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AP alkaline phosphatase 
BSA  bovine serum albumin 
CGRP calcitonin gene-related peptide 
ChAT choline acetyltransferase 
CNS central nervous system 
EIA enzyme immunosorbent assay 
ELISA enzyme-linked immunosorbent assay 
FITC fluorescein isothiocyanate 
GI gastrointestinal 
Htx hematoxylin  
IBD inflammatory bowel disease 
IHC immunohistochemistry 
IR  immunoreactions 
ISH in situ hybridization 
-LI -like immunoreactions 
M2  muscarinic receptor 2 
NK-1R  neurokinin-1 receptor 
PACAP pituitary adenylate cyclase-activating polypeptide  
PAP peroxidase-antiperoxidase 
PBS  phosphate-buffered saline 
RT room temperature 
SP  substance P 
SSC saline sodium citrate 
STE sodium chloride–tris–EDTA buffer 
TACR1 tachykinin receptor 1 
TRITC tetramethylrhodamine isothiocyanate 
UC ulcerative colitis 
VAChT vesicular acetylcholine transporter 
VIP vasoactive intestinal peptide 
VPAC1 vasoactive intestinal peptide/pituitary adenylate cyclase 
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Abstract 
Ulcerative colitis (UC) is a chronic relapsing inflammatory bowel disease. 

Neuropeptides, especially vasoactive intestinal peptide (VIP) and substance P (SP), 

have long been considered to play key roles in UC. Among other effects, these 

neuropeptides have trophic and growth-modulating as well as wound-healing effects. 

Furthermore, whilst VIP has anti-inflammatory properties, SP has pro-inflammatory 

effects. It is generally assumed that the main source of SP and VIP in the intestine is 

the tissue innervation. It is not known whether or not they are produced in the 

epithelial layer. The details concerning the expressions of their receptors in UC are 

also, to a great extent, unclear. Apart from the occurrence of peptidergic systems in 

the intestine, there are also neuronal as well as non-neuronal cholinergic systems. 

The pattern concerning the latter is unknown with respect to UC.  

The studies in this thesis aimed to investigate the expression of SP and VIP and 

their major receptors (NK-1R and VPAC1) in UC colon, compared to non-UC colon. 

The main emphasis was devoted to the epithelium. A second aim was to examine for 

levels of these neuropeptides in blood plasma in UC. Another aim was to examine for 

the non-neuronal cholinergic system in UC, thus, to investigate whether there is 

acetylcholine production outside nerves in the UC colon. Methods used in the thesis 

were immunohistochemistry, in situ hybridization, enzyme immunosorbent assay, 

and in vitro receptor autoradiography. 

For the first time, mRNA for VIP and SP has here been found in the colonic 

epithelium. That was especially noted in UC mucosa showing a rather normal 

morphology, and in non-UC mucosa. Marked derangement of the mucosa was found 

to lead to a distinct decrease in VIP binding, and also a decrease in the expression 

level of VIP receptor VPAC1 in the epithelium. In general, there was an upregulation 

of the SP receptor NK-1R in the epithelium when the mucosa was deranged. The 

plasma levels of SP and VIP were higher for UC patients compared to healthy 

controls. There were marked correlations between the levels of the peptides in 

plasma, their levels in the mucosa and the degree of mucosal 

derangement/inflammation. A pronounced nonneuronal cholinergic system was 

found in both UC and non-UC colon. Certain changes occurred in this system in 

response to inflammation/derangement in UC.  

The present study shows unexpectedly that expressions for VIP and SP are not 

only related to the nerve structures and the inflammatory cells. The downregulation 

of VPAC1 expression, and the tendencies of upregulation of NK-1R expression levels 

when there is marked tissue derangement, may be a drawback for the intestinal 

function. The study also shows that there is a marked release of neuropeptides to the 

bloodstream in parallel with a marked derangement of the mucosa in UC. The 

cholinergic effects in the UC colon appear not only to be associated with nerve-

related effects, but also effects of acetylcholine produced in local non-neuronal cells. 

The thesis shows that local productions for not only acetylcholine, but also SP and 

VIP, occur to a larger extent than previously considered.  
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Introduction 

Anatomy of the large intestine 
The large intestine, also called the large bowel, has a length of approximately 
1.5 meters. The large intestine is the last part of the digestive system and 
consists of cecum with vermiform appendix, colon, and rectum. Below the 
rectum is the anal canal. The colon is divided into four different segments, 
named ascending colon, transverse colon, descending colon and sigmoid 
colon (see Fig. 1). 

 
Fig 1. The anatomy of the large intestine.  

The overall function of the large intestine is the completion of fluid 
absorption, the manufacturing of certain vitamins, the formation of feces, 
and the expulsion of feces from the body. Bacteria are very frequent in the 
feces.  

Histology of the colon 
The colonic wall is divided into different layers: mucosa, submucosa, the 
muscle layers and the serosa (Fig. 2). The mucosa consists of the epithelial 
layer and the lamina propria. Beneath the lamina propria there is a smooth 
muscle layer, the muscularis mucosae, which is a thin muscle layer that 
consists of longitudinal and circular strands.  

The mucosa is lined with a simple columnar epithelium, and consists of 
columnar absorptive cells, goblet cells, and endocrine cells. Paneth cells 



Maria Jönsson, 2009 

10 

infrequently occur. There are also some intraepithelial lymphocytes in the 
basolateral part of the epithelium. The absorptive cells absorb water and 
electrolytes. The goblet cells are unicellular mucus glands that secrete mucin 
to lubricate the lumen. The endocrine cells affect both local cells (paracrine 
function) and distant cells (endocrine function), and they also secrete 
products into the lamina propria.  

Villi are, in contrast to the situation for the small intestine, not formed in 
the colon. Straight tubules (crypts; glands) extend through the entire 
thickness of the mucosa. These crypts, called crypts of Lieberkühn, have a 
length of up to 0.5 mm. Goblet cells are frequent in these crypts, and there 
are proliferating, in principle undifferentiated cells, at the bottom of the 
crypts. There is a rapid regeneration of the epithelium, with a replacement 
every 6 to 7 days (1).  

The lamina propria contains scattered fibroblasts, immunoactive cells and 
lymph nodules that extend into the submucosa. Furthermore, there are 
nerve fibers (cf. below), blood vessels, and lymphatic vessels in the lamina 
propria. The arteries have their origin in the superior mesenteric (iliocolic, 
right and middle colic arteries) and inferior mesenteric (left colic artery, 
sigmoidal arteries and superior rectal artery) arteries. The veins drain into 
the portal vein.  

Fig. 2. The histology and innervation of the large intestine.  
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The submucosa is a layer of loose connective tissue that derives its name 
from its position beneath the mucosa. In the submucosa, the submucous 
plexus with its nerve branches and frequent blood vessels are located. 
Scattered immunoactive cells are also found here.  

The smooth muscle layer consists of the inner circular layer and the outer 
longitudinal layer. Between these muscle layers a main part of the myenteric 
plexus is located (Fig. 2). Groups of nerve cells (small ganglia) and large 
nerve bundles can be seen here. The branches of the plexus are distributed 
throughout the muscle layers. The outer longitudinal muscle layer is not 
continuous, but forms muscle fascicles known as taeniae coli. These 
discontinuities allow segments of the colon to contract independently.  

There is also a serous coat, which is composed of a thin connective tissue 
layer covered by mesothelium. It expands into the appendices epiploicae in 
its free portion. These are extensions that mainly consist of adipose tissue.  

Intestinal innervation – General aspects 

The enteric nervous system 
The British physiologist Langley described the autonomic nervous system 
(ANS) in a classic monography in 1921 (2). In this monography, but in fact, 
also previously, in 1917 (3), the enteric nervous system (ENS) was described 
to a certain extent. The ENS belongs to the ANS. The ENS can nevertheless 
function independently of the central nervous system (CNS). When isolated 
from the CNS, the ENS can thus mediate reflex activity. The ENS modulates 
the processes of motility, secretion, microcirculation and reflexes in the 
gastrointestinal (GI) tract (4) (see Fig. 2). In recent years, the interplay 
between the ENS and the immune system has also been increasingly 
appreciated (5).  

The ENS is a complex and well-organized network of neurons. The ENS 
consists of 100 millions of neurons, and these are organized into the 
myenteric and submucous plexuses (6). The myenteric plexus (plexus of 
Auerbach) provides motor innervation to the muscle layers and some 
secretomotor innervation to the mucosa. The myenteric ganglia, to a certain 
extent, innervate adjacent myenteric ganglia and submucous ganglia. The 
submucous plexus (plexus of Meissner) innervates the muscularis mucosae, 
intestinal endocrine cells, glandular epithelium and submucosal blood 
vessels (4). Different submucous ganglia can give branches to each other (7, 
8). The neurons of the ENS form varicosities in their terminal parts.  

Functionally, the neurons in the ENS are motor, sensory or interneurons 
(9). The motor neurons stimulate or inhibit smooth muscle contraction and 
gland secretion. The interneurons interconnect neurons of the myenteric and 
submucous plexuses, hereby interconnecting sensory and motor neurons to 
each other (10). There is also an extrinsic innervation to the intestine; this 
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innervation is in certain literature referred to as the “external part” of the 
ENS. The extrinsic innervation corresponds to preganglionic neurons of the 
parasympathetic nervous system (vagal nerve and nerves from sacral 
segments), postganglionic fibers of the sympathetic innervation, and sensory 
neurons. The first mentioned are destined for the ganglionic accumulations 
of the myenteric and submucous plexuses. The sympathetic fibers emerge via 
the celiac plexus and are particularly destined for the blood vessels.  

There are primary sensory neurons that respond to mechanical, chemical 
and thermal stimuli. It is a matter of debate to what extent the sensory nerve 
endings are of an efferent nature and part of the intrinsic ENS. The sensory 
neurons that innervate the mucosa are described to partly be extrinsic and 
partly conform to intrinsic afferent neurons (11). In any case, sensory 
neurons play a protective role through several mechanisms. These include 
sensations of pain, induction of autonomic reflexes, induction of 
neuroendocrine responses, and initiation of protective tissue reactions at the 
site of assault (12). Within the gut, the protective mechanisms triggered by 
sensory neurons comprise alterations in blood flow, secretion and motility, 
and modifications of immune function.  

The neurons in the mucosa are in close contact with two important non-
neural surveillance systems: endocrine and immune cells (12).  

