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Koskela, Ritva, Microscopic colitis: Clinical features and gastroduodenal and
immunogenetic findings. 
University of Oulu, Faculty of Medicine, Institute of Clinical Medicine, Department of Internal
Medicine, Institute of Diagnostics, Department of Pathology, Department of Medical
Microbiology,  P.O. Box 5000, FI-90014 University of Oulu, Finland
Acta Univ. Oul. D 1097, 2011
Oulu, Finland

Abstract

The aims of this study were to investigate the clinical features, the endoscopic and histological
abnormalities of ileocolonic and gastroduodenal mucosa and immunogenetic background of
microscopic colitis (MC) and its subtypes collagenous colitis (CC) and lymphocytic colitis (LC).
30 patients with CC and 54 with LC were examined with different control groups used according
to the study. 

The mean age at diagnosis was in the sixties in both CC and LC, with a female preponderance
in both Autoimmune conditions such as celiac diseased (CD) were common in MC. Bronchial
asthma associated with LC. Lactose intolerance associated with MC but colonic diverticulosis was
rare. 

Ileal histological changes were common in MC. Focal gastritis did not associate with MC.
Lymphocytic gastritis was found only in LC. Gastric endoscopic erosions were more prevalent in
CC than in LC. The age at diagnosis of MC was higher in H. pylori positive than negative patients.
The patients with MC had shorter duodenal villi than controls even when patients with CD were
excluded. 

HLA-DR3-DQ2 haplotype and TNF2 allele carriage were more frequent in patients with MC
compared to controls. The genotype GG of IL-6-174 was more prevalent in MC compared to the
controls. IL-6 genotype did not associate with the serum IL-6 concentration. The concentration of
IL-6 was higher in patients with CC than in LC. 

In conclusion, in addition to colonic typical inflammation, histological abnormalities were
detected also in gastric, duodenal and ileal mucosa. CD was common in MC, but there was no
association with specific types of gastritis. HLA association was found in MC. Polymorphism in
the proinflammatory IL-6-174 gene displayed a possible association with MC. Although CC and
LC share many clinical features, the differences in the occurrence of immune conditions, gastric
abnormalities and IL-6 response point to differences in their pathogenesis. 

Keywords: celiac disease, collagenous colitis, cytokine gene polymorphism, focal
gastritis, Helicobacter pylori, HLA-DR3-DQ2, interleukin-6, lymphocytic colitis,
lymphocytic gastritis, microscopic colitis, TNF2





Koskela, Ritva, Mikroskooppisten koliittien kliiniset, histopatologiset ja
immunogeneettiset piirteet. 
Oulun yliopisto, Lääketieteellinen tiedekunta, Kliinisen lääketieteen laitos, Sisätaudit,
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Tiivistelmä

Tutkimuksen tavoitteena oli tutkia mikroskooppisen koliitin sekä sen alaryhmien,
kollageenikoliitin ja lymfosyyttisen koliitin kliinisiä piirteitä, mahalaukun ja ohutsuolen
limakalvon muutoksia sekä immunogeneettistä taustaa. Tutkimukseen osallistui 30 kollageeni- ja
54  lymfosyyttikoliittipotilasta sekä verrokkeja.  

Sekä kollageenikoliitti että lymfosyyttinen koliitti diagnosoitiin keskimäärin 50-60 v iässä, ja
molemmissa tautiryhmissä naisia oli enemmän kuin miehiä. Autoimmuunisairaudet kuten keliakia
olivat yleisiä liitännäissairauksia. Astmaa esiintyi lymfosyyttistä koliittia sairastavilla verrokkeja
enemmän. Laktoosi-intoleranssi oli yleistä, mutta paksusuolen divertikuloosia oli harvoin
mikroskooppista koliittia sairastavilla potilailla.

Ileumin muutokset olivat yleisiä. Mikroskooppinen koliitti ei assosioitunut fokaaliseen
gastriittiin. Lymfosyyttigastriittia todettiin vain lymfosyyttisessä koliitissa. Mahalaukun
eroosioita esiintyi enemmän kollageenikoliitissa kuin lymfosyyttisessa koliitissa.
Mikroskooppinen koliitti ilmeni iäkkäämpänä niillä, joilla todettiin helikobakteeri.
Pohjukaissuolen suolinukka oli keliakiasta riippumatta matalampaa kuin verrokeilla.

HLA-DR3-DQ2 haplotyyppiä, TNF-2 alleelia ja IL-6-174-GG genotyyppiä esiintyi
enemmmän mikroskooppista koliittia sairastavilla potilailla kuin verrokeilla. IL-6 genotyyppi ei
vaikuttanut seerumin IL-6-pitoisuuteen. IL-6 pitoisuus oli korkeampi kollageenikoliitissa kuin
lymfosyyttisessä koliitissa.

Havainnot osoittavat, että mikroskooppisessa koliitissa limakalvomuutoksia on paksusuolen
lisäksi myös muualla mahasuolikanavassa. Keliakia on tavallinen liitännäistauti. HLA-DR3-DQ2
on yleinen mikroskooppista koliittia sairastavilla myös ilman keliakiaa. IL-6-174-GG genotyypin
yleisyys viittaa siihen, että tämä polymorfismi saattaa altistaa mikroskooppiselle koliitille. Vaikka
kollageenikoliitti ja lymfosyyttinen koliitti ovat kliinisesti samankaltaisia sairauksia, erot
tautiassosiaatioissa, mahan limakalvon muutoksissa ja seerumin IL-6-tasoissa viittaavat erilaisiin
syntymekanismeihin.

Asiasanat: fokaalinen gastriitti, Helicobacter pylori, HLA-DR3-DQ2, IL-6, keliakia,
kollageenikoliitti, lymfosyyttigastriitti, lymfosyyttinen koliitti, mikroskooppinen
koliitti, sytokiinigeenipolymorfismi, TNF2





 

Lennä, lennä 

hetken tulinen lintu 

Tee pesä pilvien 

väliin 

Sitä se onni on 

ettei hetkeen katso 

taakseen 

eikä eteen. 

 

Tommy Tabermann 
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1 Introduction 

Microscopic colitis (MC) is a term used to describe those entities characterized by 

chronic watery diarrhoea, normal endoscopical appearance of the colon, and 

typical histological inflammatory changes in the colon (Read et al. 1980). MC is 

found in 9–10%, even up to 20% of the colonoscopies performed for non-bloody 

chronic diarrhoea (Fine et al. 2000b, Pardi et al. 2007).  

Collagenous colitis (CC) and lymphocytic colitis (LC) are the main types of 

MC, and the differential diagnosis of these entities is based on typical histological 

appearance of colon mucosa (Lazenby et al. 1989). The typical feature in CC is a 

clear subepithelial collagen band in addition to microscopic inflammatory 

changes in the mucosa of the colon (Lindstrom 1976). In LC, the most 

characteristic feature is an increased number of colonic intraepithelial 

lymphocytes (IEL) which may be found also in some cases of CC (Lazenby et al. 

1989). The relation of CC and LC is not clear. It is not known whether they are 

both manifestations of a single disease entity or whether they represent separate 

but related clinical conditions (Veress et al. 1995). These diseases resemble each 

other in many of their features and cannot be distinguished by the clinical 

presentation or disease course. There have been reports of a progression of CC to 

LC and vice versa (Nyhlin et al. 2006).  

The pathogenesis of MC is not understood. (Pardi 2004.) The associations 

with various autoimmune diseases such as celiac disease (CD), thyroid 

dysfunction and rheumatoid diseases, female predominance and the connection 

with specific human leucocyte antigen (HLA) – type have given rise to proposals 

of an autoimmune reaction being involved in pathogenesis of MC. Some 

compounds such as non-steroidal anti-inflammatory drugs (NSAID) have also 

been connected to the onset of symptoms of MC. Bile acid malabsorption (BAM) 

and infective agents have also suspected to play a role in disease pathogenesis. 

This study investigated the clinical characteristics of MC, its associations 

with other illnesses and medications. It was wished to determine if, in addition to 

CD, there are other characteristic abnormalities which can be detected in the 

upper gastrointestinal tract. In addition, the specific immunologic and genetic 

background of MC was investigated such as the occurrence of HLA-DQ-

haplotypes associated with CD and polymorphisms of certain cytokine genes 

(Tumor necrosis factor (TNF)-α, Interleukin (IL)-6, IL-1 β, IL-1 receptor 

antagonist (IL-1RA), IL-10, and CD14).  

  



18 

 



 19

2 Review of the literature 

2.1 Microscopic colitis 

2.1.1 History and terminology 

In 1976, Lindström described microscopic inflammatory changes and the 

subepithelial collagen layer (SCL) in a macroscopically normal colon of a woman 

suffering from diarrhoea and called the condition collagenous colitis (CC) 

(Lindstrom 1976). Microscopic colitis (MC) is a term originally introduced by 

Read et al. (1980) to describe patients with idiopathic chronic diarrhoea, normal 

endoscopical findings and microscopic evidence of an inflammatory infiltrate in 

the colonic mucosa, the symptoms of which are distinct although somewhat 

similar to those seen in CC. Lazenby et al. (1989) later showed that an increased 

number of colonic IELs was the most characteristic feature of MC and suggested 

a more accurate term: lymphocytic colitis (LC). In the literature MC is often used 

as an umbrella term covering all cases of colitis with abnormal histology but a 

normal endoscope appearance, and thus LC and CC are considered as two basic 

subtypes of MC (Pardi 2004). Towards the end of the 1990´s and in the 2000´s 

also atypical forms of microscopic colitis have been described: paucicellular LC 

or MC not otherwise specified, MC with the presence of giant cells, 

pseudomembranous CC, MC with granulomatous inflammation, cryptal 

lymphocytic coloproctitis and clear cell colitis (Chang et al. 2005).  

2.1.2 Epidemiology 

The prevalence of chronic diarrhoea is 4–5% in the population and 7–14% in an 

elderly population, with the frequency depending on definitions of diarrhoea and 

geographical region (Thomas et al. 2003). MC is found in 8–10% of patients 

colonoscopied because of diarrhoea (Olesen et al. 2004b, Fernandez-Banares et al. 

2010). There is published population-based epidemiologic data of MC from 

several different regions which is summarized in Table 1. The incidence increases 

gradually with age in MC (Olesen et al. 2004b). According to some 

epidemiological studies, the incidence of MC has increased during the past 

decades. This trend may partly be due to the increased awareness of the condition 

among clinicians and histopathologists, and this has led to improved diagnosis. 
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The geographical differences may represent true variation in the disease burden, 

but there may also be differences in the clinical routine for examining patients 

with diarrhoea. 

Table 1. Incidence rates (new diagnosis per 100 000 person years) of collagenous 

colitis and lymphocytic colitis in epidemiological studies  

Region Study period Collagenous colitis Lymphocytic colitis Study 

Sweden 1984–1993 1.8 not available Bohr 1995 

1993–1998 4.9 4.4 Olesen 2004 

1999–2004 5.2 5.5 Wickbom 2006 

Spain 1993–1997 2.3 3.7 Fernandez-Banares 1999, 2010 

2004–2008 2.9 2.3 

Iceland 1995–1999 5.2 4.0 Agnarsdottir 2002 

USA 1985–1997 1.6 2.7 Pardi 2007 

1998–2001 7.1 12.6 

Canada 2002–2004 4.6 5.4 Williams 2008 

2.1.3 Demographic features 

MC is usually considered as a disease of the aged. However, a wide age range has 

been reported, and the disease may even rarely occur in childhood (Pardi 2004). 

Demographic features are summarized in Table 2. The peak incidence of MC is in 

the 6th and 7th decades although the peak seems to have moved to older age 

groups over 80 years as observed in a recent Spanish study (Fernandez-Banares et 

al. 2010). Accordingly, in a Swedish study, MC was found in 20% of patients 

older than 70 years who had been referred for colonoscopy for non-bloody 

diarrhoea compared to 10% of diagnostic yield in average (Olesen et al. 2004b). 

A predominance of women has been repeatedly reported in MC.  
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Table 2. Demographic features in microscopic colitis. 

Characteristics Microscopic colitis 

N = 1859 

Collagenous colitis 

N = 702 

Lymphocytic colitis 

N = 1157 

Gender (M:F) 1:1.6–1:6.2 1:2.7–1:7.5 1:1.1–1:4.5 

Age (years) at diagnosis     

Mean¹ 

(range) 

Median2 

 55–70¹ 

(18–94) 

63–64² 

56–68¹ 

(17–98) 

61–64² 

Diagnostic delay³ (months)    

Median 

(range) 

 4–25 

(0–600) 

2–5 

(1–240) 

¹mean (Fernandez-Banares et al. 1999, Baert et al. 1999, Kao et al. 2009, Fernandez-Banares et al 2010.  

²median (Bohr et al. 1996a, Pardi et al. 2002, Olesen et al. 2004b, Pardi et al. 2007). 

³Diagnostic delay refers to the time interval between the onset of symptoms and the diagnosis of MC 

(Fernandez-Banares et al. 1999, Baert et al. 1999, Fernandez-Banares et al. 2003, Olesen et al. 2004a, 

Olesen et al. 2004b, Fernandez-Banares et al. 2010) 

2.1.4 Clinical features 

The symptoms and clinical features of CC and LC are indistinguishable. 

(Fernandez-Banares et al. 2003.) Chronic or recurrent non-bloody watery 

diarrhoea is the most typical hallmark of MC, ranging from mild to severe and 

medically refractory. Nocturnal stools and faecal incontinence are common. 

Patients with MC without diarrhoea and even with constipation have also been 

reported (Mullhaupt et al. 1998, Olesen et al. 2004a). Abdominal pain, flatulence, 

abdominal distension and urgency and other symptoms common in irritable bowel 

syndrome (IBS) have often been reported in patients with MC (Limsui et al. 

2007). Weight loss, fatigue and nausea are also frequently encountered. (Bohr et 

al. 1996a, Pardi et al. 2002.) Although some patients may suffer from severe 

diarrhoea, serious dehydration is uncommon. Laboratory tests are usually in the 

normal range, but mild anaemia and hypersedimentation may be present 

(Fernandez-Banares et al. 2003). 

2.1.5 Disease course and prognosis 

The onset of symptoms can be sudden or gradual. (Bohr et al. 1996a, Baert et al. 

1999, Olesen et al. 2004a.) The disease course is often variable with remissions 

and relapses. Self-limited single attacks and spontaneous resolution, as well as a 
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course with chronic refractory symptoms and constant diarrhoea have been 

reported. 

The natural history for MC is usually benign, although disruptions in the 

quality of life might be significant (Madisch et al. 2005). In follow-up studies 

which varied in length from 6 months to 6.4 years, the resolution of symptoms 

spontaneously or with medications was achieved in 18–74% of patients with CC 

and 60–93% of patients with LC (Goff et al. 1997, Mullhaupt et al. 1998, Baert et 

al. 1999, Fernandez-Banares et al. 2003, Olesen et al. 2004a, Sveinsson et al. 

2008). However, diarrhoea was chronic in 7–44% of patients with MC and 

continuous or intermittent medical treatment was needed in 22–50% of patients. A 

histologic improvement in follow-up endoscopies in MC patients with or without 

treatment has been found in 36–82% of patients (Mullhaupt et al. 1998, Baert et 

al. 1999, Olesen et al. 2004a).  

Deaths described in follow-up cohorts were considered to be unrelated to MC 

and would be expected on the basis of the advanced age of the patients. 

(Fernandez-Banares et al. 2003, Pardi et al. 2007.) The overall cancer risk and 

mortality seem to be similar to those expected though long-term studies are still 

lacking. Some cases of colorectal cancer have been reported, and in only few 

cases of colorectal cancer occurring after a diagnosis of MC have been reported 

(Williams et al. 2008, Kao et al. 2009). In the study of Williams et al. (2008), the 

risk of developing MC was associated with past history of malignancy in older 

women. In addition, an excess of lung cancers in patients with CC has been 

reported in women (Chan et al. 1999). 

2.1.6 Associated diseases and extracolonic manifestations 

The occurrence of associated diseases is summarized in Table 3. Many studies 

have observed increased rates of autoimmune and chronic inflammatory disease 

in patients with MC with no differences being detected between CC and LC. In 

particular, the association to CD is remarkable as seen in Table 4. This connection 

will be discussed later in section 2.2.1. Using the anti-depressive drugs as 

serotonin reuptake inhibitors (SSRIs), as a proxy, depression seems to be common 

in patients with MC but only in one study of LC has the frequency been estimated 

to be 14% (Olesen et al. 2004a). No remarkable differences were found in the 

associated diseases between the CC and LC in most studies. 

Inflammatory changes may not be restricted to the colon mucosa in MC 

although no systematic information of extracolonic abnormalities in MC has been 
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published. Ileal histologic changes such as villous atrophy, intraepithelial 

lymphocytosis and abnormal SCL have been reported in MC (Marteau et al. 1997, 

Sapp et al. 2002).  

There are mainly case reports of gastric and duodenal changes in MC patients. 

In addition, in gastric and duodenal mucosa, an increased number of IEL may 

occur. (Marteau et al. 1997, Fine et al. 2000a.) In the duodenum elevated numbers 

of IEL are often accompanied by villous atrophy and cryptal changes indicative of 

concomitant CD. Lymphocytic gastritis (LG) and enteritis in association with LC 

and collagenous gastritis, gastrobulbitis and enterocolitis in association with CC 

and LC will be discussed in the section 2.2.4 (Wu & Hamilton 1999, Leung et al. 

2009). 

Table 3. Associated diseases in microscopic colitis. 

Associated disease Microscopic colitis (%) Collagenous colitis (%) Lymphocytic colitis (%) 

Celiac disease 0–17  0–11 0–27 

Diabetes mellitus (all types) 7–14 3–16 3–16 

Insulin dependent diabetes 2 2–4 3–9 

Thyroid disorders 5–13 5–21 5–21 

Rheumatoid arthritis 3–7 2–10 2–7 

Other collagenoses 2–9 1–11 3–7 

 Fibromyalgia 3–4 3–6 2–5 

Chronic artrhalgia 23 25 21 

Bronchial asthma  7 6–7 4–5 

Autoimmune diseases 18–45 18–58 18–47 

References: (Armes et al. 1992, Bohr et al. 1996a, Baert et al. 1999, Gillett & Freeman 2000, Ayata et al. 

2002, Pardi et al. 2002, Fernandez-Banares et al. 2003, Olesen et al. 2004a, Barta et al. 2005, Williams et 

al. 2008, Kao et al. 2009) 
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Table 4. Prevalence of celiac disease (CD) in microscopic colitis. 

Region, 

country 

Microscopic colitis 

(collagenous colitis ; 

lymphocytic colitis) 

N (N;N) 

Prevalence of celiac disease  Study* 

microscopic  

colitis 

N (%) 

collagenous  

colitis 

(N%) 

lymphocytic 

colitis 

N (%) 

 

Australia 38 (38; 0)  4 (11) 

(40)³ 

 Armes 1992 

Belgium  176 (96; 80) 10 (5.7) 3 (3.1) 7 (8.8) Baert 1999 

Canada 23 (8; 15) 4 (17.4) 0 

 

4 (27) Gillett 2000 

Canada 104 (69; 35) 2 (2) 0 2 (5.7) Chande 2005 

Canada 164 (75; 89) 12 (7.3) 5 (6.7) 7 (7.9) Williams 2008 

Spain 81 (37;44) 0 0 0 Fernandez-

Banares 2003 

Sweden 163 (163; 0)  13 (8)  Bohr 1996 

Sweden 97 (51;46) 7 (13.7) 

(17)¹ 

3 (6.5) 

(7.5)¹ 

 Olesen 2004b 

Sweden 199 (0; 199)   17 (9) Olesen 2004a 

United 

Kingdom  

53 (43; 10) 5 (9.4) 3 (6) 2 (2) Fraser 2002 

United 

States 

170 (0; 170)   10 (6) Pardi 2002 

United 

States 

130 (46; 84) 5 (3.1) 

(10)² 

 2 (4.3) 3 (3.6) Pardi 2007 

United 

States 

547 (171; 376) 18 (3.3)  5 (2.9) 13 (3.5) Kao 2009 

*The first author and year of the publication. 

¹42 pts of CC tested for CD, 7 found (17%) 

 40LC patients tested for CD,3 found (7.5%) 

²50 patients tested for CD, 5 found (10%) 

³10 patients tested for CD, 4 found (40%) 

2.1.7 Diagnosis of MC 

A history of chronic watery diarrhoea may arouse a suspicion of MC. Several 

other conditions causing chronic diarrhoea must be excluded. (Thomas et al. 

2003.) Laboratory tests should be taken to exclude other causes of diarrhoea and 

to find diseases which may be worsening the symptoms. Lactose intolerance, 

other dietary agents or drugs possibly causing diarrhoea need to be determined 

and ruled out. Hyperthyreosis, CD and other diseases which may cause abdominal 
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symptoms should be excluded. It is recommended to undertake stool culture to 

exclude infectious colitis.  

The most relevant intestinal diseases to be considered in the differential 

diagnosis are ulcerative colitis (UC), Crohn`s disease, intestinal infections and 

IBS. (Fine et al. 2000b, Thomas et al. 2003.) The differential diagnosis is mostly 

based on the endoscopic view and evaluation of histological samples taken from 

the colon. However, it is notable that some histological features often associated 

with inflammatory bowel disease (IBD) or even ischemic or infectious colitis may 

be present in patients with clinically established MC (Ayata et al. 2002). The 

differential diagnosis and relationship of MC with CD, IBD and IBS are reviewed 

in sections 2.2.1, 2.2.2 and 2.2.3.  

Endoscopy 

In colonoscopy, the surface of the colon is typically normal-looking to the eye, 

but subtle non-specific abnormalities such as erythema, oedema or abnormal 

vessel-patterns have been described in 20–34% of cases, and in rare cases 

mucosal tearing has been observed (Bohr et al. 1996a, Cruz-Correa et al. 2002, 

Ayata et al. 2002, Olesen et al. 2004a). In chromoendoscopy with indicocarmine 

staining of the mucosa, an uneven and coarse staining pattern distinguishable 

from normal mucosa has been reported in CC (Sato et al. 2003). In addition, new 

techniques such as endoscopic ultrasonography and confocal endomicroscopy 

have been tested in MC although the data about the benefit of those advanced 

techniques is still rather limited (Hollerweger et al. 2003, Kiesslich et al. 2006).  

Since the histological changes in colon may be distributed in a patchy manner, 

multiple biopsies are recommended. None of the colonic segments alone provides 

a 100% diagnostic yield, although the inflammatory changes and possible 

collagenous bands are often most prominent in the proximal part of the colon. It 

has been reported that a sigmoideoscopic examination may miss the diagnosis in 

5–44% of cases. (Offner et al. 1999, Agnarsdottir et al. 2002, Pardi 2004.) 

Ileocolonoscopy is recommended in patients over 50 years of age in order to 

obtain samples from different colonic segments to maximize the likelihood of a 

correct diagnosis and also to exclude malignancies, adenomas and Crohn`s 

disease of proximal colon and ileum.  
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Histopathology 

The diagnosis of MC is based on histological samples taken from the colon. The 

diagnosis of LC is based on an increased number of IEL (>20/100 epithelial cells) 

(Figure 1), and the diagnosis of CC is established by the presence of SCL beneath 

the basal membrane exceeding 10 µm in thickness (Figure 2). Both changes are 

seen as diffusely visible in more than one biopsy specimen (Lindstrom 1976, 

Lazenby et al. 1989). The collagen deposition of SCL consists mainly of type VI 

collagen but also type III collagen may be detectable. SCL contains also a 

significant amount of the glycoprotein, tenascin (Aigner et al. 1997).  

An additional finding in both forms of MC is inflammation in lamina propria 

dominated by lymphocytes and plasma cells (Lazenby et al. 1989). In addition, 

eosinophils and mast cells may be found, but neutrophils are scanty. Surface 

epithelial degenerative changes are seen; these consist of flattening and 

vacuolization of the epithelial cells and detachment of the surface epithelium. In 

CC, there may be an excess of IEL, although often to a lesser degree than found 

in LC. A simultaneous increase in the numbers of IEL (more than 20%) and the 

SCL has been reported in up to 28–81% of patients with CC (Veress et al. 1995, 

Baert et al. 1999, Fernandez-Banares et al. 2003). The IELs are predominantly 

CD8+ T-lymphocytes and lymphocytes in lamina propria consist of CD4+ T 

helper (Th)-cells (Mosnier et al. 1996). MC shares some morphologic features in 

common with IBD e.g. active cryptitis and crypt abscesses and Paneth cell 

metaplasia (Ayata et al. 2002).  
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Fig. 1. Biopsy findings in lymphocytic colitis showing the characteristic increased 

number of intraepithelial lymphocytes (arrow) and an increased number of lamina 

propria mononuclear inflammatory cells. (Stained with hematoxylin and eosin), 

original magnification x 200). 

Fig. 2. Biopsy findings in collagenous colitis showing the characteristic thick 

subepithelial collagen layer (arrow). There is also an increased number of 

mononuclear inflammatory cells in the lamina propria and a mild increase of 

intraepithelial lymphocytes (Stained with hematoxylin and eosin, original 

magnification x 200). 
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2.1.8 The relationship of CC and LC 

There has been discussion about whether CC and LC are the same disease at 

different stages of development or rather two different but related conditions. 

Usually those conditions are considered to be subtypes of MC with similar 

clinical expression and partly similar histopathological features except for the 

SCL in CC. The clinical course may differ as more chronic and severe symptoms 

have been described in CC compared to LC in some but not all reports (Baert et al. 

1999, Fernandez-Banares et al. 2003, Sveinsson et al. 2008).  

The female preponderance has been reported in both forms of MC, though in 

many reports it has been clearer in CC compared to LC (Table 2). Differences in 

HLA-associations have been reported though the results are conflicting as 

discussed in section 2.1.9. The conversion of LC to CC or the opposite has been 

reported (Nyhlin et al. 2006). 

2.1.9 Etiopathogenesis of MC 

The cause of MC is largely unknown and probably multifactorial. It has been 

postulated that an inflammatory reaction in the mucosa arises from an abnormal 

immune response to a luminal antigen in predisposed individuals. (Nyhlin et al. 

2006.) The increased number of T lymphocytes in epithelial layer of mucosa may 

support this proposal. The role of luminal factors is supported by regression of 

colonic inflammation after diversion of the faecal stream (Jarnerot et al. 1995). 

No specific luminal antigens have been detected, although different infectious 

agents and bacterial degradation products such as toxins, or other luminal factor 

as gluten have been suggested as triggering factors of the disease. Factors 

increasing epithelial permeability, i.e. certain drugs (NSAIDs), may allow luminal 

antigens to enter the lamina propria and evoke an inflammatory response (Pardi 

2004). The accumulation of MC cases in certain families and its association with 

CD suggest some degree of genetic susceptibility (Jarnerot et al. 2001). 

Drugs 

Diarrhoea is a relatively frequent adverse event induced by some drugs, 

accounting for about 7% of all adverse effects of drug therapy. More than 700 

drugs have been claimed to cause diarrhoea (Chassany et al. 2000). There are 

several reports suggesting that certain drugs have induced MC. Beaugerie and 
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Pardi (2005) have suggested a scoring system to classify drugs according their 

propensity for causality and 17 drugs were identified as having a high or 

intermediate causality to MC (Table 5). In the study by Fernandez-Banares et al 

(2007), drug-consumption seemed to increase the risk of MC. NSAIDs and SSRIs 

were often used by patients with MC and may have acted as a triggering factor for 

colonic inflammation or for worsening self-evolving MC. According to several 

clinical studies, 15–71% of patients with CC and 13–53% of patients with LC 

have used NSAIDs regularly and correspondingly 16–28% and 20–27% have 

been taking SSRIs at the time of onset of colitis (Goff et al. 1997, Baert et al. 

1999, Fernandez-Banares et al. 2003).  

Table 5. Drugs associated with microscopic colitis (modified from Beaugerie & Pardi 

2005). 

