastroenterol 1987;22(4):471-7.

159. Ansaldi N, Santini B, Dell'olio D, Levis F. Proctosigmoiditis and 
coeliac disease. Arch Dis Child 1978;53(8):645-8. 

160. Niveloni S, Weksler-Zangen S, Pedreira S, et al. Time course of nitric 
oxide synthase generation after gluten exposure in the rectal mucosa 
of gluten-sensitive patients. Scand J Gastroenterol
2000;35(11):1150-6. 

161. Grisham MB, Pavlick KP, Laroux FS, Hoffman J, Bharwani S, Wolf 
RE. Nitric oxide and chronic gut inflammation: controversies in in-
flammatory bowel disease. J Investig Med 2002;50(4):272-83. 

162. Herulf M, Blomquist L, Ljung T, Weitzberg E, Lundberg JO. Increased 
rectal nitric oxide in coeliac disease after local challenge with glu-
ten. Scand J Gastroenterol 2001;36(2):169-73. 

163. Forstermann U, Pollock JS, Tracey WR, Nakane M. Isoforms of nitric-
oxide synthase: purification and regulation. Methods Enzymol
1994;233:258-64. 

164. Nathan C, Xie QW. Nitric oxide synthases: roles, tolls, and controls. 
Cell 1994;78(6):915-8. 

165. Fischer A, Folkerts G, Geppetti P, Groneberg DA. Mediators of asthma: 
nitric oxide. Pulm Pharmacol Ther 2002;15(2):73-81. 

166. Barnes PJ, Belvisi MG. Nitric oxide and lung disease. Thorax
1993;48(10):1034-43. 

167. Forsythe P, Gilchrist M, Kulka M, Befus AD. Mast cells and nitric ox-
ide: control of production, mechanisms of response. Int Immuno-
pharmacol 2001;1(8):1525-41. 

168. Payne DN, Adcock IM, Wilson NM, Oates T, Scallan M, Bush A. Rela-
tionship between exhaled nitric oxide and mucosal eosinophilic in-
flammation in children with difficult asthma, after treatment with 
oral prednisolone. Am J Respir Crit Care Med 2001;164(8 Pt 
1):1376-81. 

169. Horvath I, Donnelly LE, Kiss A, et al. Combined use of exhaled hydro-
gen peroxide and nitric oxide in monitoring asthma. Am J Respir 
Crit Care Med 1998;158(4):1042-6. 

170. Jatakanon A, Lim S, Kharitonov SA, Chung KF, Barnes PJ. Correlation 
between exhaled nitric oxide, sputum eosinophils, and methacholine 
responsiveness in patients with mild asthma. Thorax 1998;53(2):91-
5.



68

171. del Pozo V, de Arruda-Chaves E, de Andres B, et al. Eosinophils tran-
scribe and translate messenger RNA for inducible nitric oxide syn-
thase. J Immunol 1997;158(2):859-64. 

172. Lim S, Jatakanon A, Meah S, Oates T, Chung KF, Barnes PJ. Relation-
ship between exhaled nitric oxide and mucosal eosinophilic inflam-
mation in mild to moderately severe asthma. Thorax
2000;55(3):184-8. 

173. Jatakanon A, Uasuf C, Maziak W, Lim S, Chung KF, Barnes PJ. Neu-
trophilic inflammation in severe persistent asthma. Am J Respir Crit 
Care Med 1999;160(5 Pt 1):1532-9. 

174. Clancy RM, Amin AR, Abramson SB. The role of nitric oxide in in-
flammation and immunity. Arthritis Rheum 1998;41(7):1141-51. 

175. Lander HM. An essential role for free radicals and derived species in 
signal transduction. Faseb J 1997;11(2):118-24. 

176. Hamid Q, Springall DR, Riveros-Moreno V, et al. Induction of nitric 
oxide synthase in asthma. Lancet 1993;342(8886-8887):1510-3. 

177. Singer, II, Kawka DW, Scott S, et al. Expression of inducible nitric 
oxide synthase and nitrotyrosine in colonic epithelium in inflamma-
tory bowel disease. Gastroenterology 1996;111(4):871-85. 

178. Troncone R, Auricchio S, De Vincenzi M, Donatiello A, Farris E, Si-
lano V. An analysis of cereals that react with serum antibodies in pa-
tients with coeliac disease. J Pediatr Gastroenterol Nutr
1987;6(3):346-50. 