Neurotransmitters in the GI tract 
Neurotransmitters are substances that transmit signals between neurons and 
from neurons to cells, and that activate receptors. The neuron is classified as 
cholinergic if it secretes acetylcholine (ACh) and adrenergic if it secretes 
noradrenaline (norepinephrine). The classical transmitters of the GI tract are 
ACh and noradrenaline. However, as early as the 1960s, non-adrenergic, 
non-cholinergic (NANC) neurons were also found to be involved in the 
innervation of the GI tract (13) (see (8) for a review). Several neuropeptides, 
functioning as neuromodulators, and also mediators such as nitric oxide are 
known to be involved in the NANC innervation.  

The cholinergic system 

The neuronal cholinergic system 
The neuronal cholinergic system (parasympathetic system) is classically 
constructed of preganglionic and postganglionic parts. The cell bodies of the 
latter are coalesced into large or small ganglia. Concerning the colon, these 
ganglia correspond to accumulations of neuronal cell bodies within the 
submucous and myenteric plexuses. The ENS corresponds thus to a large 
extent to the postganglionic parts of the cholinergic system (cf. above).  

ACh is synthesized in nerve terminals from choline and acetyl-CoA by 
choline acetyltransferase (ChAT), and is then translocated to synaptic 



Neuronal and non-neuronal SP, VIP and cholinergic systems in the colon 

13 

vesicles by the vesicular acetylcholine transporter (VAChT) (14). ACh is then 
stored in the vesicles until it is released on demand (15).  

It has long been considered that the neuronal cholinergic system is 
involved in ulcerative colitis (UC). Already in 1953, studies on dogs 
suggested that the cholinergic drug mecholyl could cause ulcerative colitis-
like symptoms (16). In any case, it has been shown that electrical stimulation 
of the vagus nerve attenuates the release of pro-inflammatory cytokines (17, 
18). A “cholinergic anti-inflammatory pathway” is hereby achieved (17, 19). 
Parasympathetic stimulation leads to an increase in the secretory activity of 
the goblet cells and parasympathetic reflexes are mainly responsible for 
defecation reflexes.  

The non-neuronal cholinergic system 
ACh production occurs in cholinergic neurons, but also in non-neuronal 
cells, such as cells in the surface epithelium in the skin (20), lymphocytes 
(21), and vascular endothelial cells (22). ACh has also been found in bacteria, 
algae, and primitive plants, showing that it has been an important molecule 
in evolution for about 3 billion years. The non-neuronal ACh is, in contrast 
to the neuronal ACh, a local signalling molecule. Non-neuronal ACh has 
growth-related functions, immune- and barrier functions, and functions 
related to the organization of the cytoskeleton and locomotion (15, 23), and it 
is also suggested to be involved in the basic cell functions via cellular 
signalling pathways (15). Of particular interest is the fact that the cholinergic 
anti-inflammatory pathway (17, 18) also involves the non-neuronal 
cholinergic system (24). 

It is not known whether non-neuronal cells have storage capabilities for 
ACh. It is possible that there is a continuous synthesis, diffusion, release and 
hydrolysis (15). With regard to the human intestine, it is known that 
epithelial cells, the endothelium and certain inflammatory cells demonstrate 
expression of ChAT (25, 26). 

Acetylcholine receptors 
The effects of ACh are mediated by activation of the muscarinic or nicotinic 
receptors. Five muscarinic G-protein-coupled ACh receptors, M1, M2, M3, M4 
and M5, have been identified in mammals (see (27) for a review).  The 
receptors have different functions and properties, although the exact 
functional roles of all these subtypes have to date not been fully elucidated. 
Among the functions related to stimulation of muscarinic receptors are 
effects on cell growth and proliferation (28, 29). The M2 receptor is the 
major muscarinic receptor subtype expressed by smooth muscle tissues in 
the GI tract (30), although a smaller population of the M3 receptor is also 
coexpressed with M2 (30). The muscarinic receptors on smooth muscle do on 
the whole belong to the M2 and M3 subtypes.  
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Neuropeptides  

General aspects 
Neuropeptides are small molecules used by neurons for communication. 
However, they are not only important for neurotransmission, but they also 
have effects on tissue growth and differentiation, inflammation, 
immunomodulation and tumour growth. The production of neuropeptides 
occurs in the cell body of the neurons, and they are then transported to the 
varicosities and are released after stimulation. Thereafter they interact with 
their specific receptors. Frequently there is a co-localization of two or several 
neuropeptides in neurons (see (31) for a review). Neuropeptides can be 
released from the tissues to the bloodstream.  

It is known that not only neuronal cells, but also local cells in the tissues, 
can produce neuropeptides (32, 33). The levels of neuropeptide production 
in these cells are usually low. Culturing, lesions or other manipulations cause 
upregulation and/or induction of neuropeptide levels in the cells (32). 
Tumours that express a neuroendocrine phenotype are known to secrete 
neuropeptides with paracrine/autocrine growth factor activity (34). 

Three neuropeptides frequently discussed in inflammatory situations, 
including those of the intestine, are vasoactive intestinal peptide (VIP), 
substance P (SP), and calcitonin gene-related peptide (CGRP).  

Substance P and its receptors 
Von Euler and Gaddum discovered SP in 1931 (35). This peptide consists of 
11 amino acids, and belongs to the tachykinin family of peptides. SP is 
classically a peptide produced in sensory neurons, is a pain mediator and is 
involved in vasoregulation and so-called neurogenic inflammation (36, 37). 
SP is also involved in immunomodulatory activities and has long been 
considered to play a key role in IBD (38). SP has pro-inflammatory actions 
(39).  

SP has profound effects for intestinal physiology. Thus, it is involved in 
the regulation of motility and transmural and electrolyte transport as well as 
in the regulation of blood flow in the intestine (40, 41). SP has excitatory 
effects in the GI canal, mediating smooth muscle contractions (42). SP also 
has trophic and growth-modulating functions in various tissues (43, 44) as 
well as wound-healing effects (45), and is involved in activating the emetic 
reflex (46).  

SP is present in enteric efferent neurons but also in sensory innervation. It 
is synthesized by enteric cholinergic motor neurons, and hence, SP-
containing nerve fibers are frequent in the smooth musculature. SP-
containing nerve fibers are also present in the submucous plexus, blood 
vessel walls and lamina propria (47).  
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Non-neuronal cells can produce SP. That includes keratinocytes (33), and 
Leydig cells (48). SP is also reported to be produced in human eosinophils 
(49) and macrophages (50), and has also been detected in T-lymphocytes in 
the intestine (51). 

The preferred receptor for SP is the neurokinin-1 receptor (NK-1R)  (52, 
53), but SP can also bind to NK-2R with low affinity (54). NK-1R is a 
member of the superfamily of guanin nucleotide binding-coupled receptors, 
which interact with G-proteins to promote high-affinity binding and signal 
transduction (54). Binding of SP to the NK-1R mediates rapid endocytosis 
and internalization of the receptor (55).  

VIP and its receptors 
Vasoactive intestinal peptide (VIP) belongs to the VIP-glucagon peptide 
family, and was originally isolated from small intestine by Said and Mutt 
(56). VIP is mainly present in parasympathetic neurons (57, 58). VIP is 
frequently expressed in the enteric neurons.  

In contrast to SP, VIP has anti-inflammatory properties (59). It is involved 
in the regulations of intestinal motility and blood flow (60), and the 
secretion of electrolytes and water (61). VIP effects on the intestinal smooth 
muscle are inhibitory. Similar to SP, VIP also has trophic and growth-
modulating functions in various tissues (43, 62), and VIP is furthermore 
reported to have wound-healing effects (45). VIP has a paracrine function 
between developing neurons and glia (63) and VIP produced by lymphocytes 
can function in an autocrine/paracrine way in regulating the immune system 
(64). As well as in neurons, VIP is also reported to be produced by 
inflammatory cells in the intestine (65, 66).  

VIP has effects on class II family of G-protein-coupled receptors named 
VPAC1 and VPAC2 (67). VPAC1 and VPAC2 do not discriminate between VIP 
and another peptide, pituitary adenylate cyclase-activating polypeptide 
(PACAP) (68). PACAP binds to the PAC1 receptor, while VIP has a low 
affinity for the PAC1 receptor. The VIP/PAC receptor reported to dominate 
in the human colonic mucosa is the VPAC1 receptor (69). The VPAC1 
receptor is also called VIP receptor 1 (VIPR1).  

Interrelationship between VIP/SP and the cholinergic system 
It is well known that the neuropeptides VIP and SP are related to the ENS. 
VIP and SP expressions are thus frequently encountered for the ENS 
neurons. VIP is actually frequently co-localized with ACh in parasympathetic 
innervation, why VIP can act as a cholinergic cotransmitter (70). SP 
cooperates with ACh in the coordination of the peristaltic propulsion (71). 
Nevertheless, both VIP (72) and SP (73) can have direct effects on the 
smooth muscle cells of the intestine. M2 is, apart from being present on 
smooth muscle cells in the intestine, also present on nerve fibers. M2 is thus 
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expressed together with SP in the myenteric and submucous ganglia and 
with VAChT and ChAT in cholinergic nerve fibers (74). 

CGRP 
Calcitonin gene-related peptide (CGRP) belongs to the calcitonin family of 
peptides (75). CGRP is shown to be co-localized with SP in a majority of 
sensory nerve fibers (76). However, in the intestine, there are also 
intramural neurons that contain CGRP (77). CGRP is, similar to SP, involved 
in the regulation of blood flow (78), in the modulation of intestinal motility 
(79), and in wound healing (45).  

Eosinophils  
Various types of immunoactive cells are found in the intestinal wall. That 
includes lymphocytes, macrophages, mast cells, and neutrophils (80). It has 
been suggested that lymphocytes are involved in the disease process in UC. 
Eosinophils are an additional important cell type that may be involved in the 
pathogenesis of UC (81). These are white blood cells that contain red 
granulae in the cellular cytoplasm. Activation of the cells leads to the release 
of granular proteins (82).  

Eosinophils play an important role in IBD. They are considered to be pro-
inflammatory and pro-motility agents, and to produce effects such as 
diarrhoea, inflammation, tissue destruction, but, as recently suggested, even 
repair of injured epithelia (83). An increased release of eosinophil granulae 
occurs in UC (84). 