Causality inducing microscopic colitis Drugs 

Definite causality Ranitidine, Acetylsalicylic acid, NSAIDs, Lansoprazole, 

Sertraline, Acarbose, Cyclo-3-Fort, Cirkan 

Probable causality  Lisinopril,Paroxetine,  

Carbamazebine, Simvastatin, Flutamide, 

Modopar, Tardyferon,  

Vinburnine, Oxetorone 

Low probability Cimetidine,Gold salts, Daflon, Piascledine 

Infection 

A sudden onset of MC and a positive response to antibiotic treatment in some of 

these patients have given rise to the idea of a possible infectious cause. (Nyhlin et 

al. 2006.) In addition, the positive effect of cholestyramine treatment has been 

suggested to result from chelation of microbial cytotoxins. LC shares many 

features with Brainerd diarrhoea, an acute watery diarrhoea with a long duration 

associated with mucosal lymphocytosis. (Osterholm et al. 1986.) There is 

epidemiological evidence to suggest an infectious etiology for Brainerd diarrhoea, 

though no causative organism has been identified. Serological evidence for a 

Yersinia enterocolitica and other Yersinia species have been found in patients with 

CC (Makinen et al. 1998, Bohr et al. 2002b). There are also case reports for an 

association of MC with other bacteria as Campylobacter jejuni and Clostridium 

difficile (Nyhlin et al. 2006). 
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Autoimmunity 

The reported association of MC and various autoimmune conditions, 

characteristic lymphocyte infiltration at the site of inflammation, HLA-DR 

expression in epithelial cells, female preponderance and the responsiveness to 

corticosteroids are features possibly reflecting the autoimmune background of 

MC. (Pardi 2004.) The putative association of MC and CD with autoimmunity is 

considered in detail in section 2.2.1. The inflammation primarily initiated by a 

foreign luminal agent may lead to immunologic cross reactivity with an 

endogenous antigen in certain predisposed individuals in the pathogenesis of an 

autoimmune condition. Autoimmune markers such as anti-nuclear antibodies have 

been detected repeatedly in MC, but the results for other antibodies such as 

perinuclear antineutrophil cytoplasmic antibodies and anti-Saccharomyces 

cerevisiae antibodies have been controversial (Bohr et al. 1996b, Freeman 1997, 

Holstein et al. 2006). No disease-specific markers for MC have so far been 

identified.  

Genetic background and HLA associations 

There are case reports of an accumulation of MC in families (Jarnerot et al. 2001). 

An HLA association could point to a genetic predisposition towards MC, but no 

other studies of possible genetic background of MC have been reported. An 

increased prevalence of HLA-A1 and a decreased prevalence of HLA-A3 in LC 

have been reported but no such an association was found in CC (Giardiello et al. 

1992). The association of MC to HLA-DQ haplotypes similar to those found in 

CD have been reported (Fine et al. 2000a), but in a Spanish study, the association 

with HLA-DQ2 genes was observed only in LC (Fernandez-Banares et al. 2005).  

Bile acid malabsorption 

It has been speculated whether concomitant BAM could be the pathogenetic 

mechanism in MC, i.e. an increase of bile acids possibly triggering the mucosal 

inflammation in colon, but the role of BAM is contradictory. The prevalence of 

BAM has been detected in 27–44% of patients with CC and in 9–60% of those 

with LC. (Ung et al. 2000, Fernandez-Banares et al. 2001, Ung et al. 2002.) In 

uncontrolled studies, cholestyramine, a bile acid binding drug, has been reported 

to be effective (ad 80%) in both forms of MC where there is concomitant BAM, 
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even though no improvement in mucosal inflammation was detected (Ung et al. 

2001). However, as shown in the same studies, the efficacy of cholestyramine in 

MC patients without BAM also seems to be good (20–67%).  

Mechanism of diarrhoea in MC 

The precise mechanism of diarrhoea in MC is not fully understood. Colonic 

perfusion studies have suggested that diarrhoea in these conditions is secretary in 

nature i.e. due either to increased secretion or reduced absorption (Rask-Madsen 

et al. 1983). However fasting seems to reduce diarrhoea, which would indicate 

that there is an osmotic component behind the diarrhoea in some patients as well 

(Bohr et al. 2002a) . In CC, the volume and weight of the diarrhoea stools seem to 

be related to the intensity of inflammation in the lamina propria but not to the 

extent or the thickness of the collagenous band (Wang et al. 1987, Lee et al. 

1992). Thus the severity of chronic inflammation and surface epithelial damage of 

the colonic mucosa is believed to be the main determinant of diarrhoea in both 

CC and LC (Bo-Linn et al. 1985). Nitric oxide has been suggested to be involved 

in the pathophysiology of the diarrhoea in MC i.e. colonic nitric oxide production 

is elevated in MC and the levels of nitric oxide seem to correlate with the activity 

of MC (Lundberg et al. 1997).  

2.1.10 Treatment of MC 

There is no specific treatment for MC. Treatment has been based only in 

anecdotal evidence and treatment options have been mainly empirical. (Nyhlin et 

al. 2006.) It is recommended that drugs and agents possibly exacerbating 

diarrhoea such as NSAIDs, excess of caffeine, sweeteners or lactose should be 

discontinued. (Pardi 2004.) Concomitant CD should be treated by a gluten-free 

diet (GFD). Anti-diarrhoeal treatment with loperamide is often effective and safe 

to use when tolerated and recommended as a symptomatic first-line therapy. If 

symptomatic treatment does not help, the same drugs as used in IBD and 

cholestyramine have been prescribed. There are some published uncontrolled 

reports about treatment with some drugs normally used in MC (corticosteroids, 5-

aminosalicylic acid (5-ASA) compounds, cholestyramine, bulking agents, and 

antibiotics) and in small series or in complicated cases of MC (azathioprine, 

methotrexate, cyclosporine, octreotide, pentoxifylline) but placebo-controlled and 

randomized studies are few with limited patient series. Those studies are 
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summerized in Table 6. At present, only treatment with oral budesonide has 

resulted with both a symptomatic and histological response, however the 

symptoms did reappear after discontinuation of the drug. Surgery is seldom 

necessary, but case reports of ileostomy with or without colectomy, subtotal 

colectomy or colectomy with an ileal pouch anal anastomosis have been 

published (Jarnerot et al. 1995, Nyhlin et al. 2006). 

Table 6. Randomized placebo-controlled treatment studies in microscopic colitis (MC), 

collagenous colitis (CC) and lymphocytic colitis (LC). 

Treatment Dosage/day 

Duration of trial

type of 

MC N 

Clinical 

response/remission 

Histologic 

response/remission 

Study¹ 

Bismuth 

subsalicylate 

2358 mg 

8 weeks 

CC 9 

LC 5 

MC: 7/7 vs.0/7 

p = 0.03 

CC 4/4 vs 0/5 p = 0.03 

LC 3/3 vs. 0/2 p = ns 

CC 4/4 vs. 0/0 

p = 0.03 

LC 2/3 vs. 1/2  

p = ns 

Fine 1999 

Boswellia serrata 1200 mg 

6 weeks 

CC 31 20/23 vs. 3/22 

p < 0.001 

p = NS Madisch 

2007 

Prednisolone 50 mg 

2 weeks 

CC 11 5/8 vs 0/3 

p = 0.15 

no data Munck 

2003 

LA-5 and BB-12² 2 capsules 

12 weeks 

CC 29 6/21 vs 1/8 

p = 0.38 

no effect Wildt 

2006 

Budesonide 9 mg 

8 weeks 

CC 28 8/14 vs 3/14 

p = 0.05 

10/11 vs 4/12 

p = 0.01 

Baert 

2002 

9 mg 

8 weeks 

CC 45 20/23 vs. 3/22 

p < 0.001 

14/26 vs, 1/25 

p = 0.002 

Mielhke 

2002 

9 mg 

8 weeks 

CC 20 10/10 vs. 2/10 

p < 0.001 

10/10 vs. 3/10 

p = 0.02 

Bonderup 

2003  

6 mg 

6 months³ 

CC 80 33/40 vs. 11/40 

p = 0.0002 

19/25 vs. 6/19 

p = 0.002  

Bonderup 

2009 

Mielhke 

2008 

9 mg 

6 weeks 

LC 42 18/21 vs. 10/21 

p = 0.01 

11/15 vs. 4/13 

p = 0.030 

Miehlke 

2009 

¹First author and year of publication.  

²Lactobacillus acidophilus LA-5 and Bifidobacterium animalis supsp. lactis. 

 ³Maintenance of response 
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2.2 Other chronic inflammatory states in the gastrointestinal 
mucosa 

2.2.1 Celiac disease 

CD is defined as an immune-mediated condition with abnormal proximal small 

intestinal mucosa triggered and maintained by the ingestion of gluten-containing 

grains and improved with a GFD affecting genetically susceptible persons 

(Abadie et al. 2011). CD is a common disease in the Western world, with 

prevalences increasing being around 0.5–1% according to serologic screening 

studies (Mustalahti et al. 2010). In Finland, the biopsy proven prevalence has 

been assessed at between 0.45%–1%, with the frequency in the elderly as high as 

2.34%, and when also positive serology was included then prevalences of 1% in 

adolescents, 2% in adults and 2.74% in elderly people have been estimated 

(Collin et al. 1997, Maki et al. 2003, Lohi et al. 2007, Vilppula et al. 2009, 

Mustalahti et al. 2010). 

The golden standard for the diagnosis of CD is the duodenal biopsy 

exhibiting the typical histology with increased IEL count, crypt hyperplasia and 

villous atrophy (Green & Cellier 2007). However, there is a range of histological 

changes from normal villous architecture with an mere intraepithelial 

lymphocytosis, through partial villous atrophy to total villous atrophy with crypt 

hyperplasia (Marsh 1992). The first diagnostic criteria for CD were produced in 

1969 and modified later by an expert board of the European Society of Paediatric 

Gastroenterology and Nutrition (ESPGAN) (Walker-Smith JA et al. 1990). The 

latest criteria revised in 2001 are also known as the Amsterdam criteria (United 

European Gastroenterology 2001). Serological tests, such as endomycial and 

tissue transglutaminase (TTG) antibodies, have been used in screening of CD 

(Collin et al. 2007). 

The classical symptoms of CD are weight loss, diarrhoea, steatorrhea, but 

often gastrointestinal symptoms are mild and may resemble symptoms of IBS. 

(Green & Cellier 2007, Collin et al. 2007.) The silent form of the disease 

comprises the majority of patients with screening-detected CD. Latent CD refers 

to patients with positive serologic tests for CD, a high density of IEL (with γ/δ T 

cell receptors) without villous atrophy in duodenal mucosa and carriage of 

susceptibility genes for CD (Kaukinen et al. 2007). CD is frequently found in 

conjunction with other autoimmune diseases (Green & Cellier 2007).  
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The effect of a GFD, which is the treatment of CD, is monitored by taking 

duodenal biopsies after approximately one year after starting the diet (United 

European Gastroenterology 2001). The most common cause of a poor response is 

continued gluten contamination in food intentionally or by accident. (Green & 

Cellier 2007.) In refractory celiac disease (RCD), villous atrophy does not 

improve in spite of adhering to a strict GFD.  

The mucosa damage develops gradually and is most prominent in the 

proximal small intestine with the severity of the damage, gradually decreasing 

towards the distal small intestine, and rarely does the lesion extend to the ileum 

(Murray et al. 2008). Abnormalities of the gastric and colorectal mucosa may also 

be observed in some cases. CD, especially RCD may be associated with diffuse 

epithelial T cell infiltration at all levels of the gastrointestinal tract (Fine et al. 

1998, Verkarre et al. 2003). The IEL count in gastric mucosa, especially in antrum, 

has been reported to be higher in patients with CD, especially in those not with 

GFD, compared to controls (Karttunen & Niemela 1990, Diamanti et al. 1999). 

The association of LG to CD will be discussed in 2.2.4. In addition collagenous 

gastritis and collagenous sprue have been described in patients with CD (Leung et 

al. 2009). 

There is a strong genetic influence on the susceptibility of CD. (Karell et al. 

2002, Abadie et al. 2011.) The reported concordance rate among monozygotic 

twins is about 75%, and 10–15% of first degree relatives are affected. Almost all, 

90–95% of CD patients possess the HLA-DR3 or -DR5/7 combination-associated 

DQ2 molecule with most of the rest having HLA-DR4-DQ8. On the other hand, 

since HLA-DR3-DQ2 is present in 10–30% of Caucasians without CD, less than 

10% of HLA-DR3-DQ2-positive individuals actually develop CD. As the 

contribution of HLA to the familial risk of CD has been estimated to be up to 35%, 

the susceptibility conferred by the HLA-DR3-DQ2 may be influenced by other 

either inside or outside the MHC region. The so-called genome-wide association 

(GWA) studies had identified a large number of other genes implicated in CD 

(Dubois et al. 2010). In studies about cytokine polymorphisms the results have 

been controversial, depending partly on the study population and partly on the 

geographical region those results will be interpreted in section 2.3.3.  

The relationship of CD and MC 

The inflammatory characteristics of MC, i.e. mononuclear inflammatory cell 

infiltration of the lamina propria and intraepithelial lymphocytosis, are strikingly 



 35

similar to those observed in the small bowel in CD. In untreated CD, mild colonic 

lymphocytosis has been reported in 19% of patients, but it differs from LC by the 

lack of surface epithelial abnormalities (Fine et al. 1998).  

In several MC studies, the association with CD has been documented (Table 

4). In CD, the prevalence of MC is higher than in the normal population, with 

frequencies varying upon the timing of the colonoscopy to the diagnostic 

gastroscopy, use and effect of GFD and also the diagnostic criteria. The overall 

frequency of MC in CD varies from 2.7% up to 36%, frequencies such as  

22–67% being reported in nonresponsive CD, and in untreated CD values as high 

as 75% detected in small series (Fine et al. 1998, Fine et al. 2000b, Verkarre et al. 

2003, Hopper et al. 2005). An association of HLA-DR3-DQ2 with MC, especially 

with LC, has been described. (Fine et al. 2000a, Fernandez-Banares et al. 2005.) 

In those series, the relatively low prevalence of CD did not explain this 

association. 

2.2.2 Inflammatory bowel disease 

UC and Crohn`s disease are the two main types of IBD. In Finland, the 

prevalence of UC was 291/100 000 and Crohn`s disease 124/100 000 inhabitants, 

1999 the annual incidences were estimated 19.6 and 9.4/100 000 inhabitants, 

respectively. (Manninen et al. 2010.) Both diseases manifest typically in young 

adolescents, the peak onset in 15 to 30 years of age with a male preponderance 

limited in UC. Both diseases are characterized by their intermittent courses. 

(Baumgart & Sandborn 2007.) In the active stage, bloody diarrhoea, abdominal 

cramping are usual and some patients suffer fever and lose weight. Diagnosis and 

differential diagnosis between the different forms of IBD are based on clinical 

presentation and endoscopic, histologic, radiologic and laboratory studies. In UC, 

biopsies of colon show diffuse mucosal inflammatory changes, basal 

plasmacytosis, often diffuse cryptitis, crypt abscesses and marked crypt 

irregularities. In Crohn`s disease, mucosal histologic changes similar to UC may 

be focal but marked, but submucosal inflammation and granulomas are typical for 

Crohn`s disease. 

IBD often clusters in families, with first-degree relatives having a 4- to 20-

fold higher risk of developing the disease. Both genetic and environmental factors 

seem to contribute to the incidence and prevalence of IBD. (Baumgart & Carding 

2007.) IBD has been suggested to arise from a disruption of mucosal immune 

homeostasis in genetically susceptible individuals, resulting in altered processing 
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of enteric antigens, and chronic inflammation. GWA studies have identified 

several IBD susceptibility loci which have been renamed as IBD 1–9 respectively 

(Gaya et al. 2006). Mutations of the CARD15/NOD2 have been associated with 

Crohn`s disease, which is also demonstrated in Finnish population (Helio et al. 

2003). A stronger association exists between the genes of HLA region in UC than 

in Crohn`s disease (Cho & Weaver 2007). Cytokines have been implicated in the 

pathogenesis of chronic inflammatory diseases and have a regulatory and 

effector’s role in the mucosal immune and inflammatory response in IBD. The 

studies of cytokine polymorphism in IBD (interpreted in section 2.3.3) have been 

conflicting and a possible connection found is often associated with variations in 

IBD phenotype, the samples studied have been small and the results not 

reproducible in different populations. Polymorphism of IL-23 receptor gene locus 

has been revealed to be associated to susceptibility of Crohn`s disease and the IL-

23 pathway with Th-17 cells expressing IL-23 receptor is suggested to play a 

major role in the pathogenesis of IBD, at least in Crohn`s disease (Cho & Weaver 

2007, Baumgart & Carding 2007).  

Relationship of IBD with MC  

A few cases of MC have been reported to develop into Crohn`s disease or UC 

(Bohr et al. 1996a, Fernandez-Banares et al. 2003, Nyhlin et al. 2006). A family 

history of UC or Crohn`s disease has been previously reported in at least 2–7% of 

patients of LC (Pardi et al. 2002, Olesen et al. 2004a). The relationship of MC 

and IBD is unclear whether these two disorders occur only incidentally 

sometimes in the same individual or whether they share genetic predisposition or 

immunological pathways. 

Patients affected by IBD are often younger than patients with MC in IBD, but 

the onset of IBD may sometimes occur also at older ages. The female 

preponderance found in MC does not exist in IBD. Diarrhoea with relapses and 

remissions is the leading symptom also in MC as in IBD, but bloody diarrhoea is 

not as usual in MC as in IBD. (Baumgart & Sandborn 2007.) The same drugs 

including 5-ASA oral formulations and corticosteroids, especially budesonide, are 

effective in both MC and IBD. The ultimate differential diagnosis is based on the 

findings in endoscopy and histology. Colonoscopic views in UC and Crohn`s 

disease present with distinct abnormalities differing from normal endoscopic view 

or very minor abnormalities in MC (Nikolaus & Schreiber 2007). Histopathology 

reveals occasionally neutrophilic cryptitis or crypt abscesses, surface erosions, 
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Paneth cell metaplasia and even crypt architectural irregularities in MC and be 

confused with IBD, but the degree of architectural irregularity is usually milder in 

MC as compared to IBD (Ayata et al. 2002).  

2.2.3 Irritable bowel syndrome 

IBS is a symptom complex referring to functional bowel disorder diagnosis based 

on a number of the characteristic symptoms in the absence of any detectable 

abnormalities. (Drossman et al. 2002.) The symptoms consist of abdominal 

discomfort associated with altered bowel habits accompanied by changes in stool 

form and frequency, a sensation of incomplete evacuation, bloating, with 

abdominal distension, and the passage of mucus per rectum. In order to specify 

the diagnosis of IBS, symptom-based diagnostic criteria have been elaborated, the 

most recent being the Rome III consensus (Longstreth et al. 2006). IBS is a 

common disorder with a prevalence varying from 3.5 to 25% depending on the 

population and the diagnostic criteria used. According to a Finnish study, the 

prevalence of IBS was 5.1% in Finnish population when Rome II criteria were 

used (Hillila & Farkkila 2004). There is a female preponderance, and the 

prevalence is highest in 20–50 year olds usually decreasing with age (Drossman 

et al. 2002). According to the pattern of bowel habits or stool consistency, IBS 

can be divided into subgroups such as constipation or diarrhoea prominent, mixed 

or unspecified form of IBS (Longstreth et al. 2006). IBS symptoms typically 

fluctuate, and some patients lose the symptoms during follow-up. About 90% of 

patients with IBS suffer also from other somatic symptoms and/or psychiatric 

symptoms (Drossman et al. 2002). 

A careful interview of the patient is the basis of the diagnosis. Additional 

testing depends on the patient’s age, duration, severity and type of symptoms. 

Laboratory tests to exclude anaemia, thyroid dysfunction, lactose intolerance, CD, 

parasitic infection and occult blood in stools are often worthwhile performing. 

(Drossman et al. 2002.) Colonoscopy is often indicated, especially in older 

patients with diarrhoea prominent IBS.  

The pathophysiology of IBS is multifactorial with altered visceral sensitivity, 

altered gastrointestinal motility, psychosocial factors and genetic predisposition 

influencing the symptom generation (Drossman et al. 2002, Longstreth et al. 

2006). Increased cellularity of the colonic mucosa and lamina propria and 

lymphocytic infiltrates of the myenteric plexus have been described in IBS 

patients (Chadwick et al. 2002). Increased levels of proinflammatory cytokines 
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such as TNFα, IL-1β, IL-6 in peripheral blood mononuclear cells have been 

analysed in IBS patients (Liebregts et al. 2007). Studies about the cytokine gene 

polymorphisms including IL-10 and TNFα gene polymorphisms suggest that IBS 

is associated with genetic regulation of cytokine secretion, indicative of a 

proinflammatory state in IBS (Gonsalkorale et al. 2003, van der Veek et al. 2005). 

These studies may be evidence that an abnormal mucosal immune response has a 

role in the pathogenesis of IBS.  

Relationship of IBS with MC 

Diarrhoea prominent IBS and MC share chronic recurring symptoms of altered 

bowel habits, diarrhoea associated with abdominal pain or discomfort, although 

the onset of symptoms of IBS is usually at younger ages than in MC. In a study 

by Limsui et al (2007), up to 56% of patients with MC (73 of 131 patients) met 

Rome II criteria of IBS. In the retrospective study of Kao et al (2009), 17% 

(30/171) patients with CC and 11.4% (43/376) patients with LC had a prior 

diagnosis of IBS. In a recent prospective study, MC was diagnosed in 1.5% of all 

the patients (7/466) and in 2.3% of patients over 45 years of age (4/171) with non-

constipated IBS (Chey et al. 2010). An association with CD has also been 

described in IBS (Leeds et al. 2007).  

The inflammatory changes in colon with increased number of IEL and 

increased cellularity in lamina propria in some of the IBS patients resembles but 

does not fulfil the histological criteria of MC (Chadwick et al. 2002). It has been 

speculated that there is a subset of patients in whom IBS may form a continuum 

with MC, especially LC. 

2.2.4 Gastritis 

Gastritis displays a broad variety histopathological and topographical features and 

types (Sipponen 2001.) After Helicobacter pylori (H. pylori) was discovered in 

1983, the role of this bacterium in the etiology of most cases of chronic gastritis 

became rapidly apparent (Marshall & Warren 1984). Even when H. pylori in 

gastritis has been identified, it must not be assumed that it is the sole etiologic 

factor, it is possible that there are other agents causing damage to gastric mucosa, 

i.e. drugs, alcohol, dietary factors and infectious agents. (Dixon et al. 1996.) 

Gastritis diagnosis is mostly based on histological findings, and pathologists 

emphasize the importance of combining topographical, morphological and 
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etiological information into the classification of types of gastritis since in this way, 

one can generate clinically useful diagnosis. Gastritides are divided into three 

main categories: acute, chronic, and special forms; chronic gastritis is further 

separated in subcategories according to the presence or absence and distribution 

of atrophy. The revised Sydney system is recommended in the classification and 

grading of gastritis (Dixon et al. 1996). 

The morphological variables in chronic gastritis 

Important information in grading the gastritis is whether H. pylori is present. 

(Sipponen 2001.) The activity of chronic gastritis is characterised by the presence 

of neutrophil polymorphs in a background of chronic inflammation, those being 

in the lamina propria, within the epithelium and within the foveolar lumen. 

Neutrophil activity is an almost universal phenomenon in H. pylori gastritis. 

A few mononuclear leukocytes i.e. lymphocytes, plasma cells and 

macrophages are always present in the lamina propria of gastric mucosa, normally 

at maximum from 2 to 5 cells per one high power (×40 objective) microscopic 

field. (Dixon et al. 1996.) Any increase in the numbers of mononuclear cells in 

the lamina propria is indicative of chronic gastritis. IELs may occasionally be 

detected in up to 5 per 100 epithelial nuclei. Lymphoid follicles (lymphoid 

aggregates with germinal centres) are characteristic of chronic H. pylori gastritis 

and can be considered as a hallmark diagnosis. 

Atrophy of the gastric mucosa is defined as a loss of glandular tissue, which 

leads to thinning of the mucosa. (Sipponen 2001.) Atrophy in the oxyntic mucosa 

causes loss of acid secretion and to the development of intestinal or pyloric 

metaplasia. Atrophy and intestinal metaplasia can be either diffuse or multifocal. 

The pattern of inflammation and atrophy may be an indicator of its etiology 

(Dixon et al. 1996).  

Foveolar hyperplasia, which may be seen in all forms of gastritis, the 

foveolae are increased in length and tortuosity. (Dixon et al. 1996.) This may 

develop either as a compensatory response to increased cell exfoliation from the 

surface or as a response to stimulation by cytokines or other inflammatory 

mediators.  
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H. pylori gastritis 

The prevalence of H. pylori infection varies depending on the age of the subject, 

the socioeconomic status, the method used, the geographical region and the 

ethnicity and it is decreasing in developed countries such as in Finland. The 

reported seroprevalence rates have declined from 56 to 31% from 1973 to 1994 in 

15–74 year old individuals studied in the Vammala region in Finland (Kosunen et 

al. 1997). The seroprevalence rates varied according to age from 7.3% in 15 year 

olds up to 68.1% in 75-year-old subjects in a 1994 patient cohort. In a study of 

561 outpatients undergoing gastroscopy in 1994–2002 in the same region, H. 

pylori was detected in 32.3% of patients, the frequency of infection ranging 

according to age from 13.4% to 41.5% (Salomaa-Rasanen et al. 2004). In this 

study patients with H. pylori eradication treatment were excluded, but the 

possible treatment of H. pylori gastritis with antimicrobials had decreased the 

prevalence rates further, but population studies in Finland at present are lacking.  

H. pylori gastritis is usually prominent in the antral mucosa. (Sipponen 2001.) 

Clinical outcomes of H. pylori gastritis range from simple asymptomatic gastritis 

to some more serious conditions since it has been associated with atrophic 

gastritis, gastric erosions, duodenal and gastric ulcer disease, gastric carcinoma 

and in gastric lymphoma emerging from the mucosa-associated lymphoid tissue 

lymphoma. (Dixon et al. 1996, Toljamo et al. 2005.) Antrum predominate H. 

pylori gastritis is associated with a peptic ulcer risk and gastric erosion risk 

whereas body predominant carries a low peptic ulcer risk. Multifocal or body 

predominant atrophy of H. pylori gastritis is associated with the risk of gastric 

cancer. The severity and distribution of H. pylori gastritis the host genetic factors 

in influencing the disease risk and H. pylori strain affect whether the H. pylori 

gastritis remains as simple asymptomatic gastritis or progresses to more serious 

conditions. 

Other forms of gastritis 

Focal gastritis (FG) is an idiopathic form of chronic gastritis affecting antral 

mucosa when H. pylori is not present. (Dixon et al. 1996.) The characteristic 

appearance of FG is a focal, patchy inflammation with polymorphonuclear, 

eosinophilic and mononuclear cells destroying parts of the crypts. FG is known to 

associate with IBD (Halme et al. 1996a, Sharif et al. 2002, Kundhal et al. 2003, 
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Danelius et al. 2009.) In Crohn`s disease, the prevalence rates of FG vary 34%-

65%, in UC, the prevalence is lower 8–21%.  

Lymphocytic gastritis (LG) is a chronic inflammatory process of gastric 

mucosa with unknown etiology and clinical significance. (Dixon et al. 1996.) LG 

is characterised by a marked increase in the number of lymphocytes, mainly T-

lymphocytes, in the surface and foveolar epithelium of the gastric mucosa, the 

diagnostic threshold used for LG being greater than 25 IELs per 100 cells. The 

increased number of IEL is sometimes associated with marked chronic 

inflammatory cell infiltration of the lamina propria. The histological features of 

LG are more often detected in the gastric body mucosa. In follow–up studies, 

inflammatory changes in LG seem to be persistent and progressive. (Niemela et al. 