179. Falth-Magnusson K, Jansson G, Stenhammar L, Magnusson KE. Serum 
food antibodies analyzed by enzyme-linked immunosorbent assay 
(ELISA) and diffusion-in-gel (DIG)-ELISA methods in children 
with and without celiac disease. J Pediatr Gastroenterol Nutr
1994;18(1):56-62. 

180. Labrooy JT, Hohmann AW, Davidson GP, Hetzel PA, Johnson RB, 
Shearman DJ. Intestinal and serum antibody in coeliac disease: a 
comparison using ELISA. Clin Exp Immunol 1986;66(3):661-8. 

181. Hvatum M, Scott H, Brandtzaeg P. Serum IgG subclass antibodies to a 
variety of food antigens in patients with coeliac disease. Gut
1992;33(5):632-8. 

182. Lerner A, Rossi TM, Park B, Albini B, Lebenthal E. Serum antibodies 
to cow's milk proteins in pediatric inflammatory bowel disease. 
Crohn's disease versus ulcerative colitis. Acta Paediatr Scand
1989;78(3):384-9. 

183. Scott H, Ek J, Havnen J, et al. Serum antibodies to dietary antigens: a 
prospective study of the diagnostic usefulness in celiac disease of 
children. J Pediatr Gastroenterol Nutr 1990;11(2):215-20. 

184. Sulkanen S, Halttunen T, Laurila K, et al. Tissue transglutaminase 
autoantibody enzyme-linked immunosorbent assay in detecting ce-
liac disease. Gastroenterology 1998;115(6):1322-8. 

185. Freitag T, Schulze-Koops H, Niedobitek G, Melino G, Schuppan D. 
The role of the immune response against tissue transglutaminase in 



69

the pathogenesis of coeliac disease. Autoimmun Rev 2004;3(2):13-
20.

186. Tuckova L, Novotna J, Novak P, et al. Activation of macrophages by 
gliadin fragments: isolation and characterization of active peptide. J
Leukoc Biol 2002;71(4):625-31. 

187. Langner A, Christophers E. Human leukocyte chemotaxis induced by 
gluten. Br J Dermatol 1977;97(4):460-1. 

188. Lewis SL, Van Epps DE. Demonstration of specific receptors for fluo-
resceinated casein on human neutrophils and monocytes using flow 
cytometry. Inflammation 1983;7(4):363-75. 

189. Altschul SF, Madden TL, Schaffer AA, et al. Gapped BLAST and PSI-
BLAST: a new generation of protein database search programs. Nu-
cleic Acids Res 1997;25(17):3389-402. 

190. Schuppan D, Esslinger B, Dieterich W. Innate immunity and coeliac 
disease. Lancet 2003;362(9377):3-4. 

191. Bizzaro N, Villalta D, Tonutti E, Tampoia M, Bassetti D, Tozzoli R. 
Association of celiac disease with connective tissue diseases and 
autoimmune diseases of the digestive tract. Autoimmun Rev
2003;2(6):358-63. 

192. Triolo G, Accardo-Palumbo A, Dieli F, et al. Humoral and cell medi-
ated immune response to cow's milk proteins in Behcet's disease. 
Ann Rheum Dis 2002;61(5):459-62. 

193. Monetini L, Barone F, Stefanini L, et al. Establishment of T cell lines to 
bovine beta-casein and beta-casein-derived epitopes in patients with 
type 1 diabetes. J Endocrinol 2003;176(1):143-50. 

194. Riemekasten G, Marell J, Hentschel C, et al. Casein is an essential co-
factor in autoantibody reactivity directed against the C-terminal 
SmD1 peptide AA 83-119 in systemic lupus erythematosus. Im-
munobiology 2002;206(5):537-45. 

195. Talley NJ. Irritable bowel syndrome: definition, diagnosis and epidemi-
ology. Baillieres Best Pract Res Clin Gastroenterol 1999;13(3):371-
84.




	Abstract
	List of Papers
	Contents
	Abbreviations
	Introduction
	Background
	Gut immune system
	Humoral inflammatory mediators in gut and their use as markers of activated granulocytes
	Nitric oxide as a marker of inflammation

	Methods to evaluate gut inflammation
	Food hypersensitivity
	Coeliac disease
	Milk protein allergies/intolerance


	Aims of present investigation
	Ethics
	Patients and Methods
	Results
	General discussion
	The Mucosal patch technique
	Kinetics of inflammatory reaction seen after rectal gluten challenge
	Kinetics of NO production after rectal gluten challenge
	Food hypersensitivity in coeliac disease
	Corn gluten
	Milk protein


	Conclusions
	Clinical implication and future

	Acknowledgments
	References