Eosinophils migrate to places of inflammatory or allergic reactions, or 
parasitic infections. An increase in numbers of eosinophils has been reported 
in UC (85). The accumulation of eosinophils in the intestinal mucosa in UC 
is stimulated by different cytokines (86). Elevated levels of chemokines 
relevant to eosinophil chemotaxis can be detected in serum and feces of 
patients with active IBD (81).  

Substances other than cytokines, including neuropeptides, have been 
shown to attract eosinophils and to stimulate chemotaxis (87-89). SP has 
thus been shown to have a stimulatory effect on degranulation of eosinophils 
(90). It has also been shown that eosinophils can produce both SP and VIP in 
healthy and inflamed human intestine (49).  

Inflammatory bowel diseases (IBD) – general aspects 
Ulcerative colitis (UC) and Crohn’s disease (CD) are the two forms of IBD. 
UC was first described at the beginning of the 20th century, and Crohn and 
collaborators (91) described CD in 1932. Nevertheless, symptoms resembling 
IBD, such as chronic diarrhea, were described even before the time of Christ. 
Both UC and CD are chronic relapsing diseases, destructive to the GI tract. 
There is a chronic inflammatory reaction in the gut wall. The triggering 
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factors are unknown. Changed immunologic mechanisms are likely to be 
involved.  

UC affects the lower GI tract. The disease begins in the rectum and 
spreads to the colon. CD affects all sections of the GI tract. UC affects only 
the mucosa, while CD affects all layers of the wall. In about 5% of IBD cases, 
it is not possible to establish a definite diagnosis of UC or CD (92), due to the 
fact that some overlapping in the features of the diseases exists.   

IBD runs in families (93). The risk of having IBD is about 1 in 10-20 if a 
first-degree relative has the disease. The risk of developing IBD also varies 
according to countries and ethnic groups. For example, Jewish people have a 
5-8 fold increased risk of IBD compared to non-Jews (94).  

Ulcerative colitis (UC) 
Typical symptoms of UC are bloody diarrhoea with mucus, urgent need to go 
to the toilet, rectal bleeding, abdominal pain, fever, weakness, and weight 
loss. It is an intermittent disease, and asymptomatic periods can last from 
months to years. The course of the disease is not predictable. The prevalence 
of UC is about 3 per 1000 individuals (95). The incidence is the same for 
men and women (96). UC affects people of all ages, but there is a peak in 
onset at the age of 20-29 years (97). The disease can also have its onset in 
childhood (98).  

The etiology of UC remains elusive. It has been shown that stress 
presumably not plays a role in the initiation of the disease (99), but that 
stress is involved in the reactivation of the disease (100). The possibility that 
an infectious organism such as Helicobacter pylori is involved has been 
proposed (101), but the result of various human studies concerning this 
aspect are not consistent. There are indications that breastfeeding is a 
protecting factor against UC (102). What is known is that there exists an 
inverse association between smoking and UC. Some studies have reported 
that smoking has a protective effect against the development of UC (103). 
Other studies show that patients who have undergone appendectomy for 
appendicitis have a lowered risk of UC (104).  

UC treatment consists of corticosteroids, and various immunosuppressive 
and non-steroid anti-inflammatory drugs. Recently, anti-TNF treatment has 
also been used. In severe cases, colectomy needs to be considered. The 
cumulative colectomy rate 10 years after diagnosis is about 10% (105). In 
some cases, the disease is very severe and requires immediate surgery.  

If UC is present, there is a risk of developing colorectal cancer. The risk of 
colorectal cancer begins to rise 8-10 years after diagnosis of UC. Therefore, 
an endoscopic surveillance program is important (106). Recent studies 
estimate that the risk of colorectal cancer in UC patients is 2-3 times greater 
than in the general population (107).  
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UC affects the mucosa and the inflammation is restricted to the mucosal 
layer. The mucosal derangement that may occur appears as heavy infiltration 
of various leukocytes into the lamina propria, architectural irregularity in the 
crypts, crypt abscesses, and destruction of the epithelium, including a 
decrease in numbers of goblet cells (108).  

Background for the studies in this thesis 
As can be seen above, the effects of various signal substances are of 
importance for both the normal and the inflamed colon. This includes the 
substances released from the neuropeptidergic and cholinergic systems. 
Nevertheless, there are a large number of aspects that is unclear in this 
respect. The major aspects that are also the basis for the performance of the 
studies in the present thesis follow:  

• The levels of SPergic and VIPergic innervations in severe UC 
disease. Variable results concerning the levels of SP- and VIP-
innervations have been noted in previous studies on UC. The number of 
SP-containing nerve fibers has thus been reported to be decreased (109, 
110), to be elevated (111, 112), or to be unaltered (113) in UC. An 
unchanged (113) or decreased (109, 110) level of VIP concentration/VIP 
innervation has, furthermore, been noted with regard to UC. Thus, from 
these studies it is unclear whether certain changes in neuronal SP/VIP 
levels are definitely related to the UC process.  

• Is there an occurrence of VIP and SP production in the colonic 
epithelium? It is well known that SP and VIP are not only confined to 
the intestinal innervation but they are also produced by inflammatory 
cells in the intestine (cf. above). This means that the VPAC1 and NK-1 
receptors that are present can be affected by peptides from both of these 
sources.  

However, is there still another source of SP/VIP? A candidate is the 
epithelial layer. Here it should be recalled that VIP, to some extent, may 
function in a paracrine manner with regard to secretion in the rat 
stomach (114). VIP- and SP-expressing endocrine cells occur in the 
digestive tract of the turbot (115). SP-containing endocrine cells have 
also been observed in the intestine of species such as axolotls (116) and 
rainbow trout (117).  

Endocrine cells expressing VIP or SP have not been detected in 
human intestine (118). The same holds true for the other cell types in the 
intestinal epithelium. It is thus not previously known whether or not 
there are signs of SP/VIP production in the human colonic epithelium. 
Instead, it is in the innervation, and to some extent in the inflammatory 
cells, that both SP and VIP are regularly detected. On the other hand, it 
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has been shown that corneal epithelial cells demonstrate SP expression 
(33) and that both SP and VIP expression has been noted for human 
nasal epithelium (119). These observations demonstrate that further 
studies on this aspect of the intestinal epithelium are warranted.  

• VIP/SP levels in blood vs. those in the mucosa. As described 
above, neuropeptides are released to the blood stream. Certain studies 
examining this aspect for VIP have been performed concerning UC. 
However, they have reported inconsistent results (66, 110, 120). There is 
no information at all for SP in this respect concerning UC.  

It would be of great interest to find out whether or not the SP/VIP 
levels in UC differ from those of non-UC patients. It would also be of 
great interest to know whether there are certain correlations between the 
SP/VIP levels in blood and those in the mucosa in UC, and the 
magnitude of mucosa derangement. No correlative study on these 
aspects has previously been performed. Of interest is whether analyses of 
neuropeptide levels in blood give a hint of the UC disease. 

• The NK-1 and VPAC1 receptors in severe UC disease. As is the 
case for the levels of SP/VIP innervation, there are uncertain facts 
concerning the expression levels of the SP/VIP receptors in UC. 
Concerning the predominating VIP receptor (VPAC1) there is actually no 
information at all in UC. Concerning NK-1R, there are some reports (121, 
122). Nevertheless, there is little information on the levels of expression 
of this receptor in relation to the degree of mucosal derangement. That 
includes also a lack of information concerning NK-1 receptor expression 
in relation to the level of eosinophil infiltration. As both SP and VIP have 
immunomodulatory and various other effects in the colon, further 
information on the levels of their receptors in UC is welcome.  

• The non-neuronal cholinergic system in UC. There is no 
information at all concerning the non-neuronal cholinergic system in 
UC. This is a drawback as ACh is known to have marked 
autocrine/paracrine effects, including effects on growth and 
proliferation, angiogenesis, and presumably, wound healing (28, 29, 
123). Furthermore, as described above, the cholinergic system can have 
an anti-inflammatory effect, and there are inter-relationships between 
ACh effects and effects of SP and VIP. It would be of great interest to 
know to what extent the cholinergic effects in UC are related to effects 
via the innervation, and via non-neuronal pathways.  
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Aims 
In this thesis, the following aspects for both normal and UC colon were 
examined for. The aims were: 

• To study the distribution and levels of SP and VIP in the colonic wall. 
How are the SP- and VIP-innervations correlated to the degree of 
mucosal derangement?  

• To study the possible expressions of VIP and SP in the epithelial layer. 

• To study the levels of expression of the SP- and VIP-preferred receptors. 
To what extent are they expressed in the epithelium and how are these 
receptors correlated to the degree of mucosal damage? 

• To study the SP/VIP levels in both blood and mucosa from the same 
patients, and to correlate these to the degree of mucosal derangement.   

• To study the patterns of the non-neuronal cholinergic system.  
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Materials and Methods 

Patient material 
For an overview of the patients and the healthy controls used in the thesis, 
see Table 1.  

 

Paper Methods used Total number 
of patients 
analyzed 

Gender 
(Male/Female) 

Age (years; 
mean, range) 

I Htx, PAP, TRITC, 
Congo Red 

35 (17 UC, 18 
non-UC) 

UC: 11/6 

Non-UC: 10/8  

UC: 38 (21-64) 

Non-UC: 65 
(26-91) 

II Htx, PAP, TRITC, 
In vitro receptor 
autoradiography 

38 (21 UC, 17 
non-UC) 

UC: 14/7 

Non-UC: 7/10 

UC: 39 (21-64) 

Non-UC: 64 
(41-83) 

III Htx, PAP, TRITC, 
FITC, In situ 
hybridization 

43 (23 UC, 20 
non-UC)  

UC: 18/5 

Non-UC: 10/10 

UC: 37 (20-62) 

Non-UC: 68 
(45-90) 

IV Htx, EIA Mucosa: 39 (20 
UC, 19 non-
UC)  

 

 

Plasma: 76 (24 
UC, 23 non-UC, 
30 healthy 
controls) 

Mucosa; UC: 
17/3 

Non-UC: 8/11 

 

Plasma; UC: 
19/5  

Non-UC: 12/11 

Healthy: 13/17 

Mucosa; UC: 
37 (20-79) 

Non-UC 70 
(54-90) 

 

Plasma; UC: 
37 (20-79) 

Non-UC: 70 
(54-90) 

Healthy: 41 
(21-62) 

V Htx, TRITC, FITC, 
In situ 
hybridization 

43 (23 UC, 20 
non-UC) 

UC: 18/5 

Non-UC: 10/10 

UC: 37 (20-62) 

Non-UC: 68 
(45-90) 

 Table 1. Overview of patients and methods used. In total, intestine of 46 UC-
patients and 42 non-UC patients, and plasma of 24 UC, and 23 non-UC 
patients as well as 30 healthy controls were used in Papers I-V.  