1995, Hayat et al. 1999a.) The endoscopic appearance in LG may be normal, but 

gastric erosions, hypertrophic gastropathy or varioliform gastritis have also been 

described. The reported prevalence of LG has varied from 0.83% to 2.5% in 

unselected gastric biopsy material, in 4.5% of patients with chronic active 

gastritis, 0.83–9% in patients with dyspepsia, and at 3.7% in children and 

adolescents. LG is more common among females and the mean age of LG is 45–

49 years (Hayat et al. 1999b). 

H. pylori infection has been detected histologically or serologically in  

40–100% of cases with LG. (Niemela et al. 1995, Hayat et al. 1999a.) Though in 

LG, the characteristic corpus predominating gastritis may eventually lead to the 

disappearance of H. pylori in the gastric mucosa, serologic testing may well be 

more sensitive in detecting H. pylori infection. H. pylori eradication has been 

shown to lead to a significant improvement in the mucosal changes present in LG. 

An association has been reported between CD and LG (Karttunen & Niemela 

1990). The probability of LG seems to be higher in patients with untreated (6–

61%) or refractory disease (33–64%) as compared to patients responding to a 

GFD (0–30%) (Wu & Hamilton 1999, Diamanti et al. 1999, Verkarre et al. 2003). 

Patients with both LC and CD have also been reported to suffer from LG 

(Verkarre et al. 2003). 

Granulomas may be detected as a reaction to other endogenous or foreign 

materials, but so called granulomatous gastritis may be an isolated finding or a 

mark of various granulomatous diseases such as Crohn`s disease, sarcoidosis or 

tuberculosis (Dixon et al. 1996). Collagenous gastritis and collagenous gastro-

duodenitis are rare disorders characterized by a deposition of a collagen band 

beneath the surface epithelium of gastric mucosa, in the latter case in duodenum, 

and they are often associated with MC, CD and LG (Leung et al. 2009)  
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2.3 Immunologic aspects of intestinal inflammation 

2.3.1 Gut related immunology 

The intestinal microbiota refers to the set of micro-organisms inhabiting the gut. 

The microbiome is acquired at birth, changes rapidly in infancy but remains 

rather stable in adulthood though fluctuations occur due environmental factors 

and diseases. (Baumgart & Carding 2007, Abraham & Cho 2009.) Close contact 

with high concentrations of luminal bacteria consisting of more than 500 species 

is a unique feature of the intestinal immune system and it is crucial for the 

development of normal mucosal immune function and oral tolerance. 

The intestinal epithelium forms the interface between the intestinal 

microbiome and the mucosal lymphoid tissue and serves as a physical barrier 

against the entry of microbes and other antigens from the intestinal lumen into the 

circulation. (Abraham & Cho 2009.) The mucosal barrier is composed of 

enterocytes, goblet and Paneth cells, all with intercellular junctions sealing the 

paracellular space. Intact mucosal barrier with mucus produced by goblet cells 

and antimicrobial peptides secreted by epithelial cells and Paneth cells are parts of 

the defence to combat against microbial invasion. A large part of mucosal 

lymphoid tissue is in the gut, and most of the antibodies in human system are 

produced in the intestine. The mechanism that establishes and maintains oral 

tolerance with immunological non-responsiveness to the microbiota and food-

derived antigens involves complex and close collaboration between anatomical, 

cellular and humoral factors (Baumgart & Carding 2007).  

Under normal conditions, the intestinal mucosa is in a state of controlled 

inflammation regulated by the balance of proinflammatory and anti-inflammatory 

cytokines (Baumgart & Carding 2007). The innate immunity is the first line non-

specific inborn defence against pathogens and is provided by the epithelial cells, 

macrophages, dendritic cell, natural killer cells, neutrophils and the complement 

system. (Abraham & Cho 2009.) Without prior immune learning after detecting a 

pathogen, innate immunity responds rapidly by recruiting immune cells, 

activating the complement system, identifying and removing foreign substances 

and stimulating the adaptive immune system. The adaptive immune system helps 

clear the infection and builds specific immunity with a memory component. 

Activation of the adaptive response occurs through cytokine secretion, antigenic 

processing and presentation and differentiation of effector cells (Hornef et al. 

2002). T– and B-cells are the main cells in the adaptive immune system. B-cells 
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are antibody producers, while T cells are divided into cytotoxic T cells which 

possess the cell-surface molecule CD8 and Th cells which have CD4 on their 

surface. Activated cytotoxic T-cells can produce interferon (IFN)- γ and kill their 

effector cells by apoptosis. Th cells regulate the specific immune response and are 

classified on the basis of function as well as according to their ability to elaborate 

specific cytokines. Th1 cells induce the cell to mediate immune responses through 

cytokines such as IL-2, IL-12, IFN γ and TNFβ. Th2 cells mediates humoral 

responses and produces cytokines as IL-4, IL-5, IL-6, IL-10 and IL-13. IFNγ 

suppresses the development of Th2, whereas IL-4, IL-10 and IL-13 inhibit Th1 

responses. (Brand 2009.) Proinflammatory cytokines activate macrophages and 

induce those cells to secrete large amounts of cytokines such as TNFα, IL-1 and 

IL-6. Regulatory T cells and Th17 cells producing IL-17 and other cytokines such 

as IL-6, IL-21, IL-22 and TNFα, are a novel subset of CD4+T cells which partly 

explains discrepancies in the classic Th1/Th2 model. These cells play a major role 

in autoimmunity and tolerance toward intestinal antigens and Th17 cells which 

possess IL-23 receptor as well as IL-23 play a major role in the inflammation of 

gut. Similar to Th2 cells, Th1 cells negatively crossregulate the differentiation of 

Th17 cells, and proinflammatory cytokines such as IL-1, IL-6 induce the 

differentiation of Th17 cells (Brand 2009). During active inflammation, effector 

T-cells predominate over regulatory T-cells. A defect in mucosal barrier for 

different causes or abnormalities in innate and adaptive immune responses to the 

indigenous flora and other luminal antigens may lead to abnormal mucosal 

inflammation in the gastrointestinal tract (Baumgart & Carding, Abraham & Cho 

2009). 

2.3.2 Genetic variation behind the immune responses 

There is an extensive natural occurring inter-individual variation in DNA 

sequences with the presence of tens of thousands of genes with three billion of 

DNA base-pairs in human genome and approximately ten million positions in 

their genetic code are polymorphic at a significant frequency. (Rotimi et al. 2007.) 

Inheritance of susceptibility to many diseases is multifactorial, and the strongest 

disease associations are with combination of genes of alleles at multiple loci 

rather than with individual alleles. In addition, because of the linkage equilibrium 

of single nucleotide polymorphisms (SNP), the true disease susceptibility gene 

may be difficult to identify. Specific polymorphisms in cytokine genes and HLA 

genes are known to modulate the immune response and thus the inflammatory 
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response (Cho & Weaver 2007). In general, the combination of genes and 

environmental factors may predispose an individual to a certain disease, protect 

against disease or be neutral depending on the context of the interaction (Martinez 

2007). Diseases with a polygenic pattern of heredity may be manifested when a 

threshold of susceptibility burden is overwhelmed by an accumulation of risk 

factors. 

Genetic variation related to susceptibility to complex disease is generally 

investigated by association studies-method, using population-based or case-

control subjects in comparison with the patients (Burgner et al. 2006.) One 

common method is to use the candidate gene approach. This means that one select 

certain genes as the study object. Recently genetic susceptibility studies have 

started using a GWA approach where several million SNPs throughout the whole 

genome are examined with modern techniques (Xavier & Rioux 2008, Dubois et 

al. 2010). 

2.3.3 Cytokines and cytokine gene polymorphisms 

Cytokines are biologically active molecules secreted by one cell to alter the 

behaviour of itself or another cell. (Bidwell et al. 1999.) Cytokines act on their 

target cells by binding to specific receptors, initiating signal transduction and 

triggering second messenger pathways resulting in phenotypic changes in the cell 

via altered gene regulation. The cytokines take part in a highly complex 

coordinated network in which they induce or repress their own synthesis as well 

as that of other cytokines and cytokine receptors. The inflammatory reaction in 

infectious and autoimmune diseases is regulated by the fine balance between the 

pro- and anti-inflammatory cytokines. (Howell et al. 2002.) A proinflammatory 

cytokine will be induced during the course of an inflammatory response and will 

be associated with its onset and/or progression. Functionally IL-1, IL-6 and TNFα 

are classified as proinflammatory cytokines, whereas IL-1-receptor antagonist 

(IL-1RA) and IL-10 molecules function as anti-inflammatory cytokines. 

There is significant evidence to indicate that an individual´s inflammatory 

response can be modulated by specific polymorphisms in the promoter regions of 

many cytokine genes, which may influence the level or expression of these genes 

and thus influence cytokine production. (Bidwell et al. 1999.) There are several 

different types of polymorphisms in the genome including SNPs, deletions, 

insertions and repeat polymorphism. In the cytokine genes, SNPs are the most 

common form of polymorphisms, and they represent nucleotide replacement by 
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one of the four others bases - adenine (A), thymine (T), cytosine (C), guanine (G). 

(Wilson et al. 1992, Kinane & Hart 2003.) SNPs can modify cytokine production 

and in this way polymorphism may expose an individual to certain diseases, lead 

to variations in phenotypic expression and influence the disease course. In many 

diseases, there does not appear to be any clear-cut correlation between alleles or 

genotypes that are associated with higher pro-inflammatory cytokine levels and 

disease occurrence. The disconcordances of associations of gene polymorphism to 

certain diseases in different studies may be attributable to differences in the 

ethnicities of populations, patient and control cohort selection or small sample 

size, disease classification or status or method of statistical analysis (Burgner et al. 

2006). 

TNFα and gene polymorphism  

TNFα is a proinflammatory cytokine produced by activated monocytes, 

macrophages and T cells. (Papadakis & Targan 2000.) It has an important role in 

the initiation, regulation and perpetuation of the inflammatory response in host 

defence, but inappropriately high TNFα production has been associated with 

several pathological conditions. In the treatment of IBD, the positive effects of 

anti-TNFα- monoclonal antibodies support the assumption that TNFα is important 

in the pathogenesis of IBD (Baumgart & Sandborn 2007). 

The TNFα gene is located within the class III region of the major 

histocompatibility complex (MHC) on chromosome 6 (6p21) between the HLA 

class II and class I loci and it is in strong linkage disequilibrium with the HLA-B8 

and DR3 alleles (Price et al. 1999). One of the polymorphisms identified in the 

promoter region of TNFα gene is a SNP at position -308, which involves the 

substitution of guanine by adenine (G→A) in the uncommon allele TNFA, also 

called TNF2 (Wilson et al. 1992). The presence of TNF2 is usually correlated 

with enhanced TNF production (Wilson et al. 1997). Polymorphisms in TNF 

genes have been associated with susceptibility to several autoimmune diseases, 

such as juvenile rheumatoid arthritis (Ozen et al. 2002), systemic lupus 

erythematosus (SLE) (Wilson et al. 1994), dermatitis herpetiformis (DH) (Messer 

et al. 1994) and CD (McManus et al. 1996). Most studies have concluded that the 

association between TNF2 and autoimmune disease may be explained by linkage 

to an extended HLA-B8-DR3 haplotype. In CD, the presence of the TNF2 allele 

could also independently be associated with an increased risk for CD (Polvi et al. 

1998, Garrote et al. 2002, Woolley et al. 2005). The significance of TNFα-
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polymorphisms in the risk of IBD is controversial, most of them indicating a 

tendency towards lower or to the same carriage rate for TNF2 allele as seen in 

controls (Koss et al. 2000,Vatay et al. 2003, Balding et al. 2004). Patients with 

IBS have displayed significantly higher baseline TNFα levels, and also TNF2 has 

been found more frequently in these subjects than in controls (O'Mahony et al. 

2005, Liebregts et al. 2007)  

IL-6 and gene polymorphism 

Since IL-6 has both pro- and anti-inflammatory functions, it has a range of 

pleiotropic activities, involved in the regulation of the acute phase response 

controlling local or systemic acute inflammatory response and the stimulation of 

T cells and B cells, their growth and differentiation. (Hirano 1992.) IL-6 is 

produced by various types of cells including T and B cells, monocytes and 

fibroblasts. IL-6 synthesis and release are stimulated by IL-1β and TNFα, but IL-

6 remains substantially longer in the plasma, thus serving as a good marker of 

inflammation (Song & Kellum 2005). 

IL-6 reflects of the activation of the inflammatory processes in many 

autoimmune diseases and in acute and in chronic inflammatory states. High serum 

levels of IL-6 have been measured in periodontal disease (Raunio et al. 2007), in 

primary Sjögren´s syndrome (Hulkkonen et al. 2001b), in rheumatoid arthritis 

(RA) (Pawlik et al. 2005) and in Crohn`s disease both in serum and in the mucosa 

of inflamed intestine (Gross et al. 1992). 

IL-6 gene is situated on chromosome 7 (7p21) and several SNPs at different 

sites in the IL-6 gene have been described, which are relevant to regulate the final 

cytokine levels. The most widely studied of these is a SNP situated at position -

174 which is caused by a G to C transition (Fishman et al. 1998). Most of the 

studies indicate that the allele G may partly determine the level of IL-6 in basal 

and stimulated conditions but effects of this SNP on IL-6 expression may depend 

on the specific cell or tissue type and stimulus involved (Fishman et al. 1998, 

Hulkkonen et al. 2001b, Raunio et al. 2007). IL-6-174 polymorphism is 

associated with susceptibility and outcome of several acute and chronic diseases 

and inflammatory states. The IL-6-174-GG-genotype is associated with severe 

chronic periodontal disease (Raunio et al. 2007) and the IL-6-174-G allele has 

been associated to systemic-onset juvenile RA (Fishman et al. 1998) and to RA 

(Marinou et al. 2007). On the other hand, the IL-6-174-GG-genotype may also 

confer beneficial effects by protecting against atherosclerosis (Hulkkonen et al. 
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2009) and improving survival in cases of sepsis (Schluter et al. 2002). In CD, one 

study has been published into the association of IL-6-G allele in DQ2 negative 

patients with CD (Garrote et al. 2005), but no such an association was observed in 

Finnish material (Woolley et al. 2005). The studies into IBD have detected no 

significant differences in IL-6-polymorphisms between patients and healthy 

subjects (Klein et al. 2001, Balding et al. 2004). 

Interleukin-1 family and their gene polymorphisms 

IL-1 is produced by monocytes and macrophages, being stimulated by many 

proinflammatory cytokines such as TNFα, IFNα, IFNβ and IL-1β, and inhibited 

by anti-inflammatory cytokines such as IL-4 and IL-10 (Barksby et al. 2007). The 

IL-1 gene complex codes for three proteins, IL-1α, IL-1β and IL-1RA, of which 

the first two are strong inducers of inflammation, while IL-1RA is an anti-

inflammatory cytokine and a physiologically effective antagonist to the other IL-1 

cytokines. (Dinarello 1996). IL-1β binds to cell surface receptors and activates B 

– and T-cell functions, regulates fever reaction, and participates in the initiation of 

the synthesis of acute-phase protein. 

IL-1RA is produced in macrophages, monocytes and neutrophils in response 

to the same stimulus as IL-1. (Dinarello 1996.) It binds to the IL-1 receptors with 

high affinity without activating the cell, thus inhibiting the IL-1 activity. The 

balance between IL-1 and IL-1RA seems to be important in the normal 

physiology of various organs and tissues and in the regulation of inflammatory 

responses. In several diseases, IL-1RA levels are elevated and it seems plausible 

that IL-1RA serves as a natural compensating mechanism for the IL-1 induced by 

the disease process and thus an imbalance between IL-1 and IL-1RA can lead to 

exaggerated chronic inflammation and may have an effect on the pathogenesis of 

many inflammatory diseases such as RA, kidney diseases, diabetes, leukaemia, 

graft-versus-host disease and arterial diseases (Arend & Guthridge 2000). Both 

evidence from animal models and studies in diseased tissues have emphasized to 

the importance of IL-1RA in IBD and it has been claimed that an imbalance in the 

IL-1RA/IL-1 ratio in the mucosa of colon may contribute to the chronic 

inflammative response (Mansfield et al. 1994, Carter et al. 2004). 

IL-1 genes are arranged in a cluster on the long arm of chromosome 2 (2q13). 

In the IL-1 β gene, several polymorphisms have been reported: one of them is a 

SNP at position -511 (Di Giovine et al. 1992) and another one at position +3953 

at the 5th exon site (Pociot et al. 1992). Both of these SNPs are caused by C to T 
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transitions, called also allele 2. In intron 2 of the IL-1RA gene, there are variable 

numbers of an 86 bp repeat sequence; the most common allele 1 contains four 

repeats but allele 2 contains two repeats (IL-1RA-2) (Tarlow et al. 1993). In 

linkage studies, the more rare IL-1 β (-511) allele T is associated with the 

presence of IL-1RA allele 2, while in case of IL-1 β (+3953) it associates with C 

allele. (Hurme & Santtila 1998).  

Polymorphisms of the IL-1 gene cluster, inducing an imbalance between IL-1 

and IL-1RA, have been associated with both susceptibility to and severity of a 

number of chronic inflammatory and autoimmune conditions (Hurme et al. 1998, 

Arend & Guthridge 2000). In normal healthy individuals, but apparently in many 

diseases and infections, the plasma IL-1RA levels are influenced by alleles of 

both the IL-1RA and IL-1β genes (Hurme & Santtila 1998). The IL-1 gene family 

has been extensively studied in IBD, including the relationship between gene 

polymorphisms, and both disease susceptibility and disease progression, but the 

results have been conflicting. Accordingly, the IL-1RA-allele 2 has been 

connected to UC but studies examining the allelic distribution of IL-1β-511, -

3953-polymorphism have produced controversial results in UC and Crohn’s 

disease (Mansfield et al. 1994, Nemetz et al. 1999, Carter et al. 2004). 

IL-10 and gene polymorphism  

IL-10 is an anti-inflammatory multifunctional cytokine produced by Th2 cells, B 

cells, monocytes and keratinocytes. (Moore et al. 2001.) It has an important role 

in the regulation of immune responses and affects many cell types. IL-10 inhibits 

activation, proliferation and cytokine production of T cells responding to antigens 

and IFN-γ production by natural killer cells. IL-10 downregulates HLA II 

expression and antigen presentation of special cells. Additionally IL-10 is a potent 

inhibitor of the production proinflammatory cytokines through its action on 

monocyte or macrophage (IL-1β, IL-8, IL-6, IL-12, TNFα,) and Th1 cells (IL2, 

IFNδ). IL-10 also promotes B cell activation and differentiation and induces 

immunoglobulin synthesis and autoantibody production. This cytokine has been 

studied in infections, systemic inflammations and autoimmune diseases (Hurme et 

al. 1998).  

The gene encoding IL-10 is located on chromosome 1q31-32. (Turner et al. 

1997.) It is a relatively highly polymorphic gene and its promoter contains 

various SNPs and varying numbers of dinucleotide repeats (microsatellites) in its 

proximal and distal regions. Three SNPs have been described in the proximal part 
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of this gene at positions -1082 (A/G), -819 (T/C) and -592 (A/C). Four haplotypes 

have been described in the Caucasian population (GCC, ACC, ATA, and GTA). It 

has been postulated that the A-allele at the site -1082 is associated with low and 

the G-allele with high production of IL-10. However, when studying haplotypes, 

there was no concordance about which haplotype associated with elevated plasma 

IL-10 levels (Hulkkonen et al. 2001a, Kilpinen et al. 2002).  

The allelic variation in the IL-10 promoter region has been associated with a 

variety of diseases in which immune dysregulation contributes to the pathogenesis. 

Polymorphisms in the IL-10-1082 gene have been associated with some 

inflammatory conditions including RA (Hajeer et al. 1998), SLE (Lazarus et al. 

1997) and Sjögren´s syndrome (Hulkkonen et al. 2001a). The results of studies on 

IL-10 gene polymorphism in CD and IBD have been controversial (Tagore et al. 

1999). There is some evidence for IL-10 gene polymorphism in IBS 

(Gonsalkorale et al. 2003). 

CD14 and gene polymorphism 

CD14 protein is present as a receptor on the surface of monocytes/macrophages, 

and neutrophils (membrane CD14) as well as in a soluble form. (Bas et al. 2004.) 

It is a receptor to bacterial lipopolysaccharide, peptidoglycan and other bacterial 

molecules, and it mediates monocyte/macrophage function, modulates 

lipopolysaccharide-triggered apoptosis, and regulates T- and B-lymphocyte 

activation and function (Wright et al. 1990). Thus, CD14 is an important innate 

immunity receptor, which participates in initiating the innate immune responses. 

In addition to its proinflammatory action, CD14 may also control the activation of 

the immune system by acting as a downregulatory molecule (Bas et al. 2004, 

Kitchens & Thompson 2005). CD14 has also an important role in the recognition 

and clearance of apoptotic cells by macrophages and may interact directly with T 

and B cells and thus modulate cellular and humoral immune responses i.e. it can 

possess a role in directing adaptive immunity reactions (Arias et al. 2000). 

Soluble CD14 is an acute phase protein and its levels are elevated in many 

systemic inflammatory, immunological and infectious diseases (Bas et al. 2004). 

The CD14 gene is located within a cytokine gene cluster in the chromosomal 

region 5q31. A SNP in the promoter of the CD14 gene (T/C at position -159 or -

260, which refer to the same polymorphism the discrepancy being due to a 

difference in the numbering system) has been described (Hubacek et al. 1999, 

Baldini et al. 1999.) Carriage of the T allele is associated with higher activation of 
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the immune response to lipopolysaccharides, and individuals who carry the TT-

genotype seem to be higher producers of the soluble form of CD14 and they have 

been observed to express a higher density or membrane-bound CD14 receptors on 

their monocytes. The CD14 T-containing phenotype is associated with 

inflammatory and systemic states such as chronic periodontitis, UC and Crohn`s 

disease (Obana et al. 2002, Klein et al. 2002, Tervonen et al. 2007).  

2.3.4 Major histocompatibility complex genes and human leukocyte 
antigens 

MHC gene complex encodes HLA molecules. They are membrane-bound 

glycoproteins expressed as a heterodimer of α and β chains. (Beck & Trowsdale 

2000.) The HLA molecules function to present processed antigenic peptide to T-

cell receptor molecules expressed on the surface of T-cells. HLA class I molecules 

include the A, B and C series of molecules and are expressed on the surface of 

most of the cells and they are recognized by CD8+ T-cells, the majority of which 

have a cytotoxic phenotype. The HLA class II encompass the DR, DQ and DP 

series of molecules and genes of class II A and B loci encode the α and β chains, 

respectively. Class II molecules are expressed on the surface of specialized 

antigen-presenting cells, and present processed antigens to CD4+ T-cells, which 

are mainly of the helper phenotype. The class III region contains genes encoding 

some complement factors (C2, C4, and Bf), steroid 20-hydroxylase (CYP21), 

heat shock protein 70, and TNFα and β. The MHC genes on chromosome 6p21.3 

are the most polymorphic genes found in the human genome, with multiple 

polymorphic sites within a single gene, with clusters of hypervariable sequence 

motifs resulting in multiple expressed alleles. (Howell et al. 2002.) This means 

that there is a huge genetic polymorphism in the HLA-genes modulating the 

immune response to multiple antigens, and it also means that there are major 

inter-individual differences in immune responses. Since the genes in HLA 

molecule are situated closely, they are often inherited linked together as certain 

allele combinations without recombination and thus some genes occur more often 

together on haplotypes than would be expected according to their gene 

frequencies. This phenomenon is named linkage disequilibrium. (Beck & 

Trowsdale 2000.) The strong linkage disequilibrium makes difficult to determine 

whether a particular gene is involved directly in disease susceptibility or whether 

it reflects the effect of linked genes. One example of the strong linkage 

disequilibrium is the extended ancestral haplotype HLA-8.1. including HLA class 
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I molecules HLA-A1, -B8 and DR-3 (HLA-A1, Cw7, B8, TNF AB*a2b3, 

TNFN*S, C2*C, Bf*s, C4A*Q0, C4B*1, DRB1*0301, DRB3*0101, 

DQA1*0501,DQB1*0201) (Price et al. 1999). 

Particular HLA polymorphisms have been linked to susceptibility to a large 

number of immunologically-mediated diseases, including skin, gut, endocrine and 

joint diseases. HLA class II expression is often observed in inflammatory and 

autoimmune diseases. The HLA-association linked to CD is well known, 90–95% 

of all CD patients possess the HLA-DR3 or -DR5/7 combination-associated DQ2 

molecule encoded by DQA1*0501 and DQB1*02 alleles, with most of the other 

patients having HLA-DR4-DQ8 (encoded by DQA1*03 and DQB1*0302) (Karell 

et al. 2003). In IBD studies, associations have repeatedly been found between the 

HLA-DRB1*1502 related haplotype and UC and the HLA-DRB1*0103 related 

haplotype and UC and colonic Crohn`s disease (Cho & Weaver 2007). In addition 

in Crohn`s disease, positive associations have been observed with HLA 

DRB3*0301-DRB1*1302 and HLA-DR1-DQw5 and HLA-DRB1*07 haplotypes 

and a negative association with HLA-DRB1*03 (Hirv et al. 1999). 
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3 Purpose of the present study 

The clinical aspects of microscopic colitis and the characteristics of upper 

gastrointestinal endoscopical and histological abnormalities were investigated and 

specific immunogenetical aspects determined in MC. The relationship of MC 

with CD was investigated.  

The specific aims of the study are as follows: 

1. To characterize the essential clinical features of MC and its subtypes CC and 

LC the following aspects of these conditions were investigated: symptoms, 

disease course, associations to other chronic illnesses, occurrence of 

autoimmune diseases, and association with the use of drugs (I). 

2. To explore endoscopical and histological findings of MC and its subtypes the 

data of endoscopy (both colonoscopy and gastroscopy) was collected, the 

histology of colon mucosa was re-evaluated to ensure the diagnosis of MC, 

and also the histology of ileal, gastric and duodenal mucosa was studied and 

reviewed (I, II). An attempt was made to study how widespread the 

inflammation in gastrointestinal channel would be in MC and if there was any 

characteristic pattern to the gastroduodenal abnormalities in MC.  

3. The occurrence of HLA –DQ2-hapolotypes associated to CD in MC was 

examined and polymorphisms in TNF-α, IL-6, IL-1 β, IL-1RA, IL-10, and 

CD14 genes in MC were determined to define the specified immunologic and 

genetic background of MC (III, IV).  
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4 Subjects and methods 

4.1 Study subjects 

4.1.1 Patients 

The flowchart of the patients is seen in Figure 3. Patients were identified by 

searching through the files of the Department of Pathology at Oulu University 

Hospital for all the patients with a diagnosis of MC, CC or LC in the years 1990 – 

1996. Twentyone patients of the 48 patients with MC were excluded because they 

were old, in poor general condition, declined, or could not be contacted, but a 

further 23 patients with MC were found by searching the pathological databases 

of Oulu Health Center and Raahe Regional Hospital. Five additional patients of 

the retrospectively studied group were excluded because the diagnosis of MC 

could not be confirmed in a review of the specimens. A total of 39 patients with 

new diagnosis of MC in the years 1997–1999 were collected prospectively and 

included in the study. The patients were contacted by telephone and an informed 

consent letter was sent to them before their inclusion in the study. The patients 

who agreed to participate in the study were interviewed by the author. Thus, 84 

patients, 54 with LC and 30 with CC, were included and served as the basic 

patient group, which was included as a whole in study I. The retrospective series 

was composed of 45 patients (24 LC, 21 CC) and the prospective series of 39 

patients (30 LC, 9 CC). The number of patients included in the other studies 

varied depending on whether the blood or histology samples were available 

(Table 7).  
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Table 7. Number of patients and controls participating in Studies I-IV. Male female ratio 

marked in parenthesis 

Group Study I Study II Study III Study IV 

Microscopic colitis 84 (18:66) 75 (15:60) 80 (16:64) 81 (16:65) 

Collagenous colitis 30 (10:20) 27 (8:19) 29 (9:20) 29 (9:20) 

Lymphocytic colitis 54 (8:46) 48 (7:41) 51 (7:44) 52 (7:45) 

Controls 84 (18:66) 60 (13:47) Group 1: 3627  

Group 2: 178 (56:122) 

178 (56:122) 

4.1.2 Controls 

Control groups included in different studies are described in Table 7. For clinical 

studies, a control group of 84 subjects was prospectively collected at Oulu 

University Hospital, Kainuu Central Hospital and Oulu Health Center Hospital, 

aiming to obtain an age- and sex-matched series. All the control patients had 

endoscopically normal mucosa, with the exception of benign polyps in 36 

subjects, and showed no inflammatory conditions or malignancies in large bowel 

biopsy specimens. This group served as a control group in study I. Histological 

samples from gastroduodenal mucosa were available from 60 of 84 controls, and 

they served as a control group in study II.  