 
All UC and non-UC patients were undergoing surgery at the University 
Hospital of Umeå. The UC patients were operated on due to severe UC 
disease. Some of the patients were operated in an acute stage of the disease 
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and some of the patients were operated in a more chronic stage. All UC 
patients underwent total colectomies and ileostomies, leaving the rectum. 
The UC patients were sent home with their ileostomas 1 to 2 weeks 
postoperatively. The non-UC patients were operated on for their disease, 
which in most cases (all but three) corresponded to colonic carcinoma, and 
were not receiving any chemotherapy or irradiation prior to the surgery. The 
remaining three non-UC patients had volvolus, perforated diverticulitis and 
diverticulosis. Many of the UC patients, and one non-UC patient, had been 
treated with corticosteroids.  

The healthy volunteers donating blood samples (Paper IV) did not suffer 
from any disease and were not treated with any form of medication.  

Tissue sampling and preparation 
The tissue specimens were taken during operations (cf. above) and were, 
concerning both UC and non-UC patients, taken from the most aboral part of 
the sigmoid colon. Concerning the non-UC carcinoma patients, the 
specimens were taken at least 10 cm from the visible margin of the tumor, 
and represented macroscopically non-cancerous tissue. The tissue specimens 
were directly after the surgery transported on ice to the laboratory. Some 
specimens were immediately dissected, mounted on thin cardboard in OCT 
embedding medium, frozen in liquid propane chilled with liquid nitrogen, 
and stored at –80°C. Other specimens were fixed by immersion overnight at 
4°C in an ice-cold solution of 4% formaldehyde in 0.1 M phosphate buffer 
(pH 7.0). Then they were washed in Tyrode´s solution, containing 10% 
sucrose, at 4°C overnight. The specimens were further dissected, mounted, 
frozen and stored as described above.  

The mucosa samples intended for EIA analyses were weighed and then 
directly frozen in liquid nitrogen and stored at –80°C. 

Blood sampling and preparation 
Blood samples from UC and non-UC patients were collected in the morning, 
on the day of the surgery (Paper IV). Blood samples from the healthy 
controls were also taken in the morning. Venous blood samples were 
collected in EDTA-treated tubes. 1.3 mg EDTA and 50 µL Trasylol were 
added to each mL of blood. The blood was centrifuged at 4000 rpm for 15 
min in 4°. The plasma was collected, transferred to new tubes, and frozen at 
–80°C.  

Sectioning  
Series of sections were cut using a cryostat. For immunohistochemistry, 7-8 
µm sections were cut and for in situ hybridization, 10 µm thickness was used. 
The sections aimed for immunohistochemical purposes were mounted on 
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slides precoated with crome-alun gelatin. For in situ hybridization, Super 
Frost Plus slides were used.  

Morphology staining 
In order to display the morphology, the sections were stained in Harris 
hematoxylin (Htx) solution for 2 min. They were then rinsed in distilled 
water, dipped in 0.1% acetic acid for a few seconds, and then washed in 
running water for 5 min. The sections were then counterstained with eosin 
for 1 min, dehydrated in ethanol and mounted in Permount.  

Staining and counting of eosinophils 
In order to detect eosinophils (Paper I), staining for Congo Red was 
performed. The reliability of the Congo Red method was tested by comparing 
sections stained with Congo Red with parallel sections stained with mouse 
monoclonal anti-eosinophil peroxidase antibody (MAB 1087, Chemicon). 
The parallel Congo Red and antibody stainings showed similar results.  

The number of eosinophils per area of the lamina propria was counted 
from sections of randomly chosen UC patients (six patients) and six non-UC 
patients. 10 areas of 10,000-15,000 µm2 were counted in each section. 
Furthermore, semiquantitative determinations of eosinophil numbers in the 
lamina propria was made for all other specimens.  

Immunohistochemistry (IHC)  
Immunohistochemistry (IHC) was used in Papers I, II, III, V. Two different 
IHC methods were used, immunofluorescence [tetramethylrhodamine 
isothiocyanate (TRITC) or fluorescein isothiocyanate (FITC)] and peroxidase 
anti-peroxidase (PAP) staining. Test stainings were made in order to reveal 
which method that was the most appropriate for each antibody. For certain 
antibodies, both immunofluorescence and PAP staining were used. During 
the tests, stainings for other types of tissues were also performed, in order to 
display reference information. Test stainings were also made in order to 
clarify if chemically fixed or unfixed tissue was appropriate for each 
antibody. For details concerning the preferred method (PAP/TRITC/FITC), 
and the preferred tissue processing (fixed or unfixed), for the antibodies 
used, see Table 2.  

Pre-treatment procedures 
In some cases, microwave antigen retrieval was applied (Paper I). The 
sections were placed in 0.01 M citrate buffer, pH 6.0, and boiled in a 
microwave oven for 3x5 min. The buffer was changed between each 5 min 
cycle. After the last cycle, the slides were allowed to cool to room 
temperature, in the buffer, and were then washed 3x5 min in PBS.  
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Another pre-treatment method frequently used (Papers I, II, III, V) was 
acid potassium permanganate solution (1 vol. of 2.5% KMnO4 and 1 vol. of 
5% H2SO4 in 80 vol. of distilled water, pH 2.0) for 2 min (124). This pre-
treatment was found to be very useful in increasing the specific reactions for 
certain of the antibodies. That included both stainings with PAP and 
immunofluorescence methods. For details of when this pre-treatment 
procedure was used, see the respective papers.  

 

Antigen Code Source Type Dilution Tissue Method Papers 

SP 8450-
0004 

Biogenesis Rabbit 1:100, 
1:200 

Fixed PAP I, III 

SP Mas 035 Sera-Lab Rat 1:100 Fixed PAP I 

SP I675/00
2 

UCB Rabbit 1:100, 
1:200 

Fixed TRITC I 

NK-1R NB 300-
119 

Novus Rabbit 1:100 Unfixed, 
post-
fixation 

TRITC I 

NK-1R S8305 Sigma Rabbit 1:100 Fixed PAP, 
TRITC 

I, III 

NK-1R Pc 481 Oncogene Rabbit 1:100 Unfixed, 
Fixed 

TRITC I 

NK-1R Pc 324 Oncogene Rabbit 1:100 Fixed TRITC I 

NK-1R AB5060 Chemicon Rabbit 1:100 Unfixed, 
post-
fixation  

TRITC I 

VIP RPN 
1582 

Amersham Rabbit 1:200 Fixed PAP, 
TRITC 

II 

VIP H-064 Phoenix Rabbit 1:500, 
1:200 

Fixed PAP, 
TRITC 

II, III 

AChR M2 M9858 Sigma Rabbit 1:100 Unfixed TRITC V 

ChAT AB144P Chemicon Goat 1:25 Fixed FITC V 

VAChT Sc7716 Santa Cruz Goat 1:25 Fixed FITC V 

Chromo-
granin A 

PH176 The Binding 
Site 

Sheep 1:100 Fixed FITC V 

VPAC1 sc-
15958 

Santa Cruz Goat 1:100 Fixed FITC III 

Table 2. Primary antibodies 
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Immunofluorescence 
Incubation with primary antibodies was performed for 1h at 37°C or 
overnight at 4°C. The sections were stained with tetramethylrhodamine 
isothiocyanate (TRITC) or fluorescein isothiocyanate (FITC) to detect 
immunoreactions. For some of the antibodies, pre-treatment was performed 
(see above). For all the details in the immunofluorescence method protocols, 
see papers I, II, III, V.  

Peroxidase anti-peroxidase staining (PAP) 
The PAP method was used to detect immunoreactions for some of the 
substances. The sections were incubated with the respective primary 
antibodies for 1h at 37°C. For the details in the PAP method protocols, see 
papers I-III.  

Primary antibodies 
For an overview of the antibodies used for the immunohistochemical 
stainings, see Table 2.   

Control stainings 
Numerous control stainings were performed to clarify if specific 
immunoreactions were obtained with the antibodies. The commonly used 
methods were preabsorbtion of the antibody with the corresponding antigen, 
and replacement of the primary antibody with PBS or normal serum. Parallel 
stainings on other tissues were also performed. For details of the 
preabsorbtions, see the respective papers.  

In situ hybridization (ISH) 
In situ hybridization (ISH) was performed in Papers III and V. For details of 
the probes used, see Table 3. ISH was performed according to an established 
protocol (125) with a few modifications.  

All the details in the protocol are described in Papers III and V. In brief, 
the sections were air-dried at room temperature (RT), fixed in filter-
sterilized 4% paraformaldehyde in 0.1M-phosphate buffer (ph 7.4) at RT, 
and thereafter washed in saline sodium citrate (SSC) for 10 min. The sections 
were then placed in 0.2 M HCl at RT to inhibit endogenous alkaline 
phosphatase activity. Then they were placed in a mixture of 195 ml DEPC-
H2O, 2.7 ml triethanolamine, 0.355 ml HCl and 0.5 ml acetic anhydride in 
RT in order to acetylate the slides. The slides were then rinsed in SSC. The 
ssDNA probe (see Table 3) was added to 15 µl of hybridization solution in a 
tube, denaturated for 5 min at 80°C and then put on ice. Each section was 
then subjected to the probe-containing solution, covered with coverslips, 
sealed with nail polish, and incubated at 56°C overnight. The slides were 
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washed in SSC and thereafter in STE-buffer, and then incubated in 100 µl 
RNase A at 37°C. Then followed washing, first in SSC containing 50% 
formamide at 56°C, then in SSC and thereafter in buffer. Then followed 
incubation with normal horse serum in buffer for 1h, whereafter the sections 
were incubated with the AP-labelled anti-DIG antibody at RT. After that the 
slides were washed in buffers. Then the enzyme (AP) substrate solution was 
sterile filtered and added. Incubation was performed at 4° overnight. Placing 
of the slides in buffer stopped the colour reaction, and the slides were then 
counterstained in methyl green and mounted in Pertex.  

 

Probe Code  Dilution* Sequence Papers 

ChAT GD1001
-CS 

25-50 ng CCATAGCAGCAGAACATCTCCGTGGT
TGTGGGCACCTGGCTAGTGGAGAG 

V 

SP GD1001
-CS 

25-50 ng CGTTTGCCCATTAATCCAAAGAACTGC
TGAGGCTTGGGTCTCCG 

III 

VIP GD1088
-OP 

50 ng ACTGGTGAAAACTCCATCAGCATGCC
TGGC 

III 

TACR1 
(NK-1R) 

GD1001
-DS 

10-50 ng TGACCACCTTGCGCTTGGCAGAGACT
TGCTCGTGGTAGCGGTCAGAGG 

III 

Table 3. Probes used for in situ hybridisation. All the probes were Green 
Star*TM DIG10 Oligonucleotide probes and were ordered from Gene Detect, 
New Zealand. The corresponding sense DIG-hyperlabelled ssDNA probes 
were used as negative controls. *Dilution refers to ng in 15 µl of hybridization 
solution. β-actin (GD5000-OP), at a dilution of 25 ng in 15 µl hybridization 
solution, was regularly used as a positive control.  

EIA (Enzyme Immunosorbent Assay) 
Both colonic mucosa and blood plasma were analyzed by the EIA method 
(Paper IV).  

Tissue homogenisation 
The mucosa samples were homogenized in a prepared buffer (for details, see 
paper IV) in a 1:20 relation. The homogenization procedures were performed 
on ice. The tubes were thereafter centrifuged at 4°, 13 000 g, for 15 min. The 
supernatant was then transferred to new tubes and stored at –80°. 

EIA procedure 
The SP, VIP and CGRP concentrations were analyzed using commercially 
available enzyme immunoassay kits (see Table 4). The minimum detection 
level for these kits was 0.25 ng/mL. The assays were performed in 
accordance with the supplier’s instructions. Reference samples were 
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included in all plates, in order to obtain comparable results between 
different plates. Thus, more than one plate for each substance was needed.  

 

Antigen Code Source 

SP EK-061-05 Phoenix Pharmaceuticals, CA, USA 

VIP EK-064-16 Phoenix Pharmaceuticals, CA, USA 

CGRP EK-015-02 Phoenix Pharmaceuticals, CA, USA 

Table 4. EIA kits used. All kits were used in Paper IV. Additional EIA/ELISA 
kits were used (TNFalpha, TNF receptor and NGF/BDNF, cf. Paper IV) but 
these were beyond the scope of the current thesis.  

In vitro receptor autoradiography 
In vitro receptor autoradiography, a technique that has been frequently used 
in detecting receptors (126), and which permits morphometric evaluation via 
counting of silver grains, was used (Paper II). 

Specimens from five randomly chosen UC patients and five non-UC 
patients were analyzed. Five areas from mucosa from each section (level) 
were randomly chosen, photographs being taken from these areas 
concerning both total binding and non-specific binding. We analyzed three 
levels from each patient. We analyzed approximately 2.5 mm2 per level. The 
total areas analyzed were 32.5 mm2 for non-UC patients and 37.5 mm2 for 
UC patients. 

Sections were mounted on poly-L-lysine-coated slides and air dried for 2 h 
at 4°C, and were then pre-incubated for 30 min at 23°C, in one of two 
solutions. One was a solution of 0.0005% polyethylenamine in 50 mM tris-
HCl buffer (pH 7.4) to uncouple endogenously bound VIP. The other was the 
same solution also containing 1.250 µM VIP (Sigma), 0.1% bacitracin and 1% 

bovine serum albumin to saturate the VIP binding sites. The sections were 
then incubated in a humid environment for 60 min at 23°C in 50 mM Tris-
HCl containing 0.125nM [125I]VIP (Amersham), 0.1% bacitracin and 1% BSA. 
By incubating the sections with 0.125 nM [125I]VIP in the presence of 1.250 
µM unlabeled VIP, non-specific binding was assessed.  

Thereafter followed washings, fixation with glutaraldehyde, further 
washing and covering with LM-1 nuclear emulsion (Amersham), exposure 
and then development in Kodak D19, fixation in 30% sodium thiosulphate, 
and staining with Mayer’s hemalum solution. Parallel sections were stained 
for morphology.  

Quantitative analysis 
The areas used for detection of VIP binding in the mucosa were randomly 
chosen. Analysis of the autoradiograms was made via a dark-field 
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microscope (Zeiss Axioskop 2 plus) that was equipped with a CCD camera 
(Olympus DP70) connected to a computer with image software (Image Pro 
Plus 5.0). The optical system was adjusted in the way that 1280 x 1024 pixels 
of the monitor screen corresponded to an analyzed area of 800 x 640 µm of 
the tissue specimen, i.e. 1.6 x 1.6 pixels per 1.00 µm tissue. The grey-scaled 
image was converted into a binary image. The silver grains were noticed 
against a neutral background. The same discrimination level was used in 
every computation. Thereafter, the specific binding of [125I]VIP was 

determined.  

Correlations VIP binding/VIP IHC/mucosa morphology 
The degree of VIP binding, categorized in a 5-graded scale, was compared 
with the morphologic appearance of the mucosa (5-graded scale) and an 
overall estimation of the level of VIP innervation in the lamina propria.  

Semiquantitative analyses  
Semiquantitative analyses were used (Papers I, II, IV, V) in order to evaluate 
the degrees of mucosal derangement. When making the evaluation 
concerning levels of derangement, marked derangement was defined as large 
affection of crypt morphology, markedly increased lamina propria area on 
behalf of epithelial area, and pronounced infiltration of inflammatory cells 
into the lamina propria. The level of immunohistochemical expressions of 
different substances was also determined semiquantitatively (Papers III, V).   

Statistics 
The results were evaluated using the software SPSS 11.0 for Macintosh. 2-
independent sample test according to Mann-Whitney, unpaired student’s t-
test, paired samples t-test, independent samples t-test, Pearson correlation 
analysis was used (cf. the respective Papers). We considered P-values ≤ 0.05 
to be significant. 

Ethical considerations 
Informed consent was obtained from all individuals, both patients and 
healthy controls. The Ethical Committee at Umeå University granted 
permission for these human studies (dnr 01/332). The experiments were 
conducted according to the principles expressed in the Declaration of 
Helsinki.  
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Results and Discussion 

Methodological considerations 

Concerning the patient material 
It should be stressed that the material of UC patients was from patients 
operated on due to severe disease, which did not respond to pharmacological 
treatment. Thus, the material did not conform to biopsies of patients with 
very mild disease. Via the way the material was obtained, much larger 
specimens could be taken and analyzed compared to what would have been 
possible with biopsies. Furthermore, the entire colonic wall could be 
examined. The patients operated on in a non-acute stage were chronically ill 
and were also in need of surgery.  

The great majority of the non-UC patients were suffering from colorectal 
carcinoma. We did not observe any general differences between non-UC 
patients operated on for other reasons and the colonic carcinoma patients.  

The mean age of the non-UC patients was considerably higher compared 
to the UC patients. Nevertheless, when comparing specimens of the youngest 
individuals with those of the oldest in the non-UC group, we did not observe 
any obvious differences in the immunohistochemical pattern of the antibody 
reactions (data not published).  

Concerning antibodies and tests for specificity 
It is crucial that optimal procedures are used in order to produce the most 
distinct and specific reactions concerning both IHC and ISH. Thus, 
evaluations of test stainings using chemically fixed and unfixed tissue 
specimens, different pre-treatment methods, and different staining protocols 
were made. Furthermore, the procedures used are based on several years’ 
experience of these issues in the laboratory. Preabsorbtion was performed 
with the majority of the antibodies to confirm their specificities in IHC. For 
ISH, stainings with a sense probe were always performed in parallel. In the 
antibody test procedures, reference stainings on other tissues were also 
performed. 

It was found especially crucial to use different methods and different 
antibodies in order to clearly depict the NK-1R expression patterns using 
IHC. Thus, five different NK-1R antisera and varying staining protocols were 
used. Specific reactions were noted to somewhat varying extents by using the 
different methodological procedures and the different antisera. This is 
presumably related to the fact that there are known variations in specificities 
and affinities between different NK-1R antibodies (127), to the occurrence of 
tissue and species variations in NK-1R detectability (128, 129), the 
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occurrence of different NK-1R subtypes (130), and to the fact that the 
fixation procedures used can affect the extent of NK-1R detectability (131).  

One should always be cautious concerning the aspects of specificity. E.g. 
with respect to detection of SP, it should be noted that recently discovered 
peptides belonging to the tachykinin family demonstrate a high degree of 
cross-reactivity with anti-SP antibodies. These peptides include members 
related to hemokinins and endokinins (132, 133). Thus, the question arises 
as to whether the currently used SP EIA kit not only detects SP-related 
peptides but also hemokinins and endokinins. The C-terminal structure of 
SP, hemokinins and endokinin A/B are thus very similar. There is no 
information from the supplier on this aspect.  

Morphology (Papers I-V) 
Although the material of all UC patients collectively was obtained from 
colectomy operations, the general morphology displayed variations between 
different samples. Nevertheless, the mucosa displayed, as expected, 
significantly more derangement in the UC group compared to the non-UC 
group (Fig. 3). Some of the UC samples showed only minor derangement. 
We also noted that there to some extent were variations in morphology 
between different samples of the same individual.  

 
Fig. 3. Morphology of the mucosa from non-UC (a) and UC patients (b) stained for haematoxylin-eosin. Note 
the marked infiltration of inflammatory cells and the absence of crypts in (b).   
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Substance P and the NK-1R 

SP innervation (Paper I) 
Nerve fibers showing SP-like immunoreaction (LI) were found in the lamina 
propria (Fig. 4). They occurred in varying numbers. Nevertheless, the 
variability was not related to variability in the extent of mucosal 
derangement. SP-LI was also observed in nerve fascicles in the submucosa, 
in nerve fibers in the ganglionic accumulations of the submucous plexus, 
perivascularly, and in the myenteric plexus, including in the innervation of 
the smooth muscle layers. SP-LI was also observed in neuronal perikarya of 
both the submucous and the myenteric plexuses. No obvious differences in 
general innervation patterns were observed between the UC and non-UC 
groups.  

These results on SP innervation patterns in the human colon agree with 
those previously described for UC and controls (113, 134, 135). Thus, there 
are to some extent inter-individual variations, which can explain the findings 
of increased, unaltered or decreased levels of SP-innervation in previous 
studies (cf. Introduction). This can in turn be related to the continuing 
inflammatory responses in the UC process. It appears as if a downregulation 
of the type observed for VIP innervation (cf. below) not occurs for SP-
innervation in response to severe UC.  