The control group for HLA-DQ analysis in study III (group 1) consisted of a 

series of 3654 schoolchildren (male 1826, female 1828; median age 12 years, 

range 7-16 years) from northern parts of Finland, of whom 3527 were tested for 

HLA haplotypes. (Maki et al. 2003.) Biopsy proved prevalence of CD in that 

series was estimated to be 1%. For controls in the cytokine polymorphism studies 

(III, group 2 and IV) a series of university staff and students (N = 178) from the 

northern Finnish population with a mean age 39.4(± 13.4 SD) years was used. 
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Fig. 3. Flowchart of the study patients. 

4.2 Clinical data 

Clinical data were obtained by reviewing the clinical records and interviewing 

patients personally using a structured questionnaire. Age at the time of onset of 

the symptoms and age at the time of histopathological diagnosis, the clinical 

picture of MC with gastrointestinal and general symptoms were registered and the 

48 patients with diagnosis 
of MC

27 patients admitted the 
study

84 patients included the 
study

54 patients with LC and 
30 with CC

39 patients diagnosed at 
study period

23 patients from other 
hospitals

12 patients from Oulu 
Health central

11 patients from Raahe 
hospital

5 patients excluded 
because of a wrong 

diagnosis

21 patients excluded
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long-term course was evaluated from patients in a retrospective manner. 

Diarrhoea, or change in frequency and form of stool consistency, with other 

symptoms such as abdominal distention, flatulence and abdominal pain were 

considered as IBS-like symptoms. Other chronic diseases and regular use of 

medication were inquired. 

4.3 Laboratory data 

The results of blood tests made within 12 months of the date of the diagnosis of 

MC, and additionally, if the patient was still symptomatic at this time point were 

collected. The following results were recorded: haemoglobin concentration, C-

reactive protein (CRP; normal < 11 mg/L), erythrocyte sedimentation rate (ESR; 

normal < 20 mm/h), serum creatinine, potassium, sodium, calcium, albumin 

(normal > 35 g/L), alanine transaminase, alkaline phosphatase, thyroid-

stimulating hormone, and serum concentrations of IgG, IgA, IgM and IgE. The 

results of celiac serology and lactose intolerance test, if performed, were taken 

from the clinical data. The patients with HLA-DR3-DQ2 haplotype who had no 

duodenal biopsies available were further tested for the presence of TTG-

antibodies (significant positive greater than 30 µmol/l). 

Blood samples for DNA and cytokine gene polymorphisms testing were 

available from 81 patients (29 with CC, 52 with LC) the number of samples 

examined varied in different series since there was not sufficient DNA in some 

samples to conduct all of the assays. The methods used for HLA-DR3-DQ2 and 

HLA-DR4-DQ8 typing are described in more detail in study III. The primers and 

methods used for polymorphisms in cytokine-coding genes i.e. TNFα-308, IL-6-

174, IL-1β -511, IL-1β+3953, IL-1RA, IL-10-1082 and CD14-159 are described 

in studies III and IV.  

Serum samples for IL-6 concentration determination were available for 72 

patients (27 with CC, 45 for LC). Serum IL-6 levels were measured with sensitive 

ELISA quantikine HS Immunoassay kits (R&D) Systems GmbH, Wiesbaden-

Nordenstadt, Germany) according to the manufacturer’s instructions. 

4.4 Endoscopy 

The data of diagnostic procedure (colonoscopy or sigmoideoscopy) and 

gastroscopy were collected from the clinical records. If duodenal biopsies had not 

been analyzed previously, gastroscopy with biopsies from antral, gastric body and 
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duodenal biopsies was performed. Gastroscopy had been performed on 82 

patients and 80 controls. 

4.5 Histopathology 

The biopsy specimens were fixed in neutral buffered formalin, embedded in 

paraffin, sectioned at 5 μm and stained with haematoxylin and eosin. All biopsy 

material (diagnostic colonoscopy and gastroscopy) were reviewed blindly without 

clinical information by an experienced pathologist. 

The diagnosis of LC was based on an increased number of IEL (> 20/100 

epithelial cells) the presence of CC on a SCL exceeding 10 μm in thickness, this 

being associated with an increase in the number of inflammatory cells in lamina 

propria. Cases with both an excess of IEL and a SCL were classified as CC.  

Ileal biopsies were assessed for the presence and grading of villous atrophy 

on a four point scale from normal (0, no atrophy) to severe atrophy corresponding 

to flat mucosa (3). The diagnosis of ileal inflammation was based on the presence 

of increased chronic inflammatory cells, with or without neutrophilic leukocytes. 

An increase of IELs was diagnosed if the count of IELs was more than 25 /100 

epithelial cells. 

The histologic classification of gastric and duodenal mucosa is described in 

detail in study II. Histologic samples taken during gastroscopy were available 

from 75 of patients and 60 of controls for re-evaluation. In gastroduodenoscopy, 

70 of patients (93.3%) and 51 of the controls (85%) a complete series of 

histological samples including all three anatomical areas had been taken. CD was 

diagnosed according to the revised ESPGAN diagnostic criteria for CD (Walker-

Smith JA et al. 1990). 

4.6 Statistical analysis 

Results are expressed as percentages, means and standard deviation (SD) when 

appropriate. In addition, median and (interquartile) ranges were used (IV). The 

significances of the differences between the groups were tested by the 

independent samples T-test or by the Mann-Whitney test depending on the type 

and distribution of variables. Chi-Square statistics, and Fisher`s exact test were 

used to assess significant associations between categorical variables. Odds ratios 

and the corresponding 95% confidence intervals were estimated by cross-

tabulation when appropriate (when p value was statistically significant) as a 
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measure of the magnitude of the association (III, IV). Differences were assumed 

as significant at p values of less than 0.05. Adjustment for multiple comparisons 

was made if needed (Rothman 1990, Hochberg & Benjamini 1990) and when 

p < 0.05, adjusted p is marked in parenthesis in studies of cytokine polymorphism 

(III, IV). The effect of confounding factors such as age, gender and body mass 

index on IL-6 concentration was tested by stratified analysis (IV). The statistical 

analysis was performed by using the different versions of SPSS software (v.10.0; 

12.0; 16.0; SPSS Inc, Chicago, Illinois, USA).  
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5 Results 

5.1 Clinical aspects (I) 

The demographic features of 84 patients with MC (54 patients with LC and 30 

with CC) are shown in Table 8. After re-evaluating the histology, the primary 

diagnosis of MC was specified to CC in 5 cases and to LC in 18 patients; in two 

patients the original diagnosis of CC was changed to LC and further more in two 

patients with the original diagnosis of LC was changed to CC. The trend for LC 

dominating in this material was more obvious in patients with a later diagnosis of 

MC. There was a female preponderance in MC, and a trend towards a higher 

female: male ratio in LC compared to CC (p = 0.057). The age distribution at the 

time of the diagnosis among both CC and LC patients seems to peak around the 

6th decade with no differences in the age pattern being between female and male 

patients (Figure 4). Three (10%) of the patients with CC and six (11%) of the 

patients with LC had been diagnosed before the age of 40 years. The age both at 

the onset of the symptoms of MC and at the diagnosis of MC was lower in CD 

patients (onset 42.7; diagnosis 47.9 years) as compared to patients without CD 

(onset 54.3, diagnosis 56.2 years; p = 0.010: p = 0.027)  

The delay from the appearance of symptoms to diagnosis of MC displayed a 

trend to be longer in CC when compared to LC (median 19.5 months vs. 5 

months). Patients with CD had a longer diagnostic delay than other patients (48 

months, range 2–264 vs. 4.5 months, range 0.5–216 months; p = 0.031). The 

diagnostic delay was shorter in the prospective group compared with the 

retrospective group (12 months, range 0.5–264 vs. 4 months, range 1–216, 

p = 0.025). A familial occurrence was seen in two families: two sisters with CC 

and LC and a mother and a daughter both having LC. 

The main indication for primary endoscopy was diarrhoea in 79 of 84 patients 

and other or additional reasons were anaemia, positive faecal blood, abdominal 

pain, changed bowel habits and constipation, haemorrhoids, follow-up of colon 

adenomas or suspicion of diverticular disease (DD). The most common symptom 

was watery diarrhoea associated with nocturnal diarrhoea and incontinence. The 

stool frequency estimated at the time of diagnosis was an average of 4 stools per 

day (median, range 1–30). About two-thirds of the patients had lost weight. The 

body mass index (BMI) of the patients was lower than controls (p = 0.009). About 

80% of patients were estimated to have IBS like symptoms. About three out of 
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four (74%) of patients with a longer history of MC have had chronic intermittent 

disease course, 20% of patients had symptoms continuously and 6% had 

experienced only a single episode. The symptoms and disease course were similar 

in CC and LC. The symptoms were assessed as being relatively mild at the time 

of the study in 80% of patients, with the remainder having severe symptoms, 

although 90% of the patients did have symptoms and about 10% of patients were 

symptomless at the time of the interview. 

Table 8. Clinical characteristics of patients with MC and controls (Study I). 

Group N (%) Female: 

Male 

Mean age (yr) at 

diagnosis ± SD (median) 

¹ 

Mean age (yr) at the 

study± SD (median)  

² 

BMI 

mean ± SD 

Microscopic colitis 84 3.67:1 54.8 ± 13.4 (54) 57.0±12.8 (57) 

 

  24.4 ± 4.6** 

Collagenous colitis 30 (36) 2:1 53 ± 12,7 (50.5) 

 

56.5 ±  12.7 (53.5) 

 

24.0 ± 3.6 

Lymphocytic colitis 54 (64)  5.75:1 55.4 ±  13.2 (56) 

 

57.2 ± 13.0 (58.5) 

 

24.6 ± 5.1 

Patients with CD 15 (18) 14:1 47.9 ± 16.1 (43)* 

 

51.5 ±  16.8 (52) 

 

23.3 ± 2.8 

Patients without CD 69 (82) 3.06:1 56.2 ±  12.0 (56)* 

 

58.3 ± 11.8 (57) 

 

24.4 ± 4.8 

Controls 84 3.67:1 - 57.7 ± 12.5 (58.5) 

 

  26.1 ± 3.9** 

*p=0.027 Age at diagnosis less in MC patients with CD compared with others 

**p=0.009 BMI lower in MC patients compared with controls 

¹ Mean age at diagnosis means the age when MC was diagnosed and the age when colonoscopy for 

controls performed 

² Mean age at the study means the age when patients were included in the study and interviewed and 

when colonoscopy was performed for the most of the controls. The difference between the age at 

colonoscopy of controls and diagnostic colonoscopy for patients was not statistically significant. 
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Fig. 4. Age distribution at the time of the diagnostic colonoscopy in male and female 

patients with MC. 

5.1.1 Associated diseases and the use of medication 

The diseases associated with LC and CC are shown in Table 9. Autoimmune 

conditions were more common in MC than in the controls, and were more 

prevalent in CC as compared to LC. Three (20%) patients with CD had an IgA 

deficiency compared to none of the patients without CD, the difference being 

statistically significant (p = 0.01). Two of the patients with CD had DH (1 with 

CC, 1 with LC). The subjects with LC had more often bronchial asthma than 

patients with CC, but no significant difference was seen as compared to controls. 

Six patients have had at least one malignancy: two had suffered breast cancer, one 

basalioma, one malignant brain tumour and two colon cancers, the other of those 

had had also prostate cancer. The colon cancer had been operated years before the 

diagnosis of MC in one patient, and the diagnosis of MC was made from the 

colon resecate in one patient. In controls, 4 malignancies had been treated: one 
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patient with breast and ovarian cancer, two endometrial cancers, one malignant 

lymphoma, and also one benign rectal carcinoid tumour which had been resected.  

Hypolactasia was diagnosed at almost similar frequencies, around 45%, in 

both MC patients and controls, but lactose-related abdominal symptoms were 

more common in patients than controls (p = 0.004), and tended to be more 

common in patients with CC than with LC (p = 0.06).  

Seven patients with LC had started a new drug shortly before they 

experienced symptoms related to MC (entacapone, ticlodipine, carbamazebine, 

NSAID, low dose of acetylsalicylic acid (ASA), ferrous sulphate, mianserin or 

fluoxetine) as had two patients with CC (NSAID, simvastatin). The temporal 

association of the introduction of a new drug and the onset of symptoms was 

more evident in LC than in CC (13% vs. 6.7%, p = 0.047). The clearest 

association to the beginning of symptoms to the started drug therapy was 

observed in two patients with LC, one of those started ticlodipine and the other 

entacapone.  

There were no differences in the use of regular medication between patients 

and controls (78.5% vs. 64%). In all, 19% of patients with MC and 11% of 

controls were regularly using NSAIDs and accordingly no significant difference 

was found either in the use of NSAIDs or of low dose of ASA (38.1% vs. 33.3%). 

There was a trend that the consumption of antidepressive drugs was more 

common in patients than controls (14.3 vs. 4.8%; p = 0.063). Patients with LC 

used more often asthma drugs compared to patients with CC (20.4% vs. 0; 

p = 0.006) and cortisone inhalators were the most common drugs being used to 

treat asthma (16.7% vs. 0%, p = 0.023). 
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Table 9. Concomitant diseases and conditions with microscopic colitis and in controls. 

Diseases or states Microscopic 

colitis N = 84 

(%) 

Collagenous 

colitis N = 30 

(%) 

Lymphocytic colitis 

N = 54 

(%) 

Controls 

N = 84 

(%) 

P < 0.05 

Celiac disease  15 (17.9)* 6 (20) 9 (16.7) 1 (1.2)* * < 0.001 

Diabetes mellitus ¹ 8 (9.5) 2 (6.7) 6 (11.1) 7 (8.3)  

Thyroid disorders  12 (14.3) 5 (16.7) 7 (13) 7 (8.3)  

Bronchial asthma 16 (19) 2 (6.7)** 14 (25.9)** 19 (22.6) **0.042 

Rheumatic diseases  3 (3.6) 2 (6.8) 1 (1.9) 4 (4.8)  

Fibromyalgia 6 (7.2) 2 (6.7) 4 (7.4) 4 (4.8)  

Arthralgia, 

musculoskeletal pain etc 

37 (44) 9 (30) 28 (51.9) 47 (56)  

Autoimmune disorders³ 31 (36.9)† 16 (53.3)‡ 15 (27.8)‡ 11 (13.1)† †0.001 

‡ 0.033 

Lactose intolerance²  

n = 81 

50/81 (61.7)º 22/29 (76)ºº 28/52 (54)ºº 28/74 

(37.8)º 

º0.004 

ºº0.06 

Pathologic lactose test 

n = 58 

26/58 (44.8) 11/18 (61) 15/40 (38) 16/34 

(47.1) 

 

¹ Adult-onset non insulin-dependent diabetes 

² Either symptoms or a lactose test exhibit intolerance to food containing lactose 

³ Autoimmune states included here were celiac disease, autoimmune thyroid disease (9 in MC, 6 in 

controls), autoimmune hepatitis (1 in MC), pernicious anaemia (3 in MC), ankylosing spondylitis (2 in MC), 

rheumatoid arthritis (6 in MC, 4 in controls), Raynaud’s disease (1 in MC), Sjögren syndrome (1 in both 

MC and controls) and autoimmune haemolytic anaemia (1 in both MC and in controls). 

5.1.2 CD 

The prevalence of CD was significantly higher in MC (18%; 15/84) than in the 

control group (1%; 1/84; p = 0.001). The mean age for CD diagnosis was 44 years 

(median 37.5 years, range 22–76 years). Nine patients had experienced CD for 

several years before the diagnosis of MC and had been on a gluten-free diet when 

MC was diagnosed with a mean length of treatment of 8 ± 3.4 years. Two patients 

had been on a GFD for less than one year. In three patients, CD was diagnosed 

during the next year following the diagnosis of MC. In addition in one patient, 

CD was diagnosed five years after the diagnosis of MC and this patient was not 

included in CD group until studies II-IV, what declares the different number of 

celiac patients in study I (14 patients). Subsequent this patient was found to have 

normal duodenal mucosa but a clearly positive TTG-antibody test during the time 
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that MC was diagnosed. Two patients without duodenal biopsy were also tested 

for TTG-antibodies, with one of them showing a clearly positive test result (66 

µmol/l). These two patients were included as non-celiac patients in study I, but 

they were not included in either subgroups of patients with or without CD in 

further studies II-IV, because the presence or absence of CD could not be assessed 

due to the lack of duodenal histology.  

5.1.3 Clinical laboratory parameters 

The blood tests were within the normal ranges in both CC and LC patients and 

controls. The median time interval from the diagnostic colonoscopy to the 

laboratory tests was 2 months (mean 4, range 0–69 months) for the patients and 

for the controls 0 months (mean 4, range 0–8 months). ESR was more often 

above normal in patients with MC than in controls (16/63, 25.4% vs. 5/72, 6.9%; 

p = 0.004). Elevated CRP values were more often detected in patients with MC 

compared to controls (8/46, 17.4% vs. 2/62, 3.2%; p = 0.017). Hypoalbuminemia 

was more common in patients with MC than in controls (13/58, 22.4% vs. 2/68, 

2.9%; p = 0.002). IgA deficiency was found in three patients with MC all with 

concomitant CD (3.6% vs. 0%; p = 0.01). 

5.2 Endoscopy and histology (I,II) 

5.2.1 Colonoscopy and histology of colon and ileum mucosa (I) 

The diagnostic endoscopy was sigmoideoscopy in 7 patients and colonoscopy in 

76 patients. In one case, the diagnosis of MC was made from the right colon 

resected because of caecal carcinoma. Carcinoma was found by colonoscopy 

performed two weeks before the operation, at that time, biopsies had not been 

taken elsewhere from the colon.  

Minor abnormalities of the mucosal vascular pattern, slight erythema, or 

patchy mild mucosal oedema without any ulcerations or friability were registered 

in 18 (21.7%) cases compared to 0 in controls (p < 0.001). Colonic diverticulosis 

was found more often in controls (39.3%) compared to patients with MC (15.5%; 

p = 0.001).  

About half of the patients with CC (16/30) exhibited a mixed form of MC, 

where both a SCL and IEL infiltration were present. This subgroup did not differ 
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significantly for clinical features of the other patients with CC or LC, and 

comparisons were made between CC (including cases with intraepithelial 

lymphocytosis) and LC. 

Ileum was reached in 70 of patients with MC in diagnostic colonoscopy (28 

of CC, 42 of LC) and in 70 of 80 controls (90% of both groups) and no 

macroscopical lesions were registered. Ileal samples were available for 

revaluation from 56 patients with MC (67%), 21 patients with CC (70%) and 35 

patients with LC (64.8%), and 70 controls (83%). Ileal histologic changes were 

detected in 10 patients with MC and none of controls (17.9% vs. 0; p < 0.001). 

Ileal histology was abnormal in 2 patients with CC and in 8 patients with LC  

(9.5% vs.22.9%; p = NS). Two patients with CC and 4 with LC had mild villous 

atrophy, 1 patient with LC displayed moderate villous atrophy and 3 patients with 

LC had ileitis in the ileum mucosa. Ileal histologic changes were found in 4/11 

(36.4%) of patients with CD, three of them having mild villous atrophy and the 

other had ileitis. 

5.2.2 Gastroscopy and gastric mucosa (II) 

Study II evaluated 75 patients (27 with CC, 48 with LC) and 60 controls, whose 

histologic samples had been obtained by gastroscopy. Gastroscopy has been 

performed within one year of the diagnostic colonoscopy in 82% of MC patients 

and in 88% of controls. The mean age at the time of gastroscopy was 55.6 (± 13.3) 

years in patients and 55.6 (± 12.4) years in controls. The special forms of gastritis 

are described in table 10 and only the gastric histologic findings with significant 

differences in the comparisons are summarized in Table 10. 
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Table 10. Helicobacter pylori frequency and specific forms of gastritis in microscopic 

colitis (MC) 

Type of gastritis Microscopic 

colitis 

 

N (%) 

Collagenous 

 Colitis 

 

N (%) 

Lymphocytic 

colitis 

 

N (%) 

MC with 

celiac 

disease 

N (%) 

MC without 

celiac disease 

 

N (%)  

Controls  

 

 

N (%) 

N (all) 72 25 47 14 58 60 

H. pylori 11 (15.3) 5 (20.0) 6 (12.8) 1 (7.1) 10 (17.2) 17 (28.3) 

Focal antral 

gastritis¹ 

4 (5.6) 2 (8) 2 (4.3) 0 4 (6.9)  4/58 (6.9) 

Lymphocytic 

gastritis² 

4 (5.6) 0 4 (8.5) 3 (21.4) * 1 (1.7) * 6 (10) 

*p = 0.021; Lymphocytic gastritis was more often found in MC patients with CD compared to MC patients 

without CD  

¹ one patient with MC was H. pylori positive, 3 patients with MC and all the controls were H. pylori negative 

²one patient with MC and three controls were H. pylori positive 

Specific forms of gastritis 

Presence of H. pylori infection could be studied in 72 patients and in 60 controls 

(Table 10). The age at the diagnosis of MC was higher in H. pylori positive 

(mean/median ± SD, 63.4/65.5 ± 9.6 years) than in H. pylori negative patients 

(54.4/54.l ± 13.1 years; p = 0.034). H. pylori gastritis (excluding H. pylori 

associated cases of specialgastritides) was present in 14.1% (9/64) of MC and in 

28% (14/50; p = 0.099) of the controls. Focal antral gastritis was detected in four 

patients with MC (Table 10). When H. pylori infection was excluded, the actual 

frequency of FG was still similar to the frequency of FG in controls (4.9 vs. 6.9%; 

p = NS). LG was similarly found in patients with MC and in controls (Table 10). 

All of the MC patients with LG had LC and three had concomitant CD. The 

frequency of LG was clearly elevated in MC patients with CD compared to those 

without CD, and LG was only found in untreated CD (3/5 of MC; 60%). The 

frequency of H. pylori in LG patients was similar in MC and controls (25%, vs. 

50%, p = NS). 

Other endoscopical and histological findings in gastric mucosa 

Endoscopical findings during gastroscopy were normal in 77.3% of patients 

(58/75) and 73.3% of controls (45/60). The overall occurrence of gastric erosions 
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did not differ between MC and controls (10/75 13% vs. 3/60 5%), but among the 

H. pylori positive subjects, patients with MC exhibited more often erosions than 

the controls (5/11 45.5% vs. 1/17 5.9%; p = 0.022). MC patients using NSAIDs 

daily had more often gastric erosions than those not using these drugs (7/29 vs. 

3/46; p = 0.039). No histologic differences in the gastric mucosa were found 

between patients and controls with endoscopic erosions. In the MC group, 

patients with erosions (n = 10) had higher antral glands (341/330 ± 71 vs. 

277/270 ± 63 μm; p = 0.024), higher activity of antral gastritis (0.6/0 ± 0.84 vs. 

0.1/0 ± 0.3; p = 0.01) than those without erosions (n = 65). In the body mucosa, 

MC patients with erosions had higher glands (563/575 ± 46 vs. 460/500 ± 121 μm; 

p = 0.001), but shorter foveolae (144/140 ± 33 vs. 195/150 ± 98 μm; p = 0.007), 

and a lower number of IEL in the mucosa than those without erosions (2.8/2 ± 1.6 

vs. 7.1/3 ± 7.5; p < 0.0001). In the controls, no histological differences were 

detected between subjects with and without erosions. 

Polypoid lesions of stomach were present only in H. pylori negative subjects. 

They were more common in the controls than in the patients with MC  

(9/60 15.0% vs. 2/75 2.7%; p = 0.012). The histology of polypoid lesions found in 

the patients with MC and four of the nine lesions in the controls were interpreted 

as being normal. The remaining five polypoid lesions in the controls were all 

cystic fundic gland polyps. Accordingly, the frequency of fundic gland polyps 

was higher in controls than in patients with MC (8.3% vs. 0%; p = 0.016). The 

presence of fundic gland polyps was not associated with the use of antisecretory 

drugs. 

In gastric antral mucosa, the number of lymphatic follicles was lower in the 

patients with MC than in the controls (Table 11) and the same difference was seen 

in H. pylori positive subjects (1.8/2 ± 0.89 vs. 2.4/3 ± 0.80; p = 0.038). Similarly, 

the severity of gastritis (score of mononuclear cells) in the H. pylori positive 

population was less in the patients than in the controls (1.8/2 ± 0.9 vs. 2.4/3 ± 0.8; 

p = 0.048). Fibrosis of lamina propria was more abundant in patients with MC 

compared to controls (Table 11). 

In the gastric body mucosa, the foveolae were shorter in patients with MC 

than in the controls (Table 11). This difference was also seen in the comparisons 

of H. pylori negative patients and controls (176/150 ± 79 vs. 240/195 ± 134 μm; 

p = 0.012). The difference in foveolar height was not related with the use of 

antisecretory drugs. 
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Table 11. Histological features of the antral and body mucosa in microscopic colitis 

and in the subgroups (collagenous colitis and lymphocytic colitis) in comparison with 

the controls.  

Histology of 

gastric mucosa 

Microscopic 

colitis N = 72 

Mean /Median 

(SD) 

Collagenous 

colitis N = 25  

Mean/Median 

(SD) 

Lymphocytic 

Colitis N = 47 

Mean/Median 

(SD) 

Controls 

N = 59 

Mean/Median 

(SD) 

P value 

 < 0.05 

Antrum  

Intestinal 

metaplasia  

2.0/0 (7.4) 0* 3.0/0 (9.0)* 2.9/0 (13.0) *0.026 

Intraepithelial 

lymphocytes  

4.8 /3 (6.5) 3.0/3 (1.7)* 5.8/3 (7.8)* 4.3/2 (6.2) *0.018 

Lymphatic 

follicles/biopsy  

0.1/0 (0.2)** 0.02/0 (0.1) 0.07/0 (0.2) 0.2/0 (0.4)** **0.035 

Fibrosis in 

lamina propria 

0.9/1 (0.7)** 1.0/1 (0.7) 0.8/1 (0.6) 0.6/1 (1.0)** **0.018 

Corpus  

Glandular 

height (µm) 

476/500 (117) 516/550 (97)* 458/500 (122)* 479/550 (174) *0.045 

Foveolar 

height  

(µm) 

187/150 (93)** 167/150 (58) 197/150 (105) 251/200 (131)** **0.004 

intestinal metaplasia as a percentage of mucosa, lymphatic follicles as a count/biopsy 0–5, and 

intraepithelial lymphocytes as a count/100 epithelial cells.  