SP levels in mucosa (Paper IV) 
Using EIA, it was demonstrated that the SP levels in the mucosa were 
significantly higher in UC patients compared to non-UC patients. The levels 
were about three times higher in the UC mucosa. Overall, it is thus obvious 
that there is a general difference between UC mucosa and non-UC mucosa in 
this aspect. Here it is of importance to realize that the SP levels detected with 
EIA are not only related to SP-innervation but also to SP produced in local 
cells such as inflammatory cells and epithelium (see further below).  

Local production of SP (Paper III) 
SP mRNA was found in epithelial cells and lamina propria and submucosal 
cells. Epithelial SP mRNA was mainly observed in non-UC mucosa and in 
UC mucosa demonstrating only minor derangement. Immunoreactions for 
SP were on the other hand not observable in the epithelium, or in the lamina 
propria/submucosal cells.  

One explanation may be that the production levels of SP in epithelium are 
too low to be detected by our immunohistochemical methods. In accordance 
with such an explanation are the previous findings that there are 
comparatively low levels of SP gene expression in non-neuronal SP-
expressing cells, as compared to neuronal such cells, (136) and that 
neuropeptide levels in neuropeptide-synthesizing non-neuronal cells are 
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very low (32). Another possible explanation is that SP is only produced 
under certain circumstances. There are several regulating steps in the 
pathway from DNA to protein, and the process can be inhibited before the 
protein synthesis (137). The mRNA is furthermore needed in a certain 
amount in order to lead to protein production. Nevertheless, the former 
interpretation seems more attractive. In any case, as it is described in 
Introduction, SP expression is nowadays shown for human epithelium in 
other parts of the body. Inflammatory cells have also been shown to express 
SP (51, 138). 

 
Fig. 4. SP-LI in nerve fibers in lamina propria of an UC patient.  

 
Fig. 5. NK-1R in lamina propria cells of a non-UC patient.  
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NK-1R expression (Paper I, III) 
NK-1R immunoreactions were detected in nerve fibers of nerve fascicles in 
the submucosa, and also in the smooth muscle and myenteric and 
submucous plexuses and in blood vessel walls.  

NK-1R immunoreactions, as well as to certain extents TACR1 mRNA, were 
also found in the epithelium of both UC and non-UC patients. The reactions 
were weak in some of the samples, demonstrating that there are 
interindividual differences. It was frequently observed that the epithelial NK-
1R reactions were particularly pronounced in areas demonstrating marked 
mucosal derangement. The level of NK-1R expression has also been noted to 
be increased in certain other situations, such as during the inflammation 
seen in the rat intestinal epithelium after exposure to Clostridium difficile 
toxin A (139).  

Distinct NK-1R immunoreactions (Fig. 5) and TACR1 mRNA were also 
detected in cells in lamina propria and submucosa. Lamina propria cells 
demonstrating NK1-R gene expression were earlier observed in the IBD 
mucosa (51, 121, 122). These were interpreted as lymphocytes, macrophages 
and eosinophilic granulocytes (122). As will be discussed below, we have also 
in our laboratory noted that a subpopulation of the lamina propria cells 
exhibiting NK-1R are eosinophils (unpublished observations).  

Eosinophil infiltration in relation to NK-1R expression (Paper I) 
It is well known that different types of white blood cells are present in lamina 
propria during the inflammatory process in UC. As a part of this thesis, the 
level of infiltration of the eosinophils was evaluated. One main finding was 
the notion that there were marked interindividual variations in eosinophil 
numbers in both the UC and the non-UC groups. One explanation for this 
may be the occurrence of differences in allergic backgrounds. However, in 
the great majority of the UC samples demonstrating pronounced 
inflammation and/or morphologic derangement, there was a large number 
of eosinophils in the mucosa. This suggests that the eosinophils are involved 
in the disease process in UC. It is previously reported that there is an 
increased activation and degranulation of eosinophils in UC (84). Lampinen 
and collaborators have found that eosinophils were more numerous and 
more active in patients with active UC than in controls, and these findings 
indicates that these cells are possibly pro-inflammatory and tissue damaging 
cells (83).  

The fact that numerous eosinophils in the lamina propria usually occurred 
in specimens with marked NK-1R expression in the epithelium, may suggest 
that the NK-1 receptor may play a role in the extravasation of eosinophils. 
We have also recently observed that NK-1R is present in eosinophils in the 
human colonic mucosa (unpublished observations). It is therefore possible 
that NK-1R receptors are involved in this extravasation. In accordance with 
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this suggestion are the findings that SP is of importance for eosinophil 
infiltration in the airways (140, 141). It is previously described that NK-1R 
participates in neutrophil accumulation in inflamed skin (142). 

VIP and VIP receptors  

VIP innervation (Paper II, III) 
Nerve fibers demonstrating VIP-like immunoreactivity (-LI) were found in 
lamina propria, especially in the superficial parts. They were also found in 
submucosal nerve fascicles, submucosal and myenteric plexuses, and in the 
smooth muscle. Concerning the mucosa, VIP-LI nerve fibers were most 
numerous in mucosa demonstrating a rather normal morphology. 
Comparatively fewer nerve fibers demonstrating VIP-LI were found in parts 
of the mucosa where the infiltration of inflammatory cells was the most 
marked.  

The general observations on the pattern of VIP innervation conform to the 
previously described pattern for the normal colon and the colon in UC (e.g. 
(113, 135, 143)). The findings of a decrease in VIP-innervation in relation to 
marked UC-inflammation do to a certain extent conform to previous studies 
(109, 110). The observations show that there, in contrast to the situation for 
SP-innervation, is a down-regulation of VIP innervation when the 
inflammation is marked.  

VIP levels in the mucosa (Paper IV) 
There were significantly higher levels of VIP in the mucosa in UC patients 
compared to non-UC patients, in examinations using the EIA method. Thus, 
in contrast to the fact that VIP innervation appears to be downregulated in 
response to severe UC, there was not a correlative decrease in VIP levels as 
seen by EIA.  This may be explained by the fact that some of the 
inflammatory cells are producing VIP, and that we also have observed signs 
of VIP production within the epithelial layer (see further below).  

Local production of VIP (Paper III) 
mRNA for VIP was found in submucosal and lamina propria cells. VIP 
immunoreactions were also observed in those cells. This is in accordance 
with the previous findings that VIP is produced by inflammatory cells in the 
intestine (65, 66, 144).  

Epithelial VIP mRNA was found, with the exception of very deranged 
mucosa. The epithelial reactions were mainly observed in basal crypt 
epithelium. Very weak VIP immunoreactions were also seen in the basal 
crypt epithelium. Expression of VIP has not previously been demonstrated in 
colonic epithelium.  
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If we assume that VIP to some extent is produced in the epithelial layer, 
the peptide can have autocrine/paracrine effects within the layer. This is 
mainly a fact for normal epithelium and epithelium that is not much 
deranged. In accordance with an occurrence of autocrine/paracrine VIP 
effects in the intestinal epithelium are the findings that VIP is involved in the 
regulation of proliferation of intestinal epithelial cells (145). It is since long 
considered that VIP has marked trophic and growth-modulating functions 
(63). Concerning the intestine, VIP is described to have immunomodulatory 
effects on intestinal epithelial cells via a regulation of IL-8 secretion (146).  

VIP receptors 
The distribution and the magnitude of occurrence of VIP receptors in UC 
and non-UC mucosa were examined by two different methods. VIP in vitro 
receptor autoradiography and VPAC1 immunohistochemistry were applied. 
The background for using autoradiography was that the magnitude of 
binding sites over large areas could be analyzed for, and the background for 
using antibodies against VPAC1 is the known fact that this is the VIP/PACAP 
receptor that is known to predominate for the human intestine, at least 
concerning the smooth muscle (69).  

VIP binding (Paper II)  
Via in vitro receptor autoradiography, the binding sites for VIP in the colonic 
mucosa were studied. A significant difference was found between non-UC 
and UC patients. The non-UC patients displayed more VIP-binding sites in 
the mucosa compared to UC-patients. As was the case for VIP innervation, 
VIP binding sites were most clearly observed in the superficial parts of the 
mucosa. In lamina propria areas demonstrating accumulation of 
inflammatory cells, there was a very low degree of VIP binding.  

VPAC1 IHC (Paper III) 
Distinct VPAC1 IR was noted for the epithelial layer (Fig. 6). However, there 
were low levels of VPAC1 IR in UC specimens demonstrating a marked 
inflammation. VPAC1 IR was also noted for cells of the lamina propria and 
submucosa, in muscularis mucosae and in blood vessel walls.  

The observations of a low degree of VPAC1 IR in deranged and inflamed 
mucosa correspond to the observations seen for deranged mucosa 
concerning VIP binding sites. The findings suggest collectively that there are 
limited VIP effects in colonic areas that are highly inflamed by the UC 
disease. As VIP has both anti-inflammatory (59) and trophic effects (43), this 
fact may be negative for the colon.  
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Fig. 6. In (A) VPAC-1-IR in the epithelium of crypts, and in the muscularis mucosae (to the left). In (B) the 
same area after preabsorbtion of the antibody. Non-UC patient. 

Neuropeptides in plasma and correlations to other 
parameters (Paper IV) 

Neuropeptide levels in plasma 
The plasma levels of VIP and SP, as well as those of CGRP, were studied 
concerning both UC and non-UC patients (colonic carcinoma patients). 
Additionally, plasma from healthy controls was studied. For all three 
neuropeptides, the UC group was showing the highest plasma levels, and 
healthy controls were displaying the lowest levels (see Paper IV, Table 3). 
The differences between UC patients and healthy controls were more marked 
than those between colonic carcinoma patients and healthy controls. The 
observations show that there is an increased release to the blood of all three 
neuropeptides analyzed in UC. Concerning the UC-group, the VIP, SP and 
CGRP levels in plasma were significantly higher in patients treated with 
corticosteroids and/or non-steroid anti-inflammatory/immunosuppressive 
drugs, compared to those that were not given any medication.  

It has not previously been shown that the plasma levels of several 
neuropeptides collectively are increased in UC. It is previously described that 
plasma levels of different cytokines are different in UC compared to healthy 
individuals (147).  

Correlations between plasma and mucosa levels and the degree 
of mucosal derangement 
Correlative analyses of neuropeptide levels in plasma vs. mucosa from the 
same individuals gave the opportunity to study possible associations 
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between the levels in plasma and those in mucosa, and if there were 
correlations to the extent of morphologic affection. In plasma, there were 
correlations (Paper IV, Table 8) between the levels of all three neuropeptides 
(SP vs. VIP, SP vs. CGRP and VIP vs. CGRP respectively). There were also 
correlations between VIP and SP in mucosa (Paper IV, Table 7). For VIP, 
there was furthermore a significant correlation between levels in plasma and 
mucosa (P <0.05). Concerning SP, the correlation between plasma and 
mucosa levels was only almost significant (P <0.10). Interestingly, there was 
a marked correlation between the degree of mucosa derangement and the 
plasma levels of the three neuropeptides. The levels of all three 
neuropeptides in the mucosa were higher when there was a marked 
derangement.  

The observations show that the levels of the three neuropeptides in both 
plasma and mucosa to a large extent are related to the extent of colitis 
involvement. It is apparent that the production levels for all three are 
increased in parallel with the disease process. Furthermore, that there are 
marked correlations between VIP and SP for both plasma and mucosa. It is 
also apparent that high levels of VIP and SP in mucosa parallel high levels in 
plasma.  

It is of interest to have markers for UC to examine for in blood- and/or 
stool samples from patients, both concerning diagnostic issues to 
discriminate UC from other diseases, and to monitor and predict the disease 
course. CRP is a valuable marker to detect and follow up disease activity in 
Crohn’s disease (148). Elevations in CRP are, however, of smaller magnitude 
in patients with active UC than active Crohn’s disease (149). For UC, anti-
neutrophil cytoplasmic antibodies have been found in sera in 60% of the 
patients (150). In stool, markers for calprotectin have been studied; this 
marker followed the disease activity in UC patients (151). The observations 
on three neuropeptides analyzed in Paper IV concerning plasma give a hint 
for the further use of examining for neuropeptide plasma levels in UC 
analyses.  

The cholinergic system (Paper V) 

The cholinergic innervation 
Immunoreactions for ChAT and VAChT were noted for nerve fibers of the 
lamina propria, the submucous plexus, and the myenteric plexus, including 
the smooth muscle innervation. These observations are related to the 
postganglionic part of the parasympathetic nervous system and thus to the 
ENS. ChAT immunoreactions have also previously been observed for the 
submucous and myenteric plexuses of the intestine of man (152-154). 
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Observations favouring a local production of ACh 
The non-neuronal cholinergic system was extensively examined for in Paper 
V. The ACh synthesizing enzyme ChAT, and the ACh transporter VAChT 
were studied. ChAT IR was found in endocrine cells of the epithelial crypts. 
There were significantly more immunoreactive endocrine cells found in non-
UC patients, compared to UC patients. ChAT IR was also found in lamina 
propria cells and submucosal cells. Weak ChAT IR was noted for blood vessel 
walls.  

Whereas ChAT IR was not detected with certainty in the epithelial layer, 
ChAT mRNA reactions were observed in the epithelium. That included the 
situation for goblet cells. ChAT mRNA was also observed in cells in the 
lamina propria, and also in some blood vessel walls in the submucosa.  

VAChT IR was observed in the epithelium (Fig. 7). There were 
significantly higher levels of VAChT IR in the epithelium of non-UC patients 
compared to UC patients.  VAChT IR was also found in cells in the lamina 
propria. The levels of VAChT in the epithelial layer were significantly 
correlated to the levels of VAChT in lamina propria (reactive cells and nerve 
fibers grouped together).  

 
Fig. 7. VAChT IR is present in the epithelium of crypts, and in cells in the lamina propria of a non-UC patient.  
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Muscarinic receptor M2 

Immunoreactions for the ACh receptor M2 were clearly observed in the 
mucosal epithelium (Fig. 8). There was a tendency of more pronounced M2 
IR in UC epithelium compared to non-UC epithelium. M2 IR were also noted 
for blood vessel walls, nerve fascicles and the smooth muscle layers.   

 

 
Fig. 8. M2 immunoreactions in the epithelium of crypts of a non-UC patient.  

Interpretations concerning the non-neuronal cholinergic system 
The patterns of the non-neuronal cholinergic system for the human colon in 
UC are here established. Thus, it is evident that the observations suggest that 
a local ACh production occurs. Here it should be recalled that although 
immunoreactions for ChAT previously have been demonstrated for the 
epithelium and some inflammatory cells in the human intestine (25, 26), the 
ChAT patterns in UC have never been analyzed before. Furthermore, ChAT 
ISH and VAChT IHC have not before been applied on the human intestine.  

Concerning the epithelium it is likely that ACh released from cells of this 
layer interacts with the epithelial ACh receptors. When discussing this 
aspect, it should be recalled that muscarinic receptors are not only related to 
effects on ion transport and secretory activity, but also to effects on cell 
growth and proliferation (28, 29). Thus, marked cholinergic 
autocrine/paracrine effects may precede in the colonic epithelial layer.  

Cells in lamina propria and submucosa are apparently a part of the non-
neuronal cholinergic system. Accordingly, lymphocytes have been described 
to constitute an independent non-neuronal cholinergic system, synthesizing 
and producing ACh and expressing both muscarinic and nicotinic receptors 
(155).  



Maria Jönsson, 2009 

40 

Of great interest is the nowadays accepted concept of a cholinergic anti-
inflammatory pathway (19). One example showing this is the finding that 
ACh released in response to activation of the vagal nerve has effects on the 
local inflammation (156). The concept may involve the non-neuronal 
cholinergic system (24). This may be of great importance in an inflammatory 
situation like UC.  

The importance of the non-neuronal cholinergic system in UC is 
completely unknown. As inflammatory cells can produce ACh and as this 
system is markedly present in the colon, the importance of this system in UC 
should be the scope of future studies. 

Future treatment possibilities 
Information about expressions and magnitudes of VIP/SP and cholinergic 
systems in UC is not only of academic interest. Information on these aspects 
may be of relevance when discussing future treatment possibilities for UC. It 
is suggested that VIP treatment (157, 158), as well as blocking of the NK-1 
receptor (71, 139, 159), may be useful in this disease. Experimental studies 
on animals favor that NK-1R blocking (160, 161) and VIP treatment (157) 
might be useful in colitis.  

Experimental studies do also favor that VIP treatment may have effects in 
other inflammatory situations, such as experimental autoimmune 
encephalomyelitis (162). However, in certain experimental studies, VIP 
treatment was found unable to modulate colitis (163). It might be that 
interference with several mediators, i.e. multitarget therapy, can be an 
alternative in inflammatory disorders (164). It is thus well known that a large 
number of interactions occur between neuromodulators and cytokines. 
Interfering with neuropeptide effects in parallel with the use of other 
medications is considered as one alternative in inflammatory disorders 
(165). The fact that VIP treatment down-regulates the production of several 
inflammatory mediators, including TNFalpha (162) is nevertheless 
promising. Anti-TNF treatment has been used for several years concerning 
troublesome Crohn’s disease (166) and has also nowadays been introduced 
for severe UC. There is good response for some, but not for all patients (167-
169). 

Also the cholinergic/nicotinergic systems are relevant when discussing 
treatment possibilities. It is known that UC is a disease that mainly affects 
non-smokers. Nicotine has its effect on nicotinic acetylcholine receptors, 
distributed both in neurons but also in nonneuronal cells (170). Trials with 
transdermal nicotine (patches) showed however that these were not better 
than placebo in the maintenance of remission of UC (171).  

There are several studies which suggests that muscarinic receptor 
antagonists or agonists may be beneficial in different situations, for example 



Neuronal and non-neuronal SP, VIP and cholinergic systems in the colon 

41 

obesity (172), Alzheimer’s disease (173), schizophrenia (174), overactive 
bladder (175), and even cancer (176).  

In a study of Hirota and collaborators muscarinic receptor M3 knock-out 
mice were more sensitive in developing colitis compared to wild type mice 
(177), showing that manipulations of the cholinergic system may be of 
advantage in treating UC.  

Most of the UC patients have relapses in their disease. Medications to 
reduce the likelihood of those relapses may be of advantage also in reducing 
the long-term complications of the disease. Maybe a combination of several 
agonists/antagonists interfering with several neuropeptides, cytokines or 
other neuromodulators are alternatives in treating UC in the future.  

Summary of the main findings  

• There is mRNA for SP and VIP in the colonic epithelium as seen by in 
situ hybridization.  

• The level of VIP innervation but not the level of SP innervation is 
decreased in mucosa areas showing marked inflammation.  

• There are marked reactions for the VPAC1 receptor in the colonic 
epithelium, the reactions being particularly pronounced in normal and 
little affected mucosa.  

• The levels of VIP receptors in the mucosa, as seen by in vitro receptor 
autoradiography, are decreased in areas of the UC mucosa that show 
marked inflammation/derangement.  

• There is an association between marked derangement of the mucosa, 
pronounced infiltration of eosinophils in lamina propria, and a marked 
NK-1R expression in the epithelial layer. Thus, epithelial NK-1R 
immunoreactions are often the most marked where the mucosa shows a 
pronounced morphologic derangement. There were usually numerous 
eosinophils in the underlying mucosa in these areas.  

• In accordance with previous observations, there is presence of VIP 
immunoreaction, VIP mRNA, VPAC1 immunoreaction, SP mRNA and 
NK-1R immunoreaction in cells in lamina propria and submucosa.  

• There are elevated levels of SP, VIP and CGRP in both plasma and 
mucosa in UC patients. There are marked correlations between the levels 
of the three peptides with regard to both plasma and mucosa. There are 
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also, to a certain extent, correlations between the levels of SP and VIP in 
mucosa vs. plasma.  

• The levels of the neuropeptides in plasma and mucosa are correlated to 
the degree of mucosal derangement.  

• Reaction patterns observed for ChAT and VAChT suggest that there is a 
marked local production of ACh in the colon. Thus, there is a non-
neuronal cholinergic system. Some changes in this system occur in UC.  

• Marked muscarinic M2 immunoreactions occur in several tissue 
compartments. There was a tendency towards higher M2 
immunoreactions in the epithelium of UC patients than in non-UC 
patients.  