* Comparisons between patients with collagenous colitis and those with lymphocytic colitis 

** Comparisons between patients with microscopic colitis and controls 

Comparison of gastroduodenal findings in CC and LC  

Endoscopic erosions were more common in CC than in LC (7/27 25.9% vs. 3/48 

6.2%; p = 0.030). In CC, patients with H. pylori had more often erosions than 

those without H. pylori (4/5 80% vs. 3/20 15%; p = 0.012), but in LC, the erosion 

risk was not related to the occurrence of H. pylori (1/6 16.7% vs. 2/41 4.9%; 

p = NS). The use of NSAIDs contributed significantly to the higher erosion risk in 

CC patients compared to LC patients (6/13 vs. 2/19; p = 0.038). Endoscopical 

duodenitis or bulbitis tended to be more common in CC compared to LC (4/27 

14.8% vs. 1/48 2.1%; p = 0.053), and among H. pylori negative patients, this 

difference was statistically significant (4/20 20% vs. 1/41 2.4%; p = 0.036). In CC, 

the presence of endoscopical erosions was associated with the higher activity of 

gastritis in the antrum (0.9/1 ± 0.9 vs. 0.06/0 ± 0.25, p = 0.009), higher glands 
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(383/390 ± 70 vs. 266/265 ± 56 μm; p = 0.007) and deeper foveolae 

(455/460 ± 124 vs. 297/285 ± 73 μm; p = 0.003) in the antral mucosa, and to a 

lower IEL count in the body mucosa (2.0/2 ± 0.7 vs. 6.6/3 ± 6.4; p = 0.010). 

Antral foveolae were higher in H. pylori positive patients with CC than in 

patients with LC (435/420 ± 125µm vs. 303/310 ± 52 µm; p = 0.047). In antral 

mucosa, the IEL count was higher in LC compared to CC (Table 11). In gastric 

body mucosa, the glandular height was increased in patients with CC compared to 

LC (Table 11), and this difference was more evident in H. pylori positive patients 

(585/595 ± 24 vs. 322/300 ± 68 μm; P = 0.008). In the H. pylori positive patients, 

the patients with CC displayed no atrophic changes, unlike patients with LC (0 vs. 

1.5/2 ± 0.8; p = 0.029). The foveolae of body mucosa were higher in LC than in 

CC (330/350 ± 133.1 vs.148/140 ± 38.6 μm; p = 0.019) in H. pylori positive 

patients. In addition, in this population, the gastritis was also more active in LC 

compared to CC (1.0/0 ± 0 vs. 0.25/0 ± 0.5; p = 0.033) and tended to be more 

severe in LC compared to CC (2.7/3 ± 0.5 vs. 1.3/1 ± 1.3; p = 0.071). 

Duodenum and duodenal mucosa 

Eight patients with MC (of 15 patients with CD) had a diagnostic villous atrophy 

with increased IEL count. Three of those patients had been on a GFD for years 

and had still mild villous atrophy. When comparing patients with CD to the other 

patients with MC, they had shorter duodenal villi (420/440 ± 103 vs. 

445/450 ± 74 µm; p = 0.004), deeper crypts (249/230 ± 77.8 vs. 191/180 ± 61 µm; 

p = 0.014) and a higher IEL count (39.5/38.5 ± 26.4 vs. 9.5/8 ± 6.7; p = 001) and 

higher mononuclear inflammatory cell score (4/4 ± 0.8 vs. 3.2/3 ± 0.8; p = 0.001). 

MC patients without CD had shorter duodenal villi (445/450 ± 74 vs. 

480/490 ± 57 μm; p = 0.007), but lower IEL counts (9.5/8 ± 6.7 vs. 14.1/11 ± 10.4; 

p = 0.006) and lower mononuclear inflammatory cell score in the duodenal 

lamina propria (3.2/3 ± 0.8 vs. 3.5/4 ± 0.7; p = 0.028) compared to controls. Due 

to the high carriage rate of the HLA-DR3-DQ2 genotype also in patients without 

CD, the duodenal changes were compared with association of this genotype. The 

IEL count was lower in non-CD patients carrying the HLA-DR3DQ2 allele as 

compared to those without HLA-DR3DQ2 (6.41/6.5 ± 2.2 vs. 10.9/8 ± 7.7; 

p = 0.002).  
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Relationship of ileal abnormalities and gastroduodenal features 

In MC patients with ileal changes, the duodenal IEL count was higher than in 

patients without ileal changes (37/19 ± 32.9 vs. 13.74/8.5 ± 14.3; p = 0.023). This 

difference between patients with or without ileal changes was also noted in 

patients without CD (31/9 ± 17 vs. 9.1/7.5 ± 5; p = 0.017) and patients with LC 

(29.0/19 ± 12.5 vs.13.0/8 ± 13.0; p = 0.025). In non-CD patients and in LC 

patients the antral IEL count was higher if the patients had also ileal changes 

(non-CD: 9.5/5 ± 5.0 vs. 3.3/3 ± 2.8; p = 0.006; LC: 8.9/6 ± 3.7 vs. 4.0/3 ± 3.6, 

p = 0.021). In CC patients with ileal changes, the IEL count in body mucosa was 

higher as compared to patients without ileal changes (17.5/17.5 ± 9.2 vs. 

3.22 ± 2.5; p = 0.019). 

5.3 Immunological aspects (III, IV) 

Table 12. HLA-DR3-DQ2 and HLA-DR4-DQ8 frequencies in patients with microscopic 

colitis (MC) and subtypes of MC: collagenous colitis (CC), lymphocytic colitis (LC) and 

MC with or without celiac disease (CD) 

HLA-type MC, whole 

group 

N = 80 

(%) 

MC with CC 

N = 29 

 

(%) 

MC with LC 

N = 51 

 

(%) 

MC with CD 

N = 15² 

 

(%) 

MC without 

CD N = 63² 

 

(%) 

Control group 

N = 3627 

 

(%) 

HLA-DR3-DQ2¹ 35 (43.8) 13 (44.8) 22 (43.1) 13 (86.7) 21 (33.3)  655 (18.1)  

p value   < 0.001 0.021  < 0.001 p < 0.001 0.003  

HLA-DR3-DQ2 

and/or HLA-

DR4-DQ8 ¹ 

43 (53.8) 16 (55.2) 27 (52.9) 14 (93.3) 28(44.4) 1411 (38.9) 

p value 0.010 0.086 0.044  < 0.001   

¹ 3 patients with both DQ2 and DQ8 alleles (One in CC group, two in LC group) 

² only cases with duodenal histology available 

p value between the study group and the control group 

5.3.1 HLA-DR3-DQ2 and HLA-DR4-DQ8 in MC (III) 

The HLA-DR3-DQ2 haplotype was more prevalent in patients with MC 

compared to the control group (OR 3.529; CI 2.251–5.533) and this increased 

prevalence was found in both CC and LC (Table 12). As predicted, in patients 

with CD, the frequency of HLA-DR3-DQ2 was significantly higher compared to 
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controls (OR 29.493, CI 6.64–131.008) and also to MC patients without CD. 

However, in MC patients without CD, the frequency of HLA- DR3-DQ2 was still 

elevated when compared to the control group (OR 2.269; CI 1.335–3.857). HLA-

DR4-DQ8 haplotype was found in 11 (13.8%) of patients, and 836 (23.0%) of 

controls (P = 0.062). One patient with CD was negative for both HLA- DR3-DQ2 

and HLA-DR4-DQ8, but she carried the combination of DQA1*01 and DQB1*05 

encoding for the DQ5 molecule. 

5.3.2 Cytokine gene polymorphism (III,IV) 

TNFα (-308) gene polymorphism (III) 

TNF2 allele carriers were more common among patients with MC than in the 

controls (p < 0.0005; OR 2.864, CI 1.627–5.042; adjusted p = 0.0035; Table 13). 

When compared to controls, the TNF2 –carrier frequency was also higher in all 

subgroups of MC, including patients with CC, LC, MC with CD and MC without 

CD. The TNF2-carriage rate tended to be higher in MC patients with CD 

compared to those without CD (p = 0.082).  

The linkage between the carriage status of HLA-DR3-DQ2 haplotype and 

TNFα-2 allele was also analyzed. The association of HLA-DR3-DQ2 haplotype 

with TNF2 allele was significant in MC patients, as well as in CC, LC and in MC 

without CD (p < 0.001, p = 0.002, p < 0.001, p < 0.001, respectively), thus 

indicating the presence of a linkage disequilibrium between the two genetic sites. 

This association did not reach statistical significance in MC patients with CD 

(p = 0.095). The frequency DR3-DQ2/TNF-2 double positivity in patients with 

MC and CD patients was higher compared to the rest of the patients (66.7% vs. 

29.5%; p = 0.015).  

IL-6(-174) gene polymorphisms and serum IL-6 concentration (IV) 

Genotype IL-6-174-GG was significantly associated with MC when compared to 

controls (p = 0.030; OR 1.941; CI 1.078–3.495; adjusted p = 0.105; Table 13). 

The same trend was found in the comparison between the patients with CC and 

controls (p = 0.051; OR 2.466; CI 1.064–5.714). The IL-6-174 allele G frequency 

was higher in MC patients than in the controls (55% vs. 45%; p = 0.036; OR 

1.514, CI 1.041–2.203; adjusted p = 0.126). A similar tendency was found in the 
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comparison of the patients with CC and controls (57% vs. 45%; p = 0.086) and 

between MC patients without celiac disease and controls (54% vs. 45%; 

p = 0.078).  

The serum IL-6 concentrations (medians / interquartile percentiles) did not 

differ according to IL-6-174 genotypes in MC. Patients with CC had a higher 

concentration of IL-6 compared to patients with LC (1.73/1.40–4.64 vs. 

1.34/0.78–2.02 pg/ml; p = 0.017). Male patients had higher concentrations of IL-6 

than female patients (3.73/1.40–4.64 vs. 1.43/0.82–2.14 pg/ml; p = 0.007). 

Patients who were overweight (BMI over 25) had higher levels of IL-6 compared 

to patients of normal weight (1.76/1.29–3.87 vs. 1.43/0.74–2.21 pg/ml, p = 0.039). 

There was no correlation between the IL-6 levels and the age of the patients. The 

effect of confounding factors such as age, gender and BMI on the IL-6 

concentration was tested by conducting of stratified analysis but no critical effect 

was found.  

Table 13. TNFα -308 and IL-6-174 gene polymorphisms in microscopic colitis (MC), 

collagenous colitis (CC), lymphocytic colitis (LC) and in MC with and without celiac 

disease (CD) 

Cytokine 

polymorphisms 

Genotype/allele 

MC (all) 

 

(%) 

CC 

 

(%) 

LC 

 

(%) 

MC with CD 

 

(%) 

MC without 

CD 

(%) 

Controls 

N = 178 

(%) 

TNFα gene polymorphisms 

TNF-2- allele 

carriage rate 

36/80  

(46.2)  

12/27 

(44.4)  

24/51  

(47.1) 

10/15 

(66.7) 

24/61 

(39.3) 

41/178 

(23.0) 

p value  < 0.001 0.031 0.001 0.001 0.019  

IL-6-174 gene polymorphisms 

GG 27/80  

(33.8) 

11/28 

(39.3) 

16/52  

(30.8) 

6/15  

(40) 

19/63  

(30.2) 

37/178 

(20.8) 

GC/CC 53 

(66.3) 

17  

(60.7) 

36  

(69.2) 

9 

 (60) 

44  

(69.8) 

141 

(79.2) 

p value 0.030 0.051     

p value comparisons between the study group and the control group 

Other polymorphisms studies (IV) 

When polymorphisms of IL-1ß +3953, IL- 1RA, IL-10 and CD14 were evaluated, 

no differences were found between patients with MC and controls and 

correspondingly between the subtypes of MC. In IL-1ß -511- polymorphism, 

there was no difference in the genotype distributions between patients with MC 
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and controls. However the MC patients without CD had more often the IL-1ß -

511-CC genotype than the IL-1ß -511-CT/TT genotype when compared to 

controls (50% vs. 33.1%, p = 0.024, adjusted p = 0.168) and when compared to 

MC patients with CD (50% vs. 13.1%; p = 0.01, adjusted p = 0.07). The 

frequency of IL-1ß -501-allele T was statistically higher in CD patients in 

comparison to non-CD patients (0.57 vs. 0.34, p = 0.023; OR 2.585, CI 1.15–5.81; 

adjusted p = 0.180).  
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6 Discussion 

6.1 Methodological aspects (I-IV) 

Although at the time of current study was started, both subtypes of MC were 

relatively new entities, they were well known by the pathologists in Oulu 

University Hospital. The first diagnosis of CC in this study population was made 

in the year 1985. Since there is no registry of MC, and no compherensive clinical 

database available, it was only possible to identify the patients with the diagnosis 

of MC, CC and LC by exploring the locally available pathological databases. 

While endoscopies are performed both in communal health centres and in private 

practice, it was not possible to collect all patients with a certain diagnosis and to 

perform a comprehensive epidemiological study. Nonetheless, most of the 

patients with MC in the city of Oulu region were likely identified, only some of 

those who were colonoscopied in the private practices may have been overlooked. 

Although the current study is not representative in an epidemiological sense, the 

series of patient was unselected and systemically assessed, and the diagnosis was 

based on uniform criteria and represent the majority of patients diagnosed with 

MC in a geographically defined region. This is the first study of MC evaluating 

the upper gastrointestinal endoscopical and histological changes in MC and in 

particular, this is the first systematic analysis of gastric morphology of MC, only 

case reports so far have been published of the special type of gastritis found in 

MC. This is also the most comprehensive study investigating the relationship 

between MC and HLA-DR3-DQ2 status and the first study to report the results of 

IL-6, IL-1 ß, IL-1RA, IL-10 and CD-14 gene polymorphisms in MC. 

This study, in contrast to most reports in MC, included an age- and sex-

matched series of 84 controls (Table 7) and thus it was possible to show a 

characteristic pattern of clinical features and associations in MC and compare the 

histology of upper gastrointestinal channel (I, II). The reference group represents 

the normal population of Caucasian origin from northern Finland. The age was 

standardized according to the study time i.e. the time when the patients were 

included in the study and interviewed and for the controls the time of inclusion to 

the study after colonoscopy. Since the aim of the study was to obtain a population 

sample without any significant inflammatory conditions affecting the intestinal 

mucosa and associated with a significant abnormality in the upper gastro-

intestinal tract, no subjects with diarrhoea were included. Therefore in this study, 
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it is not possible to evaluate whether some of the observed features were 

connected with MC or whether they would be connected with chronic diarrhoea 

even without MC. In addition, no direct comparisons of MC, with IBD or IBS can 

be made, because the patients with IBD were excluded and IBS patients were not 

characterized in our series.  

In the immunologic studies, two control groups from the same northern 

Finnish population were used as described in section 4.1.2. The first of these 

control groups consisted of 3627 school children, of which the prevalence of CD 

was known (III, group 1) and the other control group of 178 subjects was made 

up of university staff and students with no information about their state of health 

or diseases (III, group 2; IV) (Maki et al. 2003). Although the age structures of 

these control groups (III; IV) were not similar to the patients, this should not 

influence the results obtained in the genetic testings, but as the prevalence of CD 

increases with age, the frequency rates of CD are not comparable (Vilppula et al. 

2009). However, the frequency of CD in the control group 1 (1%) is similar to the 

values described at that time in the entire Finnish population (Maki et al. 2003, 

Lohi et al. 2007).  

Due to the retrospective nature of the current study, the endoscope data 

extracted from the endoscopic statements is not uniform, and possibly some 

information was missing from the statements depending on the endoscopists. In 

addition, the histologic samples and laboratory parameters were not similarly 

available from every patient. However, the histologic evaluation was uniform, as 

the histologic samples of colon, ileum, gastric mucosa and duodenum were re-

evaluated blindly by the same experienced pathologist and the diagnosis of MC, 

CC and LC was based on the generally accepted criteria described in methods. No 

grading about histologic remarks in colon and ileum was included in this study. 

Samples of upper gastrointestinal channel were systematically assessed and 

graded as described in study II. The HLA- typing was performed to investigate 

the connection of CD to MC because of the high frequency of CD. In order to 

exclude latent CD in patients carrying the HLA-DR3-DQ2, TTG- antibody testing 

was performed but no positive cases were found. The analyzed cytokines and 

their polymorphisms (TNF-α-308, IL-6-174, IL-1β-511, IL-1β+3954, IL-1RA, 

IL-10 and CD-14-260) were chosen because of their known biological 

significance in the pathogenesis of various inflammatory and infectious diseases.  
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6.2 Clinical characteristics of MC (I) 

In most of the epidemiologic studies, the prevalences for CC and LC have been 

similar, only in an American study was a trend of about a two times higher 

incidence of LC found when compared to CC (Agnarsdottir et al. 2002, Olesen et 

al. 2004b, Pardi et al. 2007, Fernandez-Banares et al. 2010). In the current study, 

LC was more common than CC, especially in the prospective series of patients 

(76.9% vs. 23.1%). The age of the patients with MC at the diagnosis (Table 8) has 

a trend to be even lower compared to most of the reported ages, with both CC and 

LC typically presenting in the 6th to 7th decades (Baert et al. 1999, Olesen et al. 

2004b). The diagnostic delay was shorter in the prospective group compared to 

the retrospective group (12 vs. 4 months; p = 0.025), which may reflect a better 

colonoscopy capacity and a greater awareness of these diseases.  

The reported pattern of symptoms and the clinical course did not differ from 

observations in the current study (Baert et al. 1999, Fernandez-Banares et al. 

2003, Olesen et al. 2004b). Interestingly, the BMI was lower in patients compared 

to controls, although the mean BMI was in the higher region of the normal ranges 

of BMI and controls were mildly overweight (Table 8). However, the BMI 

difference could reflect the severity of the disease i.e. nearly 70% of patients with 

MC had lost weight at least temporary, although no signs of malnutrition and 

dehydration were found.  

Diseases which have a suspected autoimmune origin are common in MC with 

frequencies of 18–45 in MC reported in previous studies (Table 9) (Ayata et al. 

2002, Barta et al. 2005). In the current study, the prevalence of autoimmune 

diseases was also statistically higher in MC patients than in controls and even 

more prevalent in CC when compared with LC. CD was the most common 

disease of autoimmune origin (18%); the relationship between CD and MC will 

be discussed in section 6.7. 

Starting a new drug treatment seems to increase the risk of MC (Fernandez-

Banares et al. 2007.) In all, 13% of patients with LC and 6.7% of patients with 

CC had started taking a new drug shortly before the onset of the diarrhoea in this 

study population. Some of the drugs they had started such as ticlodipine, NSAID, 

ASA, simvastatin have been listed as possible compounds with high or 

intermediate causality for MC (Beaugerie & Pardi 2005). In this series the use of 

both NSAIDs and ASA was remarkable though it was not different from controls. 

In addition, initiation of therapy with certain antidepressants such as mianserin 

and fluoxetine was associated to the onset of diarrhoea. Antidepressants were 
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used by 14.3% of patients which may be attributable not only to some co-existing 

depression, also by the presence of chronic pain which is often treated with those 

types of compounds. Since the use of the NSAIDs and antidepressants is not rare 

in MC, it has been suggested that drugs like NSAIDs or SSRIs may be a trigger 

for colonic inflammation or worsen the self-evolving microscopic colitis, but 

often clear causality could not be shown as the symptoms still persisted even after 

stopping the medication. (Fernandez-Banares et al. 2007). 

The prevalence of lactose intolerance has not been reported in MC before. In 

Finland, the prevalence of hypolactasia has been estimated at 17%, which is lower 

than in the patients and controls in this study (Sahi 1994). The hypolactasia had 

been tested by an oral lactose test, and the data has been collected retrospectively 

with about 70% of patients and 40% of controls having been tested. The high 

frequency in controls may reflect a bias because only subjects with symptoms had 

been tested and about 30% of controls had IBS-like symptoms. The high 

frequency of CD does not explain the difference between patients and controls, 

because hypolactasia is often a secondary condition in untreated CD, and also the 

frequency of hypolactasia in CD patients was not significantly higher compared 

to non-CD patients (Bode & Gudmand-Hoyer 1988). The majority, 62%, of 

patients with MC did not tolerate lactose containing food and avoided lactose 

compared to 38% of controls. In IBS, lactose-related symptoms have been 

described as being more common compared to controls (38–40%) although no 

differences have been found in hypolactasia (4.1 vs. 3.8%) (Farup et al. 2004). 

Also in MC, lactose can cause symptoms without there being any underlying 

lactose malabsorption, although in the patients in this series, the frequency of 

hypolactasia was also high. Genetic testing for hypolactasia might provide more 

exact information if there is an independent association of hypolactasia with MC 

(Rasinpera et al. 2004).  

6.3 Colonoscopy and histology of the colon and ileum (I) 

Minor abnormalities such as erythema, oedema or abnormal vessel-pattern in 

colonoscopic examination have been described 20–34% in MC which is in accord 

also with our observations (Ayata et al. 2002, Olesen et al. 2004a). The 

prevalence of colonic diverticulosis is not known in MC, only in one publication 

was a frequency as high as 66% (17/27) in LC reported (Mullhaupt et al. 1998). 

In our material, DD was less prevalent in patients with MC than in controls (16% 

vs. 39%; p = 0.001), the prevalence of DD in controls being close to the expected 
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prevalence in this age group (Jung et al. 2010). The relationship of IBS and DD 

has been controversial, with prevalence rates varying from 9% to 51% of patients 

with non-constipated IBS in recent studies (Chey et al. 2010). In IBD the 

frequency of DD has been reported to be lower than in normal population even in 

patients older than 50 years (Lahat et al. 2007). It would be interesting to examine, 

if there is any mechanism providing protection for the development of diverticula 

in IBD and also in MC, or vice versa. However, the lesser occurrence of DD in 

MC needs also more evidence because the present study was not extensive and 

there is possibility of bias because the detection and registration of diverticula in 

colonoscopy may vary between endoscopists. 

Colon histology was revaluated in this study, and the final diagnosis was 

confirmed. However, because the diagnosis of MC was more often used as an 

umbrella term in the histologic statements, the diagnosis was specified from MC 

to CC or LC in 35 patients, but a prior diagnosis of CC or LC was seldom 

changed (2 in each group). So called mixed-form of colitis with both excess of 

IEL and broad SCL was found in 16/30 of patients in CC (53%), which is only 19% 

of all the patients. This observation is in line with previous reports with IEL count 

over 20% having been described in 28–81% of patients with CC (Veress et al. 

1995, Baert et al. 1999, Fernandez-Banares et al. 2003). 

Ileal histologic changes such as villous atrophy, intraepithelial lymphocytosis 

and abnormal SCL has been reported in MC (Marteau et al. 1997, Sapp et al. 

2002). In the current study, the ileal biopsies were re-evaluated and 18% of 

patients with MC with ileal histology had atrophic changes or ileitis in ileal 

mucosa, although no endoscopic abnormalities in mucosa of ileum had been 

reported. In a study by Sapp et al. (2002) ileal changes were found up to 64% of 

patients with MC (29/45) the numbers being similar in both CC and LC, but there 

also a slight elevation of IEL over 5 included. In the current study, the limit value 

of IEL count was 15/100 ECL which may partly account for the lower prevalence 

found. When comparing ileal histology with the histologic changes observed in 

the upper gastrointestinal channel, there was a clear trend for higher IEL counts 

through the mucosa of the gastrointestinal channel, especially in duodenum. 

According to these findings, it seems obvious that there is a remarkable 

proportion of MC patients who experience a more widespread inflammatory 

changes throughout the gastrointestinal channel. The common pathogenetic 

mechanism behind this phenomenon is not known and no conclusion could be 

drawn in the current study about how the symptoms correlate to the extensiveness 

of the disease.  
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More systematic histologic studies will be needed to characterize the full 

spectrum of changes in the entire gastrointestinal channel in MC. In the future, a 

more detailed evaluation, a more extensive grading and follow-up of the 

histologic changes of the colon and ileum in MC should be made. It would also 

be interesting to study if there is any correlation between the colon histology in 

patients with respect to severity of symptoms and disease course. 

6.4 Gastroscopy and histology of gastric and duodenal mucosa (II) 

The MC patients with H. pylori infection were diagnosed for MC at an age about 

9 years older than the patients without the infection. On the other hand, there was 

a trend towards a lower prevalence of H. pylori infection found in MC compared 

to controls (Table 10). In a Finnish study, IBD patients with H. pylori infection 

were similarly diagnosed for IBD at about a 10 year older age than the patients 

without the infection (Vare et al. 2001). In addition in IBD and particularly in 

Crohn`s disease, the seroprevalence of the H. pylori infection has been reported to 

be lower than in age-matched controls (Halme et al. 1996b). It has been 

speculated that certain factors, e.g. environmental or pathogenetic, may protect 

against H. pylori infection but increase the susceptibility to IBD. These findings 

may indicate that H. pylori infection confers some protective effect against 

intestinal inflammation, delaying the age of onset of IBD, or possibly H. pylori is 

simply a marker of unknown environmental conditions which confer protection. 

The so-called hygiene hypothesis states that when children are protected from 

microbial infections, the development of their immunological system may be 

affected in such a way that they are more prone to develop autoimmune 

conditions (Rook & Brunet 2005). Accordingly poorer living conditions and a 

lower standard of hygiene have been suggested to protect also from CD e.g. there 

is a lower prevalence of CD detected in schoolchildren of Russian Karelia 

compared to their counterparts in Finland (Kondrashova et al. 2008). The present 

finding is the first evidence supporting the hygiene hypothesis also in MC. 

However, the observed time trends of MC pointing to an increased incidence in 

recent decades would also fit well with the protective role H. pylori infection or 

some factors which have undergone a similar change in prevalence. An alternative 

explanation for the difference in the age of onset of MC between H. pylori 

negative and positive patients is that the latter simply represents a group of older 

subjects, belonging to the birth cohort with a high prevalence of H. pylori 

infection.  
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LG is a relatively common type of gastritis with a reported prevalence of 

about 4–6% in gastric biopsy material (Niemela et al. 1995). In this series, the 

overall prevalence of LG in MC (5.6%) did not differ from that in the controls 

(10%) (Table 10). However, as in previous studies, LG was found only in LC and 

no cases were detected in CC (Wu & Hamilton 1999). LG has been linked to H. 

pylori and this association was also found in the current study (Hayat et al. 

1999a). LG showed a clear association with non-treated CD in the current study. 

This kind of association of LG and CD is in line with previous reports, with the 

prevalence of LG having been described to be in the range of 10–61% in 

untreated CD (Karttunen & Niemela 1990, Fine et al. 1998). Previously also 

patients with both MC and CD have been reported to exhibit coexisting LG, 

though more often this association is found in RCD (Verkarre et al. 2003).  

Although the prevalence of the endoscopic gastric erosions was similar in 

patients with MC as in controls, H. pylori positive patients with MC had more 

often erosions than controls. Furthermore, patients with MC and the H. pylori 

infection suffered less severe antral gastritis than controls. The use of NSAIDs did 

not differ between these groups, but patients using NSAIDs had more often 

gastric erosions than other patients. According to these findings it can be 

postulated that subjects with MC are especially prone to experience complications 

of NSAID both in the upper gastrointestinal tract and probably also in the colon. 

The mechanism for this sensitivity is not clear, but certain features such as more 

active antral gastritis were detected in patients with erosions.  

Foveolar height in the body mucosa was significantly lower and fundic gland 

polyps less prevalent in MC than in the controls (Table 11). Since increased 

gastrin secretion induces glandular growth, a mechanism to account for the fundic 

gland polyps has been claimed to be related with the use proton pump inhibitors 

(Freeman 2008). However, no association was detected with the use of these 

drugs and the occurrence of fundic gland polyps, and the pathogenetic mechanism 

for this difference is unknown. It could be speculated that the failure of the 

foveolar growth and absence of fundic gland polyps in the gastric body mucosa in 

MC may be related to a decrease in the secretion of some growth factor from the 

ileal and colon mucosa, but this kind of factor has still to be identified. 

The duodenal villous height, although within the normal limits, was lower in 

MC patients than in the controls, even when patients with CD were excluded, 

Interestingly,the IEL count in duodenum was even lower in patients without CD 

carrying the HLA-DR3-DQ2. Reduced villous height in MC without CD was not 

associated with any signs of immune system activity i.e. it was not associated 
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with either higher IEL count or with increased enterocyte loss. Therefore it could 

be speculated that the reduction in villous height might also be related to a 

deficiency of critical growth factors similarly to the situation with the decrease 

with the foveolar height in the body mucosa.  

6.5 Immunological aspects (III, IV) 

A familial occurrence has been described in MC as also in the current series 

(Jarnerot et al. 2001). There are few studies which have examined the genetic 

background of MC. The first study investigating HLA antigens found an 

increased frequency of HLA-A1 and a decreased frequency of HLA-A3 only in 

LC as compared to controls (Giardiello et al. 1992). Although no HLA class II 

typing was reported in that article, HLA-A1 is known to be in linkage 

disequilibrium with HLA-DR3 and -DQ2, as part of an extended ancestral HLA 

haplotype (Price et al. 1999). In the study of Fine et al. (2000a), an increased 

prevalence of HLA-DR3-DQ2 in MC was reported (64% pts vs. 31% controls), 

while 4% of patients had evidently CD. A Spanish group reported the association 

of HLA-DQ2 only in LC (48%, OR 2.83), not in CC (32.3%), and in that series, 

CD was found in 4 of 33 patients with HLA-DQ2 positivity (Fernandez-Banares 

et al. 2005). In the present study, even though MC patients with CD were 

excluded, the prevalence of HLA-DR3-DQ2 was significantly increased in MC 

(Table 12; 33.3% vs. 18.8%). In contrast to the studies of Giardiello et al. (1992) 

and Fernandez-Banares et al. (2005), an association of HLA-DQ2 with CC was 

found and also CD was more common in the current series. Remarkably none of 

the MC patients with the HLA-DR3-DQ2 haplotype but without duodenal villous 

abnormalities displayed TTG- antibodies, which should exclude the possibility 

that CD was present in these patients. The discrepancies in different studies may 

be attributable to differences in the diagnostic criteria or geographical differences 

in the prevalence of CD. The evidence of these HLA-studies points also to a 

discrete linkage between the HLA-DR3-DQ2 allele and susceptibility to MC. 

Polymorphisms in TNF genes have been associated with susceptibility to 

several autoimmune diseases, e.g. CD and DH (Wilson et al. 1992). The presence 

of the allele TNF2 is associated with enhanced TNF production and TNFα is one 

of the key cytokines participating in the regulation of inflammatory responses 

(Wilson et al. 1997). The carriage rates of the TNF2 allele were clearly increased 

in all subgroups of MC (Table 13). The presence of HLA-DR3-DQ2 and TNF2 

strongly correlated with each other in MC, which is not surprising as the TNF2 
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allele is known to be in strong linkage disequilibrium with HLA-DR3 and HLA-

DQ2 alleles (Price et al. 1999). 

The IL-6-174-GG genotype was associated with MC (Table 13). The possible 

association of G allele with MC is in agreement with previous studies in which 

the IL-6-174-G allele has been linked with several chronic inflammatory and 

autoimmune diseases and with the activity of diseases such as rheumatic diseases 

and chronic periodontal disease (Pawlik et al. 2005, Raunio et al. 2007). The IL-

6-174-G allele or IL-6-174-GG genotype have been associated with elevated 

serum levels of IL-6 in several diseases (Fishman et al. 1998, Hulkkonen et al. 

2001b, Raunio et al. 2007). However, the genotype of IL-6-174 did not have any 

influence on the serum IL-6 concentration in MC in the current series. Since a 

correlation between the serum level of IL-6 and the activity of the inflammatory 

disease has been reported in several conditions, a potential confounding factor in 

the evaluation of serum levels of IL-6 and genotypes could be the heterogeneous 

activity of MC since the disease course is variable exhibiting both relapses and 

remissions (Gross et al. 1992, Pawlik et al. 2005, Raunio et al. 2007). At present, 

the correlation of the disease activity and outcome of MC to IL-6 genotype and 

IL-6 levels could not be thoroughly explored because of a lack of validated 

methods for monitoring the activity of MC either by symptoms scoring or through 

its histological parameters. Other factors potentially influencing the IL-6 

production such as gender, age or body weight did not influence the results (Jones 

et al. 2001). Since also other polymorphic sites in IL-6 gene have been described, 

the contradictory results might be explained by the synergistic effects of the 

different SNPs and their function in linkage equilibrium (Fife et al. 2005). 

Accordingly, further studies in a larger population with different ethnic groups 

may be necessary to clarify whether IL-6-174- polymorphism would be 

associated with susceptibility and/or outcome of MC and whether it is involved in 

regulating IL-6 secretion in MC. One could even speculate that monitoring serum 

IL-6 concentration could mirror the activity of the disease.  

When studying multiple gene polymorphisms, a correction for multiple 

testing such as that devised by Benjamini-Hochberg (1990) may be useful, even 

necessary, but then the observed significant associations may simply disappear as 

was the case with IL-6 polymorphisms. However as suggested by Rothman 

(1990), those kinds of adjustments are not always considered necessary before 

one can make a conclusion. Accordingly, since this is the first study into the 

cytokine gene polymorphisms in MC and since there was no previous data 

available, it was felt important to scrutinize all possible leads for further 
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exploration. However, as the experience with IBD shows, the results of the 

studies of the cytokine polymorphisms are controversial, this subject has been 

discussed in section 2.3.3. It is apparent, that in MC, more immunogenetic studies 

of these SNPs in larger populations are required before one cane make more 

reliable conclusions of both positive and negative associations. 

6.6 Comparisons between CC and LC (I-IV) 

There has been much debate about whether CC and LC are related but not 

identical diseases, or totally separate conditions or perhaps even different phases 

of the same disease. (Giardiello et al. 1992, Baert et al. 1999.) The histological 

changes in colon mucosa are often patchy, which sometimes cause confusion in 

the diagnosis of MC especially when only a few biopsies are taken. This was 

evident also in the current patient material, but the diagnosis was changed only in 

two patients with CC diagnosis and two patients with LC. In follow-up studies, a 

conversion of LC to CC or the opposite has been reported (Fernandez-Banares et 

al. 2003, Olesen et al. 2004a). 

The proposal for a greater female preponderance in CC is not so obvious as 

several studies in addition to this present study have detected a clear female 

preponderance also in LC (Fernandez-Banares et al. 1999, Agnarsdottir et al. 

2002.) As in previous studies, the age at diagnosis did not differ remarkable in 

patients with CC as compared to LC (Table 8). As in most studies, the diagnostic 

delay displayed a trend to be longer in CC compared to LC (Baert et al. 1999, 

Fernandez-Banares et al. 2003, Olesen et al. 2004b). The reason for this 

difference is not clear because clinically, these colitides are indistinguishable. The 

difference in the diagnostic delay in current series is partly attributable to the 

greater proportion of LC in the prospective study group and thus may reflect the 

better colonoscopy capacity and the awareness of these diseases. The clinical 

courses of CC and LC may differ, as according to some reports more chronic and 

severe symptoms have been described in CC compared to LC though the evidence 

is not consistent. (Baert et al. 1999, Fernandez-Banares et al. 2003, Sveinsson et 

al. 2008). Here, no differences in symptoms and disease course could be found 

between CC and LC.  

As previously discussed, autoimmune disorders were more commonly found 

in CC than in LC (Table 9). However, the prevalence of CD did not differ 

between CC and LC. The patients with LC suffered more often from bronchial 

asthma than those with CC, this association has not been reported before. In 
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previous studies, the prevalence of asthma in MC has been 4–7% as it was for CC 

in this study, these figures being at the same level as the frequency of asthma in 

the adult Finnish population (4–6%) (Arinen S-S et al. 1998, Baert et al. 1999, 

Olesen et al. 2004a, Haahtela et al. 2006). It is possible that the different 

associations in CC and LC could reflect the importance of immunological 

mechanisms in their pathogenesis and indicate that the balance of immunological 

activation is different in these two conditions. 

Lactose-containing food was more poorly tolerated by patients with CC than 

LC, although no significant difference was found in the prevalence of 

hypolactasia. The co-existence of CD and IBS-like symptoms can not explain this 

difference in subjective lactose intolerance, because they were as frequently found 

in CC and in LC. In this study, starting a new drug was more commonly 

associated with the onset of the diarrhoea in patients with LC as compared to the 

situation in patients with CC. In previous studies, a correlation has been found 

between CC and the use of NSAIDs and SSRIs and correspondingly between LC 

and SSRIs, but no such associations were found in this study (Fernandez-Banares 

et al. 2007).  

LG was found only in patients with LC, though the difference was not 

statistically significant (Table 10). The IEL count in the antral mucosa was higher 

in LC as compared to CC and a similar trend was found in the body mucosa 

(Table 11). In addition, ileal changes have a tendency to be more common in LC 

and they were associated with higher numbers of duodenal and antral IEL. No 

differences in IEL count were found in the duodenum mucosa. However, our 

findings indicate that an increase in the number of gastric IELs is a characteristic 

feature of LC.  

Endoscopic gastric erosions were more often detected in CC than in LC and 

there was also a trend that duodenal endoscopical inflammatory changes were 

more common in CC compared to LC. The features found in gastric morphology 

representing more active gastritis and higher glands in antral mucosa in CC 

compared to LC especially in H. pylori positive subjects emphasize the 

importance of the antral predominance of the gastritis in the pathogenesis of 

gastric erosions. In addition, the glands in the gastric body were higher in CC than 

in LC. Thus the higher erosion rate in CC could be related to the antral 

predominance of gastritis and the potentially higher acid secretion in CC 

(Toljamo et al. 2005).  

It has been reported that there is a difference in the HLA-types between CC 

and LC as discussed earlier (Giardiello et al. 1992, Fernandez-Banares et al. 
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2005). However, in the present material, HLA-DR3-DQ2 was similarly prevalent 

in both subtypes of MC (Table 12), a similar association was also found by Fine 

et al (2000a). The trend towards a higher frequency of the IL-6-174 –GG 

genotype compared to the controls was detected in CC which was not found in 

LC (Table 13). No statistically significant difference was found in IL-6-174-GG 

genotype frequencies between CC and LC (31 vs. 39%), but it is possible that the 

difference could have become statistically significant if a larger study population 

had been available. Interestingly, the serum IL-6 concentration was higher in 

patients with CC than in those with LC. This may point to differences in the 

pathogenesis of CC and LC. Alternatively, a high IL-6 level may indicate that CC 

is a more severe disease, as has been found in some studies, but these correlations 

could not be made because there was no validated way to evaluate the disease 

activity (Baert et al. 1999, Fernandez-Banares et al. 2003).  

6.7 Comparisons concerning the association of CD to MC (I-IV) 

The overall prevalence of CD was 16.7% which is a significantly higher 

frequency than the reported prevalence of 1–2% in the adult population and 2.7% 

in elderly people in Finland (Vilppula et al. 2009). The diagnosis of CD was 

uniformly based on typical histological findings in duodenum before starting the 

gluten-free diet and to the response to the diet as assessed in follow-up biopsies. 

In previous studies, the prevalence of CD in subgroups of MC had varied 

considerably, partly depending on the population being studied, the number of 

patients tested and on the diagnostic criteria, with frequencies in CC varying 

between 0–40% and in LC from 0% up to 27%, the highest frequencies normally 

being reported in studies with small sample sizes (Armes et al. 1992, Gillett & 

Freeman 2000, Fernandez-Banares et al. 2003). However, according to most of 

these studies there seem to be higher proportion of subjects with CD in MC than 

in the normal population. CD was as common in both subtypes of MC in our 

study. On the other hand, the prevalence of MC in CD patients is higher than in 

the normal population, with frequencies varying from 2.7% up to 36% depending 

on the timing of the colonoscopy (Fine et al. 1998, Abdulkarim et al. 2002, 

Hopper et al. 2005). Thus, in a clinical setting, the co-existence of CD in MC 

patients should be screened at least by serological tests and if CD patients in spite 

of strict GFD and improved duodenal histology are still suffering chronic 

diarrhoea, then a colonoscopy should be performed to exclude MC.  
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Patients with CD were younger than patients without CD at the time of the 

diagnosis of MC and the diagnostic delay was longer in patients with CD 

compared to other patients with MC. Nine patients with CD had been on a GFD 

already for years before the MC was diagnosed. Many patients with previously 

diagnosed CD are often more accustomed to the intestinal symptoms such as 

diarrhoea, and often their symptom relapses may be thought to have been due to 

other reasons i.e. gluten contamination in diet. However, colonoscopy may be 

also more readily performed in the early stages after the diagnosis of CD in those 

patients whose symptoms do not disappear with a GFD. Nonetheless, it is 

possible that the spectrum of MC (symptoms, disease course etc.) is different in 

CD patients although this was not clarified in the present study. 

At the time when the gastroscopy was counducted in this study, three patients 

who had already been on a GFD for years, had mild villous atrophy, but no 

criteria of RCD were fulfilled. However, also in this study, six patients with CD 

and on a GFD had normal duodenal villous structure when MC was diagnosed, i.e. 

gluten was not be the noxious agent in MC. The presence of LG in CD is 

discussed in section 6.4. 

There were 15 patients with MC and CD, and 13 of them carried the HLA-

DR3-DQ2 haplotype associated strongly to CD in northern Europe, and one 

displayed the HLA-DR4-DQ8 haplotype. In the study of Karell et al. (2003) of 61 

CD patients without HLA-DR3-DQ2 or DR4-DQ8, 60 patients encoded either 

one half of the DQ2 heterodimer (DQA1*0501; DQB1*02 alleles) and/or carried 

DQ5 (DQA1*01-DQB1*05). Accordingly also in this study, one of the 15 MC 

patients with CD, who was negative for both HLA-DR3-DQ2 and HLA-DR4-

DQ8 carried the DQ5 molecule. 

In CD, the HLA-DR3-DQ2/TNF-2 double positivity was higher than in MC 

patients without CD (66.7% vs. 29.5%). There was also a trend for homozygotic 

TNF2 to be more frequent in patients with CD than in controls. There are 

previous reports suggesting that the TNF2 allele might be an additional marker 

for CD or be able to act independently in CD (de la Concha et al. 2000, Garrote et 

al. 2002). Unfortunately this aspect could not be studied in this material since 

there was no available information on both HLA-DQ2 and TNF2 for the control 

group.  

MC patients with CD carried more often the IL-1ß -511-CT/TT genotype 

than those without CD and correspondingly the frequency of the IL-1β-511-T 

allele was statistically higher in CD patients compared to non-CD patients with 

MC. However, IL-1RA-related polymorphisms did not exhibit the same 
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difference though the present patient population was too small i.e. this finding 

needs to be re-examined in larger patient groups. 

6.8 Comparisons of MC with IBD (I-IV) 

The relationship of MC and IBD is unclear. There are several reported cases of 

MC developing into IBD during the follow-up (Bohr et al. 1996a, Fernandez-

Banares et al. 2003). It is not known whether these two disorders occur only 

independently in the same individual or whether there could be a common genetic 

predisposition or shared immunological pathways.  

In contrast to the association between MC and CD, in IBD the prevalence of 

CD is not clearly higher than in the normal population, although not many large 

studies have been published. (Leeds et al. 2007.) The prevalence of IBD in treated 

CD patients has been reported to be higher than in controls (1.6% vs. 0.33%).  

Previously an association between H. pylori and a later onset of IBD has been 

speculated and this seems to occur also in MC. FG is known to associate with 

IBD, especially in Crohn`s disease (Halme et al. 1996a, Sharif et al. 2002, 

Kundhal et al. 2003). FG was only rarely found in the present series of MC 

patients and its frequency did not differ from that found in the controls. This 

observation is in agreement with previous findings in a small series of MC 

patients where focal cryptitis (analogous to FG) was found at a similar frequency 

as in controls (2/8 vs. 2/5) (Danelius et al. 2009). The absence of any association 

between FG and MC favours the concept that MC and IBD are different diseases 

in terms of their pathogenesis. 

In the current material ileal histological changes were found as also 

previously described in MC (Sapp et al. 2002). In Crohn`s disease, the 

inflammatory changes of ileum and colon are often endoscopically visible, 

although also only histologic findings with ileitis and granulomas in ileum 

mucosa have been described (Nikolaus & Schreiber 2007). However, the typical 

histology of colon in MC may help in the differential diagnosis.  

IBD often clusters in families, and also in MC a familial occurrence has also 

been reported as the patients examined here (Jarnerot et al. 2001, Baumgart & 

Carding 2007). UC and Crohn`s disease are polygenic diseases, and there are 

conflicting results in the published genetic studies. The studies of cytokine 

polymorphisms in IBD have been conflicting and the possible connection found is 

often associated with variations in IBD phenotype, though the samples studied 

have been small and the results often not reproducible in different populations 
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(Balding et al. 2004.). According to the current findings, it seems likely that MC 

and IBD do not share a genetic background involving HLA-DR3-DQ2 and IL-6 

polymorphisms (Cho & Weaver 2007).  

6.9 Comparisons of MC with IBS (I-IV) 

It is not uncommon for MC patients to display IBS-like symptoms. In this study 

as many as 80% of patients suffered those symptoms and frequencies from 30 to 

70% have been noted in previous studies (Bohr et al. 1996a, Baert et al. 1999, 

Fernandez-Banares et al. 2003, Limsui et al. 2007). However, as often in other 

retrospective studies of MC, the prevalence of IBS symptoms in the present study 

was only an estimate since the diagnosis of IBS was not based on the Rome 

criteria (Longstreth et al. 2006). On the other hand, MC had been found in 1.5%-

13% of patients with a prior diagnosis of IBS (Kao et al. 2009, Chey et al. 2010). 

In contrast to IBS, patients with MC often report weight loss also in the present 

study (Baert et al. 1999). A female preponderance is also common in IBS but the 

onset of symptoms of IBS is usually at younger ages than in MC and often 

prevalence of symptoms often decreases with age (Drossman et al. 2002). 

The prevalence of asthma was higher in LC than has been previously reported 

and compared to Finnish adult population (Arinen S-S et al. 1998). IBS patients 

have also been reported to suffer more often from bronchial asthma (15.9%) than 

the normal population (Yazar et al. 2001). It remains to be determined whether 

this shared connection to asthma is evidence of some further etiopathogenetic 

relatedness between LC and IBS. Other common phenomena in IBS and MC are 

lactose related symptoms, although in MC the frequency of hypolactasia was also 

higher than in the normal population (Sahi 1994, Farup et al. 2004).  

Cytokine studies in IBS have revealed alterations in cytokine secretion i.e. in 

diarrhoea prominent IBS, higher levels of pro-inflammatory cytokines including 

IL-6 have been demonstrated, although no studies examining the IL-6- 

polymorphisms have been published (Liebregts et al. 2007). With respect to the 

TNFα-308 polymorphisms, TNF2 has been detected more frequently in the 

patients with IBS than in controls which was also found in MC patients of the 

current study (O'Mahony et al. 2005). 

IBS and MC also share some similarities also in their colon histology. The 

inflammative histology of colon with the increased cellularity of the colonic 

mucosa and lamina propria in some IBS patients resembles but does not fulfil the 

histologic criteria of MC (Chadwick et al. 2002, Drossman et al. 2002). No 
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pathogenetic links have been found so far; more comparative studies into these 

states are need to provide more information. One could argue that at least a subset 

of patients with IBS may form a part of a continuum with MC. 
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7 Summary and Conclusions 

1. The most common symptoms were watery diarrhoea associated with 

nocturnal diarrhoea and incontinence, and 80% of patients suffered symptoms 

resembling those of IBS. Women were more likely to suffer both CC and LC. 

The high susceptibility to autoimmune diseases in patients with MC points to 

a possible autoimmune involvement in MC. CD was found in 18% of patients 

with MC. Nine patients with MC had started a new drug shortly before they 

experienced symptoms related to MC but there were no differences between 

the patients and controls in the use of drugs. For the first time, evidence was 

found for a positive association with lactose intolerance and a negative 

association with DD with MC, and a possible association of LC with 

bronchial asthma.  

2. The present findings suggest that mucosal abnormalities in MC might involve 

not only the colon but also ileum, gastric and duodenal mucosa. However, no 

diagnostic hallmarks were found in gastric mucosa. FG, previously linked 

with IBD, was only rarely found in MC. The older age of onset of MC in H. 

pylori positive subjects suggests that the infection may delay the development 

of MC. The decrease of foveolar height in the gastric body mucosa and 

villous height in the duodenum in patients with MC, the latter even without 

evidence of CD, points to the presence of some previously unknown links 

between colorectal inflammation and the gastroduodenal mucosal structure. 

More systematic histological studies would be needed to characterize the full 

spectrum of changes in the whole gastrointestinal channel in MC. 

Furthermore, evaluation of the sequence of appearance of anatomically 

diverse features, and, more importantly, their pathophysiological relationship, 

is essential if one wishes to understand the pathogenesis of MC.  

3. A clear association between HLA-DR3-DQ2 carriage and both subgroups of 

MC was found even when CD patients were excluded. The TNF2 gene was 

also more frequently seen in MC patients, but this was probably due to 

linkage equilibrium between DQ2 and TNF2. The IL-6-174 –G allele was 

common in MC and may be a predisposing factor or a marker for some other 

susceptibility gene. However, this genotype, which is repeatedly associated 

with the elevated production of IL-6, was not related with increased serum 

levels of IL-6 in MC. The finding of IL-6 polymorphism needs to be 

confirmed in other ethnic and national patient groups with MC. 
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In summary, LC and CC seem to share many clinical features. Although 

autoimmune type disorders were common in both CC and LC, their prevalence 

was higher in CC. CD was as common in both entities as was also the prevalence 

HLA-DR3-DQ2. In contrast, bronchial asthma showed an association with LC. 

The latter findings point to a possible involvement of immunological mechanisms 

in MC pathogenesis and suggest that the balance of immunological activation 

may be different in CC and LC. The association of CC with the antrum 

predominant gastritis and gastric erosions and the relationship between LC and 

LG suggests that the pathogenesis of these two diseases, and also their genetic 

background, might be different. No differences in cytokine polymorphisms were 

found between the patients with CC and LC. However the difference in serum IL-

6 levels between CC vs. LC possibly reflects differences in the pathogenetic 

mechanisms underpinning these conditions 

The common association of CD and MC, the high prevalence of HLA-DR3-

DQ2 in MC found in the current study and the similar inflammatory 

characteristics in colonic mucosa in MC and in duodenal mucosa in CD 

(mononuclear inflammatory cell infiltration of the lamina propria and 

intraepithelial lymphocytosis), provide evidence that these syndromes might share 

some pathogenetic mechanisms. It has been speculated that MC is a T-cell-

mediated immunological reaction to a luminal antigen under the control of class II 

HLA genes, though the putative antigen has not been identified so far. In the 

clinical setting, the possible co-existence of CD should be considered in patients 

with MC and vice versa. 



 95

References 

Abadie V, Sollid LM, Barreiro LB & Jabri B (2011) Integration of Genetic and 
Immunological Insights into a Model of Celiac Disease Pathogenesis. Annu Rev 
Immunol 2011:29: 493–525. 

Abdulkarim AS, Burgart LJ, See J & Murray JA (2002) Etiology of nonresponsive celiac 
disease: results of a systematic approach. Am J Gastroenterol 97: 2016–2021. 

Abraham C & Cho JH (2009) Inflammatory bowel disease. N Engl J Med 361: 2066–2078. 
Agnarsdottir M, Gunnlaugsson O, Orvar KB, Cariglia N, Birgisson S, Bjornsson S, 

Thorgeirsson T & Jonasson JG (2002) Collagenous and lymphocytic colitis in Iceland. 
Dig Dis Sci 47: 1122–1128. 

Aigner T, Neureiter D, Muller S, Kuspert G, Belke J & Kirchner T (1997) Extracellular 
matrix composition and gene expression in collagenous colitis. Gastroenterology 113: 
136–143. 

Arend WP & Guthridge CJ (2000) Biological role of interleukin 1 receptor antagonist 
isoforms. Ann Rheum Dis 59 Suppl 1: i60–i64. 

Arias MA, Rey Nores JE, Vita N, Stelter F, Borysiewicz LK, Ferrara P & Labeta MO 
(2000) Cutting edge: human B cell function is regulated by interaction with soluble 
CD14: opposite effects on IgG1 and IgE production. J Immunol 164: 3480–3486. 

Arinen S-S, Häkkinen U, Klaukka T, Klavus J, Lehtonen R, Aro S (1998). Health and use 
of health services in Finland. Main findings of the Finnish health care survey 
1995/1996 and changes from 1987. Finnish Official Statistics, Health Care, 1998, 
National Agency for Medicines and Finnish Social Insurance Institution. Finland.  

Armes J, Gee DC, Macrae FA, Schroeder W & Bhathal PS (1992) Collagenous colitis: 
jejunal and colorectal pathology. J Clin Pathol 45: 784–787. 

Ayata G, Ithamukkala S, Sapp H, Shaz BH, Brien TP, Wang HH, Antonioli DA, Farraye 
FA & Odze RD (2002) Prevalence and significance of inflammatory bowel disease-
like morphologic features in collagenous and lymphocytic colitis. Am J Surg Pathol 
26: 1414–1423. 

Baert F, Schmit A, D'Haens G, Dedeurwaerdere F, Louis E, Cabooter M, De Vos M, 
Fontaine F, Naegels S, Schurmans P, Stals H, Geboes K & Rutgeerts P (2002) 
Budesonide in collagenous colitis: a double-blind placebo-controlled trial with 
histologic follow-up. Gastroenterology 122: 20–25. 

Baert F, Wouters K, D'Haens G, Hoang P, Naegels S, D'Heygere F, Holvoet J, Louis E, 
Devos M & Geboes K (1999) Lymphocytic colitis: a distinct clinical entity? A 
clinicopathological confrontation of lymphocytic and collagenous colitis. Gut 45: 
375–381. 

Balding J, Livingstone WJ, Conroy J, Mynett-Johnson L, Weir DG, Mahmud N & Smith 
OP (2004) Inflammatory bowel disease: the role of inflammatory cytokine gene 
polymorphisms. Mediators Inflamm 13: 181–187. 



96 

Baldini M, Lohman IC, Halonen M, Erickson RP, Holt PG & Martinez FD (1999) A 
Polymorphism* in the 5' flanking region of the CD14 gene is associated with 
circulating soluble CD14 levels and with total serum immunoglobulin E. Am J Respir 
Cell Mol Biol 20: 976–983. 

Barksby HE, Lea SR, Preshaw PM & Taylor JJ (2007) The expanding family of 
interleukin-1 cytokines and their role in destructive inflammatory disorders. Clin Exp 
Immunol 149: 217–225. 

Barta Z, Mekkel G, Csipo I, Toth L, Szakall S, Szabo GG, Bako G, Szegedi G & Zeher M 
(2005) Microscopic colitis: a retrospective study of clinical presentation in 53 patients. 
World J Gastroenterol 11: 1351–1355. 

Bas S, Gauthier BR, Spenato U, Stingelin S & Gabay C (2004) CD14 is an acute-phase 
protein. J Immunol 172: 4470–4479. 

Baumgart DC & Carding SR (2007) Inflammatory bowel disease: cause and 
immunobiology. Lancet 369: 1627–1640. 

Baumgart DC & Sandborn WJ (2007) Inflammatory bowel disease: clinical aspects and 
established and evolving therapies. Lancet 369: 1641–1657. 

Beaugerie L & Pardi DS (2005) Review article: drug-induced microscopic colitis - 
proposal for a scoring system and review of the literature. Aliment Pharmacol Ther 22: 
277–284. 

Beck S & Trowsdale J (2000) The human major histocompatability complex: lessons from 
the DNA sequence. Annu Rev Genomics Hum Genet 1: 117–137. 

Bidwell J, Keen L, Gallagher G, Kimberly R, Huizinga T, McDermott MF, Oksenberg J, 
McNicholl J, Pociot F, Hardt C & D'Alfonso S (1999) Cytokine gene polymorphism 
in human disease: on-line databases. Genes Immun 1: 3–19. 