Summary of main conclusions 

• It seems as if there is not only a VIP- and SP-supply to the intestine via 
the innervation and inflammatory cells, but presumably also via the 
epithelium. Nevertheless, further studies are needed to clearly show the 
existence of productions of the peptides in the epithelium.  

• The colon is supplied with not only a neuronal but also a non-neuronal 
cholinergic system. This fact has not previously been considered for IBD. 
The non-neuronal cholinergic system may be highly involved in the 
processes that occur in the colon. The existence of a cholinergic anti-
inflammatory pathway speaks in favor of such a suggestion.  

• The epithelium is shown to be markedly influenced by SP, VIP, as well as 
ACh. A marked presence of receptors for all these was noted. 
Autocrine/paracrine SP, VIP, and ACh effects are likely to occur.  

• The findings suggest that there is a downregulation of both VIP 
innervation and VIP receptors in mucosal areas that are greatly inflamed 
and deranged.  

• In contrast to the situation for VIP, SP innervation appears not to be 
reduced when there is marked inflammation, and the levels of SP 
receptor (NK-1R) are, instead, often pronounced in such cases. 

• The changes seen regarding VIP and SP receptors in relation to 
inflammation/derangement may be a drawback for intestinal function.  
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• It may be that the NK-1R is involved in the extravasation of eosinophils 
in the colonic mucosa.  

• New information on the existence of correlations between neuropeptide 
levels in mucosa and plasma and the mucosal affection has been 
obtained via correlative studies on all three parameters for the individual 
patients. More mucosal affection leads to more neuropeptide production 
in the mucosa and higher levels of these in the blood. 

• In conclusion, regarding the importance of both the SP/VIP systems and 
the cholinergic system in the colon, both neuronal and non-neuronal 
components should be taken into consideration.  
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Svensk populärvetenskaplig 
sammanfattning 

Introduktion 
Ulcerös colit (UC) är en kronisk inflammatorisk tarmsjukdom som går i 
skov. Den drabbar slemhinnan i tjocktarmen. Under ett skov får patienten 
blodiga slemmiga diarréer, feber och magsmärtor. Skoven kan komma tätt 
eller med flera års intervaller. Sjukdomens förlopp går inte att förutsäga. 
Sjukdomen behandlas med kortison och olika antiinflammatoriska 
mediciner. En del av patienterna blir inte hjälpta av den medicinska 
behandlingen och måste få tjocktarmen bortopererad. För vissa görs detta på 
därför att de aldrig blir riktigt besvärsfria. För andra görs det under akuta 
skov som faktiskt kan bli livshotande. Andelen UC-patienter som genomgår 
operation varierar mellan olika studier men har beskrivits vara ungefär 10 % 
efter 10 års sjukdom. UC drabbar människor i alla åldrar, men vanligaste 
åldern för insjuknande är 20-29 år. Sjukdomen drabbar även barn. Med 
sjukdomen följer också en ökad risk för cancer i tjocktarm och ändtarm. 
Risken har beskrivits vara 2-3 gånger högre jämfört med den för friska. 

Tjocktarmsväggen är uppbyggd av en slemhinna (mukosa) som har ett 
lager celler längst ut (epitel). Mukosan består av inbuktningar (kryptor) och 
en del som kallas lamina propria där det bland annat finns immunceller och 
nervtrådar. Under mukosan finns submukosan. I submukosan finns blodkärl 
och en omkopplingsstation för nerver som kallas submukösa plexat. Under 
submukosan finns två muskellager, och mellan dessa muskellager finns en 
annan omkopplingsstation för nerver som kallas myenteriska plexat (för 
bilder över tarmens uppbyggnad, se Fig 1 sid 9 samt Fig 2 sid 10).  

Neurotransmittorer är substanser som överför signaler mellan olika 
nerver, och mellan nerver och celler. Den neurotransmittor som studerats i 
den här avhandlingen är acetylkolin. Acetylkolin tillverkas i nervändar med 
hjälp av ett enzym som heter ChAT. Det transporteras sedan till sin 
lagringsplats (vesiklar) med hjälp av transportören VAChT. Man har numera 
även funnit att acetylkolin kan produceras i celler som inte är nervceller. 
Detta kallas för det icke-neuronala kolinerga systemet. Acetylkolin påverkar 
receptorer, och i denna avhandling fokuseras på den så kallade 
muskarinerga receptorn M2. Acetylkolin har bland annat effekter på 
immunsystem och tillväxtprocesser. 

Vidare har neuropeptiderna substans P (SP), VIP och CGRP studerats. 
Neuropeptider är inblandade i vävnadstillväxt, inflammation, tumörtillväxt 
mm. SP är bland annat inblandad vid upplevelse av smärta, vid reglering av 
blodflöde, vid sårläkning, och vid aktivering av kräkreflexen. VIP är bland 
annat inblandad vid reglering av blodflöde, tarmrörelser, och sårläkning. 
Viktiga skillnader funktionellt dem emellan är att VIP är en anti-
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inflammatorisk substans och SP en pro-inflammatorisk substans, och vidare 
verkar de olika på motoriken i tarmen. 

Eosinofiler är en typ av vita blodkroppar som mycket väl kan vara 
inblandade vid utvecklingen av UC. Aktivering av dessa celler gör att de 
tömmer ut granula som förstör vävnaden, skapar inflammation, och i tarmen 
kan detta leda till bland annat diarré. Det har också nyligen föreslagits att 
eosinofiler även ska kunna reparera skadat epitel.  

Bakgrund till dessa studier 
Effekterna av signalsubstanserna acetylkolin, SP och VIP  är viktiga för både 
frisk och inflammerad tarm. Men det är många faktorer som är oklara (för 
referenser, se Introduction). Det gäller: 

• Nivåerna av SP och VIP i nerver vid svår UC-sjukdom. Det finns 
stora variationer i resultaten från studier som tidigare gjorts. Utifrån 
dessa tidigare studier är det oklart om förändringar i SP- och VIP-
innervering hör ihop med sjukdomsprocessen vid UC.   

• Ifall det finns produktion av VIP och SP i epitelet i tarmen? Det 
är välkänt att SP och VIP inte enbart produceras i nerver utan också av 
inflammationsceller. Men man vet inte om SP och VIP också produceras 
i epitelet i tarmen. Man vet däremot att de produceras i epitel på några 
andra platser i kroppen. 

• Nivåerna av SP och VIP i blod jämfört med nivåerna av dessa i 
mukosa. Neuropeptider frisläpps från vävnader till blodet. Det är okänt 
om det finns någon koppling mellan nivåerna av dessa i blod och 
nivåerna i tarmens mukosa. Det som är intressant är om man kan mäta 
dessa substanser i blodet och på så sätt få någon vägledning om hur 
sjukdomen ser ut i tarmen.  

• Receptorerna för SP och VIP vid svår UC-sjukdom. Det finns 
oklarheter i nivåerna av receptorerna (bindningsställena) för SP och VIP 
vid UC. Man vet heller inte om nivåerna av receptor har någon koppling 
till hur skadad tarmen är vid UC. 

• Det icke-neuronala kolinerga systemet vid UC. Det finns inga 
tidigare studier gjorda angående det icke-neuronala kolinerga systemet 
vid UC. Det kolinerga systemet kan ha en anti-inflammatorisk effekt, och 
acetylkolin har effekter på tillväxt, blodkärlsbildning, och troligen 
sårläkning. Därför är det intressant att studera detta vid UC. 
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Material och metoder 
I den här studien har material studerats från UC-patienter som varit så 

sjuka att de varit tvungna att få sin tarm bortopererad. Som kontroller har 
tarm från patienter som opererat bort tjocktarmen av andra skäl, oftast på 
grund av tjocktarmscancer använts. Då har en till synes frisk tarmbit minst 
10 cm från tumören undersökts. Även blodprov har tagits från både UC-
patienter och kontrollerna. Det har även tagits blodprov från helt friska 
försökspersoner. 

Tarmbitarna har snittats i 0,007 mm tunna snitt och har sedan färgats in 
med olika metoder (immunhistokemi, in situ hybridisering och 
autoradiografi). En del av tarmbitarna har dessutom lösts upp i vätska och 
analyserats med den biokemiska metoden EIA. Även blodet har analyserats 
med den metoden.  

Projektet är godkänt av etisk kommitté. Alla patienter har informerats och 
de har gett sitt samtycke till att vara med i studien.   

Sammanfattning av resultat 

• Det finns i princip ett samband mellan graden av tarmskada, antalet 
eosinofiler i mukosan, samt graden av SP-receptor i epitelet. Där skadan 
är stor finns oftast en stor mängd SP-receptor i epitelet och många 
eosinofiler i den underliggande mukosan. Det kan vara till nackdel för 
mukosan eftersom SP är en pro-inflammatorisk substans. Fynden talar 
också för att SP kan vara inblandad i rekryteringen av eosinofiler till den 
inflammerade mukosan.  

• Det finns vissa tecken på en produktion av VIP och SP i epitelet i tarmen. 
Uttryck för dessa ses nämligen på så kallad mRNA-nivå. Alltså kan det 
vara så att VIP och SP inte bara tillförs tarmen via nerver och 
inflammationsceller vilket man tidigare trott.  

• Det finns ett färre antal receptorer för VIP i tarm som är mycket skadad, 
jämfört med lindrigt skadad och normal tarm. Det är en nackdel 
eftersom VIP har anti-inflammatoriska egenskaper.  

• Nivåerna av neuropeptiderna SP, VIP och CGRP är högre i både blod och 
tarm hos UC-patienter jämfört med kontroller. Det finns ett samband 
mellan skadad mukosa, och nivåerna av neuropeptiderna i både tarm 
och blod. Mer skada på mukosan leder till högre nivåer av 
neuropeptiderna i mukosan och i blodet. Parallell analys av alls dessa tre 
neuropeptider i blodprov kan alltså ge en fingervisning om graden av 
inflammation/skada av mukosan.  
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• Bevis visas för att en lokal produktion av acetylkolin sker i celler i 
tarmen. Det har förut inte visats för UC tarm. Det finns alltså inte bara 
ett neuronalt kolinergt system i tarmen utan också ett icke-neuronalt 
sådant system. Det sker en del förändringar i detta vid UC.  

• Ett huvudbudskap är att fynden talar för att det, mer än vad man förut 
trott, sker en lokal produktion av SP, VIP och acetylkolin i mukosan i 
tarmen. Detta kan ha en viktig betydelse vid UC.  
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