Bo-Linn GW, Vendrell DD, Lee E & Fordtran JS (1985) An evaluation of the significance 
of microscopic colitis in patients with chronic diarrhea. J Clin Invest 75: 1559–1569. 

Bode S & Gudmand-Hoyer E (1988) Incidence and clinical significance of lactose 
malabsorption in adult coeliac disease. Scand J Gastroenterol 23: 484–488. 

Bohr J, Jarnerot G, Tysk C, Jones I & Eriksson S (2002a) Effect of fasting on diarrhoea in 
collagenous colitis. Digestion 65: 30–34. 

Bohr J, Nordfelth R, Jarnerot G & Tysk C (2002b) Yersinia species in collagenous colitis: 
a serologic study. Scand J Gastroenterol 37: 711–714. 

Bohr J, Tysk C, Eriksson S, Abrahamsson H & Jarnerot G (1996a) Collagenous colitis: a 
retrospective study of clinical presentation and treatment in 163 patients. Gut 39: 846–
851. 

Bohr J, Tysk C, Eriksson S & Jarnerot G (1995) Collagenous colitis in Orebro, Sweden, an 
epidemiological study 1984–1993. Gut 37: 394–397. 

Bohr J, Tysk C, Yang P, Danielsson D & Jarnerot G (1996b) Autoantibodies and 
immunoglobulins in collagenous colitis. Gut 39: 73–76. 

Bonderup OK, Hansen JB, Birket-Smith L, Vestergaard V, Teglbjaerg PS & Fallingborg J 
(2003) Budesonide treatment of collagenous colitis: a randomised, double blind, 
placebo controlled trial with morphometric analysis. Gut 52: 248–251. 



 97

Bonderup OK, Hansen JB, Teglbjoerg PS, Christensen LA & Fallingborg JF (2009) Long-
term budesonide treatment of collagenous colitis: a randomised, double-blind, 
placebo-controlled trial. Gut 58: 68–72. 

Brand S (2009) Crohn's disease: Th1, Th17 or both? The change of a paradigm: new 
immunological and genetic insights implicate Th17 cells in the pathogenesis of 
Crohn's disease. Gut 58: 1152–1167. 

Burgner D, Jamieson SE & Blackwell JM (2006) Genetic susceptibility to infectious 
diseases: big is beautiful, but will bigger be even better? Lancet Infect Dis 6: 653–663. 

Carter MJ, Jones S, Camp NJ, Cox A, Mee J, Warren B, Duff GW, Lobo AJ & Di Giovine 
FS (2004) Functional correlates of the interleukin-1 receptor antagonist gene 
polymorphism in the colonic mucosa in ulcerative colitis. Genes Immun 5: 8–15. 

Chadwick VS, Chen W, Shu D, Paulus B, Bethwaite P, Tie A & Wilson I (2002) 
Activation of the mucosal immune system in irritable bowel syndrome. 
Gastroenterology 122: 1778–1783. 

Chan JL, Tersmette AC, Offerhaus GJ, Gruber SB, Bayless TM & Giardiello FM (1999) 
Cancer risk in collagenous colitis. Inflamm Bowel Dis 5: 40–43. 

Chande N, Driman DK & Reynolds RP (2005) Collagenous colitis and lymphocytic colitis: 
patient characteristics and clinical presentation. Scand J Gastroenterol 40: 343–347. 

Chang F, Deere H & Vu C (2005) Atypical forms of microscopic colitis: morphological 
features and review of the literature. Adv Anat Pathol 12: 203–211. 

Chassany O, Michaux A & Bergmann JF (2000) Drug-induced diarrhoea. Drug Saf 22: 
53–72. 

Chey WD, Nojkov B, Rubenstein JH, Dobhan RR, Greenson JK & Cash BD (2010) The 
yield of colonoscopy in patients with non-constipated irritable bowel syndrome: 
results from a prospective, controlled US trial. Am J Gastroenterol 105: 859–865. 

Cho JH & Weaver CT (2007) The genetics of inflammatory bowel disease. 
Gastroenterology 133: 1327–1339. 

Collin P, Huhtala H, Virta L, Kekkonen L & Reunala T (2007) Diagnosis of celiac disease 
in clinical practice: physician's alertness to the condition essential. J Clin 
Gastroenterol 41: 152–156. 

Collin P, Reunala T, Rasmussen M, Kyronpalo S, Pehkonen E, Laippala P & Maki M 
(1997) High incidence and prevalence of adult coeliac disease. Augmented diagnostic 
approach. Scand J Gastroenterol 32: 1129–1133. 

Cruz-Correa M, Milligan F, Giardiello FM, Bayless TM, Torbenson M, Yardley JH, 
Jackson FW & Wilson JF (2002) Collagenous colitis with mucosal tears on 
endoscopic insufflation: a unique presentation. Gut 51: 600. 

Danelius M, Ost A & Lapidus AB (2009) Inflammatory bowel disease-related lesions in 
the duodenal and gastric mucosa. Scand J Gastroenterol 44: 441–445. 

de la Concha EG, Fernandez-Arquero M, Vigil P, Rubio A, Maluenda C, Polanco I, 
Fernandez C & Figueredo MA (2000) Celiac disease and TNF promoter 
polymorphisms. Hum Immunol 61: 513–517. 

Di Giovine FS, Takhsh E, Blakemore AI & Duff GW (1992) Single base polymorphism at 
-511 in the human interleukin-1 beta gene (IL1 beta). Hum Mol Genet 1: 450. 



98 

Diamanti A, Maino C, Niveloni S, Pedreira S, Vazquez H, Smecuol E, Fiorini A, Cabanne 
A, Bartellini MA, Kogan Z, Valero J, Maurino E & Bai JC (1999) Characterization of 
gastric mucosal lesions in patients with celiac disease: a prospective controlled study. 
Am J Gastroenterol 94: 1313–1319. 

Dinarello CA (1996) Biologic basis for interleukin-1 in disease. Blood 87: 2095–2147. 
Dixon MF, Genta RM, Yardley JH & Correa P (1996) Classification and grading of 

gastritis. The updated Sydney System. International Workshop on the Histopathology 
of Gastritis, Houston 1994. Am J Surg Pathol 20: 1161–1181. 

Drossman DA, Camilleri M, Mayer EA & Whitehead WE (2002) AGA technical review 
on irritable bowel syndrome. Gastroenterology 123: 2108–2131. 

Dubois PC, Trynka G, Franke L, Hunt KA, Romanos J, Curtotti A, Zhernakova A, Heap 
GA, Adany R, Aromaa A, Bardella MT, van den Berg LH, Bockett NA, de la Concha 
EG, Dema B, Fehrmann RS, Fernandez-Arquero M, Fiatal S, Grandone E, Green PM, 
Groen HJ, Gwilliam R, Houwen RH, Hunt SE, Kaukinen K, Kelleher D, Korponay-
Szabo I, Kurppa K, MacMathuna P, Maki M, Mazzilli MC, McCann OT, Mearin ML, 
Mein CA, Mirza MM, Mistry V, Mora B, Morley KI, Mulder CJ, Murray JA, Nunez 
C, Oosterom E, Ophoff RA, Polanco I, Peltonen L, Platteel M, Rybak A, Salomaa V, 
Schweizer JJ, Sperandeo MP, Tack GJ, Turner G, Veldink JH, Verbeek WH, 
Weersma RK, Wolters VM, Urcelay E, Cukrowska B, Greco L, Neuhausen SL, 
McManus R, Barisani D, Deloukas P, Barrett JC, Saavalainen P, Wijmenga C & van 
Heel DA (2010) Multiple common variants for celiac disease influencing immune 
gene expression. Nat Genet 42: 295–302. 

Farup PG, Monsbakken KW & Vandvik PO (2004) Lactose malabsorption in a population 
with irritable bowel syndrome: prevalence and symptoms. A case-control study. 
Scand J Gastroenterol 39: 645–649. 

Fernandez-Banares F, Esteve M, Espinos JC, Rosinach M, Forne M, Salas A & Viver JM 
(2007) Drug consumption and the risk of microscopic colitis. Am J Gastroenterol 102: 
324–330. 

Fernandez-Banares F, Esteve M, Farre C, Salas A, Alsina M, Casalots J, Espinos J, Forne 
M & Viver JM (2005) Predisposing HLA-DQ2 and HLA-DQ8 haplotypes of coeliac 
disease and associated enteropathy in microscopic colitis. Eur J Gastroenterol Hepatol 
17: 1333–1338. 

Fernandez-Banares F, Esteve M, Salas A, Forne TM, Espinos JC, Martin-Comin J & Viver 
JM (2001) Bile acid malabsorption in microscopic colitis and in previously 
unexplained functional chronic diarrhea. Dig Dis Sci 46: 2231–2238. 

Fernandez-Banares F, Salas A, Esteve M, Espinos J, Forne M & Viver JM (2003) 
Collagenous and lymphocytic colitis. evaluation of clinical and histological features, 
response to treatment, and long-term follow-up. Am J Gastroenterol 98: 340–347. 

Fernandez-Banares F, Salas A, Esteve M, Pardo L, Casalots J, Forne M, Espinos JC, Loras 
C, Rosinach M & Viver JM (2010) Evolution of the incidence of collagenous colitis 
and lymphocytic colitis in Terrassa, Spain: A population-based study. Inflamm Bowel 
Dis 17:1015–1020. 



 99

Fernandez-Banares F, Salas A, Forne M, Esteve M, Espinos J & Viver JM (1999) 
Incidence of collagenous and lymphocytic colitis: a 5-year population-based study. 
Am J Gastroenterol 94: 418–423. 

Fife MS, Ogilvie EM, Kelberman D, Samuel J, Gutierrez A, Humphries SE & Woo P 
(2005) Novel IL-6 haplotypes and disease association. Genes Immun 6: 367–370. 

Fine K, Ogunji F, Lee E, Lafon G & Tanzi M (1999) Randomized, double-blind, placebo-
controlled trial of bismuth subsalicylate for microscopic colitis. Gastroenterology 116: 
A880. 

Fine KD, Do K, Schulte K, Ogunji F, Guerra R, Osowski L & McCormack J (2000a) High 
prevalence of celiac sprue-like HLA-DQ genes and enteropathy in patients with the 
microscopic colitis syndrome. Am J Gastroenterol 95: 1974–1982. 

Fine KD, Lee EL & Meyer RL (1998) Colonic histopathology in untreated celiac sprue or 
refractory sprue: is it lymphocytic colitis or colonic lymphocytosis? Hum Pathol 29: 
1433–1440. 

Fine KD, Seidel RH & Do K (2000b) The prevalence, anatomic distribution, and diagnosis 
of colonic causes of chronic diarrhea. Gastrointest Endosc 51: 318–326. 

Fishman D, Faulds G, Jeffery R, Mohamed-Ali V, Yudkin JS, Humphries S & Woo P 
(1998) The effect of novel polymorphisms in the interleukin-6 (IL-6) gene on IL-6 
transcription and plasma IL-6 levels, and an association with systemic-onset juvenile 
chronic arthritis. J Clin Invest 102: 1369–1376. 

Fraser AG, Warren BF, Chandrapala R & Jewell DP (2002) Microscopic colitis: a clinical 
and pathological review. Scand J Gastroenterol 37: 1241–1245. 

Freeman HJ (1997) Perinuclear antineutrophil cytoplasmic antibodies in collagenous or 
lymphocytic colitis with or without celiac disease. Can J Gastroenterol 11: 417–420. 

Freeman HJ (2008) Proton pump inhibitors and an emerging epidemic of gastric fundic 
gland polyposis. World J Gastroenterol 14: 1318–1320. 

Garrote JA, Arranz E, Gomez-Gonzalez E, Leon AJ, Farre C, Calvo C, Bernardo D, 
Fernandez-Salazar L & Blanco-Quiros A (2005) IL6, IL10 and TGFB1 gene 
polymorphisms in coeliac disease: differences between DQ2 positive and negative 
patients. Allergol Immunopathol (Madr) 33: 245–249. 

Garrote JA, Arranz E, Telleria JJ, Castro J, Calvo C & Blanco-Quiros A (2002) TNF alpha 
and LT alpha gene polymorphisms as additional markers of celiac disease 
susceptibility in a DQ2-positive population. Immunogenetics 54: 551–555. 

Gaya DR, Russell RK, Nimmo ER & Satsangi J (2006) New genes in inflammatory bowel 
disease: lessons for complex diseases? Lancet 367: 1271–1284. 

Giardiello FM, Lazenby AJ, Yardley JH, Bias WB, Johnson J, Alianiello RG, Bedine MS 
& Bayless TM (1992) Increased HLA A1 and diminished HLA A3 in lymphocytic 
colitis compared to controls and patients with collagenous colitis. Dig Dis Sci 37: 
496–499. 

Gillett HR & Freeman HJ (2000) Prevalence of celiac disease in collagenous and 
lymphocytic colitis. Can J Gastroenterol 14: 919–921. 

Goff JS, Barnett JL, Pelke T & Appelman HD (1997) Collagenous colitis: histopathology 
and clinical course. Am J Gastroenterol 92: 57–60. 



100 

Gonsalkorale WM, Perrey C, Pravica V, Whorwell PJ & Hutchinson IV (2003) Interleukin 
10 genotypes in irritable bowel syndrome: evidence for an inflammatory component? 
Gut 52: 91–93. 

Green PH & Cellier C (2007) Celiac disease. N Engl J Med 357: 1731–1743. 
Gross V, Andus T, Caesar I, Roth M & Scholmerich J (1992) Evidence for continuous 

stimulation of interleukin-6 production in Crohn's disease. Gastroenterology 102: 
514–519. 

Haahtela T, Tuomisto LE, Pietinalho A, Klaukka T, Erhola M, Kaila M, Nieminen MM, 
Kontula E & Laitinen LA (2006) A 10 year asthma programme in Finland: major 
change for the better. Thorax 61: 663–670. 

Hajeer AH, Lazarus M, Turner D, Mageed RA, Vencovsky J, Sinnott P, Hutchinson IV & 
Ollier WE (1998) IL-10 gene promoter polymorphisms in rheumatoid arthritis. Scand 
J Rheumatol 27: 142–145. 

Halme L, Karkkainen P, Rautelin H, Kosunen TU & Sipponen P (1996a) High frequency 
of helicobacter negative gastritis in patients with Crohn's disease. Gut 38: 379–383. 

Halme L, Rautelin H, Leidenius M & Kosunen TU (1996b) Inverse correlation between 
Helicobacter pylori infection and inflammatory bowel disease. J Clin Pathol 49: 65–
67. 

Hayat M, Arora DS, Dixon MF, Clark B & O'Mahony S (1999a) Effects of Helicobacter 
pylori eradication on the natural history of lymphocytic gastritis. Gut 45: 495–498. 

Hayat M, Arora DS, Wyatt JI, O'Mahony S & Dixon MF (1999b) The pattern of 
involvement of the gastric mucosa in lymphocytic gastritis is predictive of the 
presence of duodenal pathology. J Clin Pathol 52: 815–819. 

Helio T, Halme L, Lappalainen M, Fodstad H, Paavola-Sakki P, Turunen U, Farkkila M, 
Krusius T & Kontula K (2003) CARD15/NOD2 gene variants are associated with 
familially occurring and complicated forms of Crohn's disease. Gut 52: 558–562. 

Hillila MT & Farkkila MA (2004) Prevalence of irritable bowel syndrome according to 
different diagnostic criteria in a non-selected adult population. Aliment Pharmacol 
Ther 20: 339–345. 

Hirano T (1992) Interleukin-6 and its relation to inflammation and disease. Clin Immunol 
Immunopathol 62: S60–S65. 

Hirv K, Seyfarth M, Uibo R, Kull K, Salupere R, Latza U & Rink L (1999) 
Polymorphisms in tumour necrosis factor and adhesion molecule genes in patients 
with inflammatory bowel disease: associations with HLA-DR and -DQ alleles and 
subclinical markers. Scand J Gastroenterol 34: 1025–1032. 

Hochberg Y & Benjamini Y (1990) More powerful procedures for multiple significance 
testing. Stat Med 9: 811–818. 

Hollerweger A, Macheiner P & Brunner W (2003) Suspicion of microscopic colitis raised 
by sonographic examination. J Clin Ultrasound 31: 207–210. 

Holstein A, Burmeister J, Plaschke A, Rosemeier D, Widjaja A & Egberts EH (2006) 
Autoantibody profiles in microscopic colitis. J Gastroenterol Hepatol 21: 1016–1020. 



 101

Hopper AD, Leeds JS, Hurlstone DP, Hadjivassiliou M, Drew K & Sanders DS (2005) Are 
lower gastrointestinal investigations necessary in patients with coeliac disease? Eur J 
Gastroenterol Hepatol 17: 617–621. 

Hornef MW, Wick MJ, Rhen M & Normark S (2002) Bacterial strategies for overcoming 
host innate and adaptive immune responses. Nat Immunol 3: 1033–1040. 

Howell WM, Calder PC & Grimble RF (2002) Gene polymorphisms, inflammatory 
diseases and cancer. Proc Nutr Soc 61: 447–456. 

Hubacek JA, Rothe G, Pit'ha J, Skodova Z, Stanek V, Poledne R & Schmitz G (1999) C(-
260)-->T polymorphism in the promoter of the CD14 monocyte receptor gene as a 
risk factor for myocardial infarction. Circulation 99: 3218–3220. 

Hulkkonen J, Lehtimaki T, Mononen N, Juonala M, Hutri-Kahonen N, Taittonen L, 
Marniemi J, Nieminen T, Viikari J, Raitakari O & Kahonen M (2009) Polymorphism 
in the IL6 promoter region is associated with the risk factors and markers of 
subclinical atherosclerosis in men: The Cardiovascular Risk in Young Finns Study. 
Atherosclerosis 203:454–458. 

Hulkkonen J, Pertovaara M, Antonen J, Lahdenpohja N, Pasternack A & Hurme M (2001a) 
Genetic association between interleukin-10 promoter region polymorphisms and 
primary Sjogren's syndrome. Arthritis Rheum 44: 176–179. 

Hulkkonen J, Pertovaara M, Antonen J, Pasternack A & Hurme M (2001b) Elevated 
interleukin-6 plasma levels are regulated by the promoter region polymorphism of the 
IL6 gene in primary Sjogren's syndrome and correlate with the clinical manifestations 
of the disease. Rheumatology (Oxford) 40: 656–661. 

Hurme M, Lahdenpohja N & Santtila S (1998) Gene polymorphisms of interleukins 1 and 
10 in infectious and autoimmune diseases. Ann Med 30: 469–473. 

Hurme M & Santtila S (1998) IL-1 receptor antagonist (IL-1Ra) plasma levels are co-
ordinately regulated by both IL-1Ra and IL-1beta genes. Eur J Immunol 28: 2598–
2602. 

Jarnerot G, Hertervig E, Granno C, Thorhallsson E, Eriksson S, Tysk C, Hansson I, 
Bjorknas H, Bohr J, Olesen M, Willen R, Kagevi I & Danielsson A (2001) Familial 
occurrence of microscopic colitis: a report on five families. Scand J Gastroenterol 36: 
959–962. 

Jarnerot G, Tysk C, Bohr J & Eriksson S (1995) Collagenous colitis and fecal stream 
diversion. Gastroenterology 109: 449–455. 

Jung HK, Choung RS, Locke GR, III, Schleck CD, Zinsmeister AR & Talley NJ (2010) 
Diarrhea-predominant irritable bowel syndrome is associated with diverticular disease: 
a population-based study. Am J Gastroenterol 105: 652–661. 

Kao KT, Pedraza BA, McClune AC, Rios DA, Mao YQ, Zuch RH, Kanter MH, Wirio S & 
Conteas CN (2009) Microscopic colitis: a large retrospective analysis from a health 
maintenance organization experience. World J Gastroenterol 15: 3122–3127. 

Karell K, Holopainen P, Mustalahti K, Collin P, Maki M & Partanen J (2002) Not all HLA 
DR3 DQ2 haplotypes confer equal susceptibility to coeliac disease: transmission 
analysis in families. Scand J Gastroenterol 37: 56–61. 



102 

Karell K, Louka AS, Moodie SJ, Ascher H, Clot F, Greco L, Ciclitira PJ, Sollid LM & 
Partanen J (2003) HLA types in celiac disease patients not carrying the DQA1*05-
DQB1*02 (DQ2) heterodimer: results from the European Genetics Cluster on Celiac 
Disease. Hum Immunol 64: 469–477. 

Karttunen T & Niemela S (1990) Lymphocytic gastritis and coeliac disease. J Clin Pathol 
43: 436–437. 

Kaukinen K, Collin P & Maki M (2007) Latent coeliac disease or coeliac disease beyond 
villous atrophy? Gut 56: 1339–1340. 

Kiesslich R, Hoffman A, Goetz M, Biesterfeld S, Vieth M, Galle PR & Neurath MF (2006) 
In vivo diagnosis of collagenous colitis by confocal endomicroscopy. Gut 55: 591–
592. 

Kilpinen S, Huhtala H & Hurme M (2002) The combination of the interleukin-1alpha (IL-
1alpha-889) genotype and the interleukin-10 (IL-10 ATA) haplotype is associated 
with increased interleukin-10 (IL-10) plasma levels in healthy individuals. Eur 
Cytokine Netw 13: 66–71. 

Kinane DF & Hart TC (2003) Genes and gene polymorphisms associated with periodontal 
disease. Crit Rev Oral Biol Med 14: 430–449. 

Kitchens RL & Thompson PA (2005) Modulatory effects of sCD14 and LBP on LPS-host 
cell interactions. J Endotoxin Res 11: 225–229. 

Klein W, Tromm A, Griga T, Fricke H, Folwaczny C, Hocke M, Eitner K, Marx M, 
Duerig N & Epplen JT (2002) A polymorphism in the CD14 gene is associated with 
Crohn disease. Scand J Gastroenterol 37: 189–191. 

Klein W, Tromm A, Griga T, Fricke H, Folwaczny C, Hocke M, Eitner K, Marx M & 
Epplen JT (2001) The polymorphism at position -174 of the IL-6 gene is not 
associated with inflammatory bowel disease. Eur J Gastroenterol Hepatol 13: 45–47. 

Kondrashova A, Mustalahti K, Kaukinen K, Viskari H, Volodicheva V, Haapala AM, 
Ilonen J, Knip M, Maki M & Hyoty H (2008) Lower economic status and inferior 
hygienic environment may protect against celiac disease. Ann Med 40: 223–231 

Koss K, Satsangi J, Fanning GC, Welsh KI & Jewell DP (2000) Cytokine (TNF alpha, LT 
alpha and IL-10) polymorphisms in inflammatory bowel disease and normal controls: 
differential effects on production and allele frequencies. Genes Immun 1: 185–190. 

Kosunen TU, Aromaa A, Knekt P, Salomaa A, Rautelin H, Lohi P, Heinonen OP (1997) 
Helicobacter antibodies in 1973 and 1994 in the adult population of Vammala, 
Finland. Epidemiol Infect 119: 29–34. 

Kundhal PS, Stormon MO, Zachos M, Critch JN, Cutz E & Griffiths AM (2003) Gastral 
antral biopsy in the differentiation of pediatric colitides. Am J Gastroenterol 98: 557–
561. 

Lahat A, Avidan B, Bar-Meir S & Chowers Y (2007) Long-standing colonic inflammation 
is associated with a low prevalence of diverticuli in inflammatory bowel disease 
patients. Inflamm Bowel Dis 13: 733–736. 

Lazarus M, Hajeer AH, Turner D, Sinnott P, Worthington J, Ollier WE & Hutchinson IV 
(1997) Genetic variation in the interleukin 10 gene promoter and systemic lupus 
erythematosus. J Rheumatol 24: 2314–2317. 



 103

Lazenby AJ, Yardley JH, Giardiello FM, Jessurun J & Bayless TM (1989) Lymphocytic 
("microscopic") colitis: a comparative histopathologic study with particular reference 
to collagenous colitis. Hum Pathol 20: 18–28. 

Lee E, Schiller LR, Vendrell D, Santa Ana CA & Fordtran JS (1992) Subepithelial 
collagen table thickness in colon specimens from patients with microscopic colitis and 
collagenous colitis. Gastroenterology 103: 1790–1796. 

Leeds JS, Horoldt BS, Sidhu R, Hopper AD, Robinson K, Toulson B, Dixon L, Lobo AJ, 
McAlindon ME, Hurlstone DP & Sanders DS (2007) Is there an association between 
coeliac disease and inflammatory bowel diseases? A study of relative prevalence in 
comparison with population controls. Scand J Gastroenterol 42: 1214–1220. 

Leung ST, Chandan VS, Murray JA & Wu TT (2009) Collagenous gastritis: 
histopathologic features and association with other gastrointestinal diseases. Am J 
Surg Pathol 33: 788–798. 

Liebregts T, Adam B, Bredack C, Roth A, Heinzel S, Lester S, Downie-Doyle S, Smith E, 
Drew P, Talley NJ & Holtmann G (2007) Immune activation in patients with irritable 
bowel syndrome. Gastroenterology 132: 913–920. 

Limsui D, Pardi DS, Camilleri M, Loftus EV, Jr., Kammer PP, Tremaine WJ & Sandborn 
WJ (2007) Symptomatic overlap between irritable bowel syndrome and microscopic 
colitis. Inflamm Bowel Dis 13: 175–181. 

Lindstrom CG (1976) 'Collagenous colitis' with watery diarrhoea--a new entity? Pathol Eur 
11: 87–89. 

Lohi S, Mustalahti K, Kaukinen K, Laurila K, Collin P, Rissanen H, Lohi O, Bravi E, 
Gasparin M, Reunanen A & Maki M (2007) Increasing prevalence of coeliac disease 
over time. Aliment Pharmacol Ther 26: 1217–1225. 

Longstreth GF, Thompson WG, Chey WD, Houghton LA, Mearin F & Spiller RC (2006) 
Functional bowel disorders. Gastroenterology 130: 1480–1491. 

Lundberg JO, Herulf M, Olesen M, Bohr J, Tysk C, Wiklund NP, Morcos E, Hellstrom 
PM, Weitzberg E & Jarnerot G (1997) Increased nitric oxide production in 
collagenous and lymphocytic colitis. Eur J Clin Invest 27: 869–871. 

Madisch A, Heymer P, Voss C, Wigginghaus B, Bastlein E, Bayerdorffer E, Meier E, 
Schimming W, Bethke B, Stolte M & Miehlke S (2005) Oral budesonide therapy 
improves quality of life in patients with collagenous colitis. Int J Colorectal Dis: 
20:312–316. 

Madisch A, Miehlke S, Eichele O, Mrwa J, Bethke B, Kuhlisch E, Bastlein E, Wilhelms G, 
Morgner A, Wigginghaus B & Stolte M (2007) Boswellia serrata extract for the 
treatment of collagenous colitis. A double-blind, randomized, placebo-controlled, 
multicenter trial. Int J Colorectal Dis 22: 1445–1451. 

Maki M, Mustalahti K, Kokkonen J, Kulmala P, Haapalahti M, Karttunen T, Ilonen J, 
Laurila K, Dahlbom I, Hansson T, Hopfl P & Knip M (2003) Prevalence of Celiac 
disease among children in Finland. N Engl J Med 348: 2517–2524. 

Makinen M, Niemela S, Lehtola J & Karttunen TJ (1998) Collagenous colitis and Yersinia 
enterocolitica infection. Dig Dis Sci 43: 1341–1346. 



104 

Manninen P, Karvonen AL, Huhtala H, Rasmussen M & Collin P (2010) The 
epidemiology of inflammatory bowel diseases in Finland. Scand J Gastroenterol 45: 
1063–1067. 

Mansfield JC, Holden H, Tarlow JK, Di Giovine FS, McDowell TL, Wilson AG, 
Holdsworth CD & Duff GW (1994) Novel genetic association between ulcerative 
colitis and the anti-inflammatory cytokine interleukin-1 receptor antagonist. 
Gastroenterology 106: 637–642. 

Marinou I, Healy J, Mewar D, Moore DJ, Dickson MC, Binks MH, Montgomery DS, 
Walters K & Wilson AG (2007) Association of interleukin-6 and interleukin-10 
genotypes with radiographic damage in rheumatoid arthritis is dependent on 
autoantibody status. Arthritis Rheum 56: 2549–2556. 

Marsh MN (1992) Gluten, major histocompatibility complex, and the small intestine. A 
molecular and immunobiologic approach to the spectrum of gluten sensitivity ('celiac 
sprue'). Gastroenterology 102: 330–354. 

Marshall BJ & Warren JR (1984) Unidentified curved bacilli in the stomach of patients 
with gastritis and peptic ulceration. Lancet 1: 1311–1315. 

Marteau P, Lavergne-Slove A, Lemann M, Bouhnik Y, Bertheau P, Becheur H, Galian A 
& Rambaud JC (1997) Primary ileal villous atrophy is often associated with 
microscopic colitis. Gut 41: 561–564. 

Martinez FD (2007) CD14, endotoxin, and asthma risk: actions and interactions. Proc Am 
Thorac Soc 4: 221–225. 

McManus R, Wilson AG, Mansfield J, Weir DG, Duff GW & Kelleher D (1996) TNF2, a 
polymorphism of the tumour necrosis-alpha gene promoter, is a component of the 
celiac disease major histocompatibility complex haplotype. Eur J Immunol 26: 2113–
2118. 

Messer G, Kick G, Ranki A, Koskimies S, Reunala T & Meurer M (1994) Polymorphism 
of the tumor necrosis factor genes in patients with dermatitis herpetiformis. 
Dermatology 189 Suppl 1: 135–137. 

Miehlke S, Heymer P, Bethke B, Bastlein E, Meier E, Bartram HP, Wilhelms G, Lehn N, 
Dorta G, Delarive J, Tromm A, Bayerdorffer E & Stolte M (2002) Budesonide 
treatment for collagenous colitis: a randomized, double-blind, placebo-controlled, 
multicenter trial. Gastroenterology 123: 978–984. 

Miehlke S, Madisch A, Bethke B, Morgner A, Kuhlisch E, Henker C, Vogel G, Andersen 
M, Meier E, Baretton G & Stolte M (2008) Oral budesonide for maintenance 
treatment of collagenous colitis: a randomized, double-blind, placebo-controlled trial. 
Gastroenterology 135: 1510–1516. 

Miehlke S, Madisch A, Karimi D, Wonschik S, Kuhlisch E, Beckmann R, Morgner A, 
Mueller R, Greinwald R, Seitz G, Baretton G & Stolte M (2009) Budesonide is 
effective in treating lymphocytic colitis: a randomized double-blind placebo-
controlled study. Gastroenterology 136: 2092–2100. 

Moore KW, de Waal MR, Coffman RL & O'Garra A (2001) Interleukin-10 and the 
interleukin-10 receptor. Annu Rev Immunol 19: 683–765. 



 105

Mosnier JF, Larvol L, Barge J, Dubois S, De La BG, Henin D & Cerf M (1996) 
Lymphocytic and collagenous colitis: an immunohistochemical study. Am J 
Gastroenterol 91: 709–713. 

Mullhaupt B, Guller U, Anabitarte M, Guller R & Fried M (1998) Lymphocytic colitis: 
clinical presentation and long term course. Gut 43: 629–633. 

Munck LK, Kjeldsen J, Philipsen E & Fischer HB (2003) Incomplete remission with short-
term prednisolone treatment in collagenous colitis: a randomized study. Scand J 
Gastroenterol 38: 606–610. 

Murray JA, Rubio-Tapia A, Van Dyke CT, Brogan DL, Knipschield MA, Lahr B, Rumalla 
A, Zinsmeister AR & Gostout CJ (2008) Mucosal atrophy in celiac disease: extent of 
involvement, correlation with clinical presentation, and response to treatment. Clin 
Gastroenterol Hepatol 6: 186–193. 

Mustalahti K, Catassi C, Reunanen A, Fabiani E, Heier M, McMillan S, Murray L, 
Metzger MH, Gasparin M, Bravi E & Maki M (2010) The prevalence of celiac disease 
in Europe: results of a centralized, international mass screening project. Ann Med 42: 
587–595. 

Nemetz A, Nosti-Escanilla MP, Molnar T, Kope A, Kovacs A, Feher J, Tulassay Z, Nagy 
F, Garcia-Gonzalez MA & Pena AS (1999) IL1B gene polymorphisms influence the 
course and severity of inflammatory bowel disease. Immunogenetics 49: 527–531. 

Niemela S, Karttunen T, Kerola T & Karttunen R (1995) Ten year follow up study of 
lymphocytic gastritis: further evidence on Helicobacter pylori as a cause of 
lymphocytic gastritis and corpus gastritis. J Clin Pathol 48: 1111–1116. 

Nikolaus S & Schreiber S (2007) Diagnostics of inflammatory bowel disease. 
Gastroenterology 133: 1670–1689. 

Nyhlin N, Bohr J, Eriksson S & Tysk C (2006) Systematic review: microscopic colitis. 
Aliment Pharmacol Ther 23: 1525–1534. 

O'Mahony L, McCarthy J, Kelly P, Hurley G, Luo F, Chen K, O'Sullivan GC, Kiely B, 
Collins JK, Shanahan F & Quigley EM (2005) Lactobacillus and bifidobacterium in 
irritable bowel syndrome: symptom responses and relationship to cytokine profiles. 
Gastroenterology 128: 541–551. 

Obana N, Takahashi S, Kinouchi Y, Negoro K, Takagi S, Hiwatashi N & Shimosegawa T 
(2002) Ulcerative colitis is associated with a promoter polymorphism of 
lipopolysaccharide receptor gene, CD14. Scand J Gastroenterol 37: 699–704. 

Offner FA, Jao RV, Lewin KJ, Havelec L & Weinstein WM (1999) Collagenous colitis: a 
study of the distribution of morphological abnormalities and their histological 
detection. Hum Pathol 30: 451–457. 

Olesen M, Eriksson S, Bohr J, Jarnerot G & Tysk C (2004a) Lymphocytic colitis: a 
retrospective clinical study of 199 Swedish patients. Gut 53: 536–541. 

Olesen M, Eriksson S, Bohr J, Jarnerot G & Tysk C (2004b) Microscopic colitis: a 
common diarrhoeal disease. An epidemiological study in Orebro, Sweden, 1993–1998. 
Gut 53: 346–350. 



106 

Osterholm MT, MacDonald KL, White KE, Wells JG, Spika JS, Potter ME, Forfang JC, 
Sorenson RM, Milloy PT & Blake PA (1986) An outbreak of a newly recognized 
chronic diarrhea syndrome associated with raw milk consumption. JAMA 256: 484–
490. 

Ozen S, Alikasifoglu M, Bakkaloglu A, Duzova A, Jarosova K, Nemcova D, Besbas N, 
Vencovsky J & Tuncbilek E (2002) Tumour necrosis factor alpha G-->A -238 and G--
>A -308 polymorphisms in juvenile idiopathic arthritis. Rheumatology (Oxford) 41: 
223–227. 

Papadakis KA & Targan SR (2000) Tumor necrosis factor: biology and therapeutic 
inhibitors. Gastroenterology 119: 1148–1157. 

Pardi DS (2004) Microscopic colitis: an update. Inflamm Bowel Dis 10: 860–870. 
Pardi DS, Loftus EV, Jr., Smyrk TC, Kammer PP, Tremaine WJ, Schleck CD, Harmsen 

WS, Zinsmeister AR, Melton LJ, III & Sandborn WJ (2007) The epidemiology of 
microscopic colitis: a population based study in Olmsted County, Minnesota. Gut 56: 
504–508. 

Pardi DS, Ramnath VR, Loftus EV, Jr., Tremaine WJ & Sandborn WJ (2002) 
Lymphocytic colitis: clinical features, treatment, and outcomes. Am J Gastroenterol 
97: 2829–2833. 

Pawlik A, Wrzesniewska J, Florczak M, Gawronska-Szklarz B & Herczynska M (2005) 
IL-6 promoter polymorphism in patients with rheumatoid arthritis. Scand J Rheumatol 
34: 109–113. 

Pociot F, Molvig J, Wogensen L, Worsaae H & Nerup J (1992) A TaqI polymorphism in 
the human interleukin-1 beta (IL-1 beta) gene correlates with IL-1 beta secretion in 
vitro. Eur J Clin Invest 22: 396–402. 

Polvi A, Arranz E, Fernandez-Arquero M, Collin P, Maki M, Sanz A, Calvo C, Maluenda 
C, Westman P, de la Concha EG & Partanen J (1998) HLA-DQ2-negative celiac 
disease in Finland and Spain. Hum Immunol 59: 169–175. 

Price P, Witt C, Allcock R, Sayer D, Garlepp M, Kok CC, French M, Mallal S & 
Christiansen F (1999) The genetic basis for the association of the 8.1 ancestral 
haplotype (A1, B8, DR3) with multiple immunopathological diseases. Immunol Rev 
167: 257–274. 

Rasinpera H, Savilahti E, Enattah NS, Kuokkanen M, Totterman N, Lindahl H, Jarvela I & 
Kolho KL (2004) A genetic test which can be used to diagnose adult-type 
hypolactasia in children. Gut 53: 1571–1576. 

Rask-Madsen J, Grove O, Hansen MG, Bukhave K, Scient C & Henrik-Nielsen R (1983) 
Colonic transport of water and electrolytes in a patient with secretory diarrhea due to 
collagenous colitis. Dig Dis Sci 28: 1141–1146. 

Raunio T, Nixdorf M, Knuuttila M, Karttunen R, Vainio O & Tervonen T (2007) The 
extent of periodontal disease and the IL-6(-174) genotype as determinants of serum 
IL-6 level. J Clin Periodontol.34: 1025–1030. 

Read NW, Krejs GJ, Read MG, Santa Ana CA, Morawski SG & Fordtran JS (1980) 
Chronic diarrhea of unknown origin. Gastroenterology 78: 264–271. 

Rook GA & Brunet LR (2005) Microbes, immunoregulation, and the gut. Gut 54: 317–320. 



 107

Rothman KJ (1990) No adjustments are needed for multiple comparisons. Epidemiology 1: 
43–46. 

Rotimi C, Leppert M, Matsuda I, Zeng C, Zhang H, Adebamowo C, Ajayi I, Aniagwu T, 
Dixon M, Fukushima Y, Macer D, Marshall P, Nkwodimmah C, Peiffer A, Royal C, 
Suda E, Zhao H, Wang VO & McEwen J (2007) Community engagement and 
informed consent in the International HapMap project. Community Genet 10: 186–
198. 

Sahi T (1994) Genetics and epidemiology of adult-type hypolactasia. Scand J 
Gastroenterol Suppl 202: 7–20. 

Salomaa-Rasanen A, Kosunen TU, Mattila J, Sarna S & Rautelin H (2004) Age-dependent 
accuracy of Helicobacter pylori antibody assays for adults, with special emphasis on 
atrophic gastritis. Clin Diagn Lab Immunol 11: 1185–1188. 

Sapp H, Ithamukkala S, Brien TP, Ayata G, Shaz B, Dorfman DM, Wang HH, Antonioli 
DA, Farraye FA & Odze RD (2002) The terminal ileum is affected in patients with 
lymphocytic or collagenous colitis. Am J Surg Pathol 26: 1484–1492. 

Sato S, Matsui T, Tsuda S, Yao T, Iwashita A, Takagi Y & Nishida T (2003) Endosocopic 
abnormalities in a Japanese patient with collagenous colitis. J Gastroenterol 38: 812–
813. 

Schluter B, Raufhake C, Erren M, Schotte H, Kipp F, Rust S, Van AH, Assmann G & 
Berendes E (2002) Effect of the interleukin-6 promoter polymorphism (-174 G/C) on 
the incidence and outcome of sepsis. Crit Care Med 30: 32–37. 

Sharif F, McDermott M, Dillon M, Drumm B, Rowland M, Imrie C, Kelleher S, Harty S & 
Bourke B (2002) Focally enhanced gastritis in children with Crohn's disease and 
ulcerative colitis. Am J Gastroenterol 97: 1415–1420. 

Sipponen P (2001) Update on the pathologic approach to the diagnosis of gastritis, gastric 
atrophy, and Helicobacter pylori and its sequelae. J Clin Gastroenterol 32: 196-202. 

Song M & Kellum JA (2005) Interleukin-6. Crit Care Med 33: S463–S465. 
Sveinsson OA, Orvar KB, Birgisson S, Agnarsdottir M & Jonasson JG (2008) Clinical 

features of microscopic colitis in a nation-wide follow-up study in Iceland. Scand J 
Gastroenterol 43:955–960. 

Tagore A, Gonsalkorale WM, Pravica V, Hajeer AH, McMahon R, Whorwell PJ, Sinnott 
PJ & Hutchinson IV (1999) Interleukin-10 (IL-10) genotypes in inflammatory bowel 
disease. Tissue Antigens 54: 386–390. 

Tarlow JK, Blakemore AI, Lennard A, Solari R, Hughes HN, Steinkasserer A & Duff GW 
(1993) Polymorphism in human IL-1 receptor antagonist gene intron 2 is caused by 
variable numbers of an 86-bp tandem repeat. Hum Genet 91: 403–404. 

Tervonen T, Raunio T, Knuuttila M & Karttunen R (2007) Polymorphisms in the CD14 
and IL-6 genes associated with periodontal disease. J Clin Periodontol 34: 377–383. 

Thomas PD, Forbes A, Green J, Howdle P, Long R, Playford R, Sheridan M, Stevens R, 
Valori R, Walters J, Addison GM, Hill P & Brydon G (2003) Guidelines for the 
investigation of chronic diarrhoea, 2nd edition. Gut 52 Suppl 5: v1–15. 

Toljamo KT, Niemela SE, Karvonen AL & Karttunen TJ (2005) Evolution of gastritis in 
patients with gastric erosions. Scand J Gastroenterol 40: 1275–1283. 



108 

Turner DM, Williams DM, Sankaran D, Lazarus M, Sinnott PJ & Hutchinson IV (1997) 
An investigation of polymorphism in the interleukin-10 gene promoter. Eur J 
Immunogenet 24: 1–8. 

Ung KA, Gillberg R, Kilander A & Abrahamsson H (2000) Role of bile acids and bile acid 
binding agents in patients with collagenous colitis. Gut 46: 170–175. 

Ung KA, Kilander A, Nilsson O & Abrahamsson H (2001) Long-term course in 
collagenous colitis and the impact of bile acid malabsorption and bile acid 
sequestrants on histopathology and clinical features. Scand J Gastroenterol 36: 601–
609. 

Ung KA, Kilander A, Willen R & Abrahamsson H (2002) Role of bile acids in 
lymphocytic colitis. Hepatogastroenterology 49: 432–437. 

United European Gastroenterology (2001) When is coeliac a coeliac. Report of a working 
group of the United European Gastroenterology Week in Amsterdam 2001. Eur J 
Gastroenterol Hepatol 13: 1123–1128. 

van der Veek, van den BM, de Kroon YE, Verspaget HW & Masclee AA (2005) Role of 
tumor necrosis factor-alpha and interleukin-10 gene polymorphisms in irritable bowel 
syndrome. Am J Gastroenterol 100: 2510–2516. 

Vare PO, Heikius B, Silvennoinen JA, Karttunen R, Niemela SE, Lehtola JK & Karttunen 
TJ (2001) Seroprevalence of Helicobacter pylori infection in inflammatory bowel 
disease: is Helicobacter pylori infection a protective factor? Scand J Gastroenterol 36: 
1295–1300. 

Vatay A, Bene L, Kovacs A, Prohaszka Z, Szalai C, Romics L, Fekete B, Karadi I & Fust 
G (2003) Relationship between the tumor necrosis factor alpha polymorphism and the 
serum C-reactive protein levels in inflammatory bowel disease. Immunogenetics 55: 
247–252. 

Veress B, Lofberg R & Bergman L (1995) Microscopic colitis syndrome. Gut 36: 880–886. 
Verkarre V, Asnafi V, Lecomte T, Serre PM, Leborgne M, Grosdidier E, Le Bihan C, 

Macintyre E, Cellier C, Cerf-Bensussan N & Brousse N (2003) Refractory coeliac 
sprue is a diffuse gastrointestinal disease. Gut 52: 205–211. 

Vilppula A, Kaukinen K, Luostarinen L, Krekela I, Patrikainen H, Valve R, Maki M & 
Collin P (2009) Increasing prevalence and high incidence of celiac disease in elderly 
people: a population-based study. BMC Gastroenterol 9: 49. 

Walker-Smith JA, Guandalini S, Schimtz J, Shmerling DH & Visakorpi JK (1990) Revised 
criteria for diagnosis of coeliac disease. Report of Working Group of European 
Society of Paediatric Gastroenterology and Nutrition. Arch Dis Child 65: 909–911. 

Wang KK, Perrault J, Carpenter HA, Schroeder KW & Tremaine WJ (1987) Collagenous 
colitis: a clinicopathologic correlation. Mayo Clin Proc 62: 665–671. 

Wickbom A, Nyhlin N, Eriksson S, Bohr J & Tysk C (2006) Collagenous colitis and 
lymphocytic colitis in Örebro, Sweden 1999–2004; a continuous epidemiological 
study. Gut 55: A111. 



 109

Wildt S, Munck LK, Vinter-Jensen L, Hanse BF, Nordgaard-Lassen I, Christensen S, 
Avnstroem S, Rasmussen SN & Rumessen JJ (2006) Probiotic treatment of 
collagenous colitis: a randomized, double-blind, placebo-controlled trial with 
Lactobacillus acidophilus and Bifidobacterium animalis subsp. Lactis. Inflamm Bowel 
Dis 12: 395–401. 

Williams JJ, Kaplan GG, Makhija S, Urbanski SJ, Dupre M, Panaccione R & Beck PL 
(2008) Microscopic colitis-defining incidence rates and risk factors: a population-
based study. Clin Gastroenterol Hepatol 6: 35–40. 

Wilson AG, Di Giovine FS, Blakemore AI & Duff GW (1992) Single base polymorphism 
in the human tumour necrosis factor alpha (TNF alpha) gene detectable by NcoI 
restriction of PCR product. Hum Mol Genet 1: 353. 

Wilson AG, Gordon C, Di Giovine FS, de VN, van de Putte LB, Emery P & Duff GW 
(1994) A genetic association between systemic lupus erythematosus and tumor 
necrosis factor alpha. Eur J Immunol 24: 191–195. 

Wilson AG, Symons JA, McDowell TL, McDevitt HO & Duff GW (1997) Effects of a 
polymorphism in the human tumor necrosis factor alpha promoter on transcriptional 
activation. Proc Natl Acad Sci U S A 94: 3195–3199. 

Woolley N, Mustalahti K, Maki M & Partanen J (2005) Cytokine gene polymorphisms and 
genetic association with coeliac disease in the Finnish population. Scand J Immunol 
61: 51–56. 

Wright SD, Ramos RA, Tobias PS, Ulevitch RJ & Mathison JC (1990) CD14, a receptor 
for complexes of lipopolysaccharide (LPS) and LPS binding protein. Science 249: 
1431–1433. 

Wu TT & Hamilton SR (1999) Lymphocytic gastritis: association with etiology and 
topology. Am J Surg Pathol 23: 153–158. 

Xavier RJ & Rioux JD (2008) Genome-wide association studies: a new window into 
immune-mediated diseases. Nat Rev Immunol 8: 631–643. 

Yazar A, Atis S, Konca K, Pata C, Akbay E, Calikoglu M & Hafta A (2001) Respiratory 
symptoms and pulmonary functional changes in patients with irritable bowel 
syndrome. Am J Gastroenterol 96: 1511–1516. 

 
 

  



110 

 



 111

Original publications 

This thesis is based on the following original articles, which are referred to in the 

text by their Roman numerals. 

I  Koskela RM, Niemela SE, Karttunen TJ & Lehtola JK (2004) Clinical characteristics 
of collagenous and lymphocytic colitis. Scand J Gastroenterol 39: 837–845. 

II  Koskela RM, Niemelä SE, Lehtola JK, Bloigu RS & Karttunen TJ (2011) 
Gastroduodenal mucosa in microscopic colitis. Scand J Gastroenterol 46: 567–576. 

III  Koskela RM, Karttunen TJ, Niemela SE, Lehtola JK, Ilonen J & Karttunen RA (2008) 
Human leucocyte antigen and TNFα polymorphism association in microscopic colitis. 
Eur J Gastroenterol Hepatol 20: 276–282. 

IV  Koskela RM, Karttunen TJ, Niemelä SE, Lehtola JK, Bloigu RS & Karttunen RA 
Cytokine gene polymorphisms in microscopic colitis. Association with IL-6-174 GG 
genotype. Eur J Gastroenterol Hepatol, in press. 

The original articles have been reprinted with the permission from the copyright 

holders: Taylor & Francis, Informa Healthcare (I,II), Lippincott Williams & 

Wilkins, Wolters Kluwer Health (III, IV) 

Original publications are not included in the electronic version of the dissertation. 

  



112 

 



A C T A  U N I V E R S I T A T I S  O U L U E N S I S

Book orders:
Granum: Virtual book store
http://granum.uta.fi/granum/

S E R I E S  D  M E D I C A

1079. Hietasalo, Pauliina (2010) Behavioral and economic aspects of caries control

1080. Jääskeläinen, Minna (2010) Apoptosis-regulating factors in developing and adult
ovaries

1081. Alahuhta, Maija (2010) Tyypin 2 diabeteksen riskiryhmään kuuluvien työikäisten
henkilöiden painonhallinnan ja elintapamuutoksen tunnuspiirteitä

1082. Hurskainen, Merja (2010) The roles of collagens XV and XVIII in vessel
formation, the function of recombinant human full-length type XV collagen and
the roles of collagen XV and laminin α4 in peripheral nerve development and
function

1083. Rasi, Karolina (2010) Collagen XV as a matrix organizer : its function in the heart
and its role together with laminin α4 in peripheral nerves

1084. Korkiakangas, Eveliina (2010) Aikuisten liikuntamotivaatioon vaikuttavat tekijät

1085. Mäkelä, Kari Antero (2010) The roles of orexins on sleep/wakefulness, energy
homeostasis and intestinal secretion

1086. Kuusikko-Gauffin, Sanna (2011) Social anxiety and emotion recognition in autism
spectrum disorders

1087. Peltola, Mirja (2010) Analysis of heart rate variability from 24-hour ambulatory
electrocardiographic recordings : significance of preprocessing of R-R interval
time series

1088. Levy, Anna (2011) Lääketieteen asiantuntijuus koulutuksen eri vaiheissa :
Lääketieteen opiskelijoiden yleisorientaatiot, käsitykset hyvän lääkärin ominai-
suuksista ja potilastyön hahmottumisesta

1089. Miettinen, Johanna (2011) Studies on bone marrow-derived stem cells in patients
with acute myocardial infarction

1090. Pyrhönen, Kaisa (2011) Food allergies and hypersensitivities among children in
South Karelia : occurrence, inheritance and seasonality

1091. Stefanius, Karoliina (2011) Colorectal carcinogenesis via serrated route

1092. Männistö, Tuija (2011) Maternal thyroid function during pregnancy : effects on
pregnancy, peri- and neonatal outcome and on later maternal health

1094. Solyom, Szilvia (2011) BRCA/Fanconi anemia pathway genes in hereditary
predisposition to breast cancer

1095. Kinnunen, Aino (2011) Collagen XVIII regulates basement membrane integrity :
specific effects of its isoforms on the choroid plexus, kidney and hair follicle



A
B
C
D
E
F
G

UNIVERS ITY OF OULU  P.O.B . 7500   F I -90014  UNIVERS ITY OF OULU F INLAND

A C T A  U N I V E R S I T A T I S  O U L U E N S I S

S E R I E S  E D I T O R S

SCIENTIAE RERUM NATURALIUM

HUMANIORA

TECHNICA

MEDICA

SCIENTIAE RERUM SOCIALIUM

SCRIPTA ACADEMICA

OECONOMICA

EDITOR IN CHIEF

PUBLICATIONS EDITOR

Senior Assistant Jorma Arhippainen

Lecturer Santeri Palviainen

Professor Hannu Heusala

Professor Olli Vuolteenaho

Senior Researcher Eila Estola

Director Sinikka Eskelinen

Professor Jari Juga

Professor Olli Vuolteenaho

Publications Editor Kirsti Nurkkala

ISBN 978-951-42-9414-3 (Paperback)
ISBN 978-951-42-9415-0 (PDF)
ISSN 0355-3221 (Print)
ISSN 1796-2234 (Online)

U N I V E R S I TAT I S  O U L U E N S I S

MEDICA

ACTA
D

D
 1097

AC
TA

R
itva K

oskela

OULU 2011

D 1097

Ritva Koskela

MICROSCOPIC COLITIS: 
CLINICAL FEATURES AND 
GASTRODUODENAL AND 
IMMUNOGENETIC FINDINGS

UNIVERSITY OF OULU, FACULTY OF MEDICINE,
INSTITUTE OF CLINICAL MEDICINE,
DEPARTMENT OF INTERNAL MEDICINE,
INSTITUTE OF DIAGNOSTICS,
DEPARTMENT OF PATHOLOGY,
DEPARTMENT OF MEDICAL MICROBIOLOGY


	Abstract
	Tiivistelmä
	Acknowledgements
	Abbreviations
	List of original articles
	Contents
	1 Introduction
	2 Review of the literature
	2.1 Microscopic colitis
	2.1.1 History and terminology
	2.1.2 Epidemiology
	2.1.3 Demographic features
	2.1.4 Clinical features
	2.1.5 Disease course and prognosis
	2.1.6 Associated diseases and extracolonic manifestations
	2.1.7 Diagnosis of MC
	2.1.8 The relationship of CC and LC
	2.1.9 Etiopathogenesis of MC
	2.1.10 Treatment of MC

	2.2 Other chronic inflammatory states in the gastrointestinalmucosa
	2.2.1 Celiac disease
	2.2.2 Inflammatory bowel disease
	2.2.3 Irritable bowel syndrome
	2.2.4 Gastritis

	2.3 Immunologic aspects of intestinal inflammation
	2.3.1 Gut related immunology
	2.3.2 Genetic variation behind the immune responses
	2.3.3 Cytokines and cytokine gene polymorphisms
	2.3.4 Major histocompatibility complex genes and human leukocyteantigens


	3 Purpose of the present study
	4 Subjects and methods
	4.1 Study subjects
	4.1.1 Patients
	4.1.2 Controls

	4.2 Clinical data
	4.3 Laboratory data
	4.4 Endoscopy
	4.5 Histopathology
	4.6 Statistical analysis

	5 Results
	5.1 Clinical aspects (I)
	5.1.1 Associated diseases and the use of medication
	5.1.2 CD
	5.1.3 Clinical laboratory parameters

	5.2 Endoscopy and histology (I,II)
	5.2.1 Colonoscopy and histology of colon and ileum mucosa (I)
	5.2.2 Gastroscopy and gastric mucosa (II)

	5.3 Immunological aspects (III, IV)
	5.3.1 HLA-DR3-DQ2 and HLA-DR4-DQ8 in MC (III)
	5.3.2 Cytokine gene polymorphism (III,IV)


	6 Discussion
	6.1 Methodological aspects (I-IV)
	6.2 Clinical characteristics of MC (I)
	6.3 Colonoscopy and histology of the colon and ileum (I)
	6.4 Gastroscopy and histology of gastric and duodenal mucosa (II)
	6.5 Immunological aspects (III, IV)
	6.6 Comparisons between CC and LC (I-IV)
	6.7 Comparisons concerning the association of CD to MC (I-IV)
	6.8 Comparisons of MC with IBD (I-IV)
	6.9 Comparisons of MC with IBS (I-IV)

	7 Summary and Conclusions
	References
	Original publications



