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Abstract

Background: Whereas the exact aetiology of microscopic colitis [MC] remains unknown, a 
dysregulated immune response to luminal factors or medications is the most accepted pathogenesis 
hypothesis.
Methods: We conducted a systematic review of the pathogenesis of MC. We applied the Joanna 
Briggs Institute methodologies and the PRISMA statement for the reporting of systematic reviews 
[PROSPERO Trial Identifier: CRD42020145008]. Populations, Exposure of interest, and Outcome 
[PEO] questions were used to explore the following topics in MC: 1] intestinal luminal factors; 2] 
autoimmunity; 3] innate immunity; 4] adaptive immunity; 5] extracellular matrix; 6] genetic risk 
factors; and  7] mechanism of diarrhoea. A  search was done in PubMed, Embase, and Web of 
Science up to February 2020. A narrative description was performed explaining the findings for 
each aspect of MC aetiopathogenesis. 
Results: Thirty-eight documents provided evidence for PEO1, 100 for PEO2, 72 for PEO3 and 4, 
38 for PEO5, 20 for PEO6, and 23 for PEO7. The majority of documents were cohorts, case reports, 
and case series, with a few case-control and some experimental studies. Consistency among 
data provided by different studies was considered to support pathogenetic hypotheses. MC is 
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a multifactorial disease believed to involve innate and adaptive immune responses to luminal 
factors, genetic risk, autoimmunity, and extracellular matrix alterations, all contributing by varied 
mechanisms to watery diarrhoea. 
Conclusions: This is the first systematic review on the aetiology of MC supporting the notion 
that MC is a multifactorial disease. However, high-profile studies are lacking, and most evidence 
derives from small heterogeneous studies.
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1.  Background

Microscopic colitis [MC] is a chronic immune-mediated disease of 
the colon with an overall incidence of 11.4 cases per 100 000 person-
years.1 It presents with chronic watery diarrhoea, associated with ab-
dominal pain, urgency, nocturnal diarrhea, and faecal incontinence,2 
leading to poor quality of life and increased health care costs. MC 
occasionally mimics irritable bowel syndrome [IBS], but presents 
clear signs of inflammation upon microscopic evaluation. Therefore, 
diagnosis is based on histological examination on stepped colonic 
biopsies of a macroscopically almost normal colon. The two major 
subtypes of this disease are collagenous colitis [CC] and lymphocytic 
colitis [LC].1,3 An incomplete MC can be also detected, sharing fea-
tures of both CC and LC.

Data on the pathogenesis of MC come from small studies often 
providing conflicting results.4–7 MC aetiology is unknown and prob-
ably multifactorial. The current hypothesis revolves around the 
interplay between luminal factors and innate and adaptive mucosal 
immunity, leading to gut barrier dysfunction and subtle inflamma-
tion in the colonic mucosa. Several investigators acknowledge some 
of these mechanisms responsible for primary MC, and drug-induced 
MC is considered a secondary disease.8–11

Several studies have addressed MC aetiology; 12–18 but no sys-
tematic review on MC pathogenesis has been performed to date. 
This study aims to systematically review evidences on MC patho-
genesis, to provide an integrative overview on intestinal luminal 
factors, autoimmunity, innate and adaptive immunity, extracellular 
matrix remodelling, genetic risk factors, and the mechanism of 
diarrhoea in MC.

2.  Methods

This review was performed by the European Microscopic Colitis 
Group [EMCG] according to the Joanna Briggs Institute methods19 
and the PRISMA statement for reporting systematic reviews.20 The 
objectives, inclusion criteria, and methods of analysis for this re-
view were specified in advance and registered in PROSPERO, the 
international Prospective Register of Systematic Reviews [www.
crd.york.ac.uk/PROSPERO; ID: CRD42020145008]. Data sources, 
search strategy, inclusion and exclusion criteria, study selection, 
methods for data synthesis, and reporting can be consulted in the 
Supplementary material, available as Supplementary data at ECCO-
JCC online. The results of this systematic review are presented as 
a narrative and graphical summary about the pathogenesis of MC 
from published literature. Consistency among data provided by dif-
ferent studies was considered to support pathogenetic hypotheses. 
Quantitative pooling of data [meta-analysis] was not performed as 
not enough comparable studies were found and not sufficient homo-
geneity arose in the data extracted.

3.  Results

The systematic review flow chart is shown in Figure 1. Some docu-
ments were shared between different Population, Exposure of 
interest, and Outcome [PEO] questions. This is the main reason 
why the exact numbers of documents excluded are not provided. 
However, the reasons to exclude a document consisted in: no full 
text available, narrative review, or metanalysis; no original data 
provided; not related to the PEO; wrong study arm; duplicated 
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information; or abstract with relevant data missing. Overall, 38 
studies were identified for PEO 1 [luminal factors], 100 for PEO 2 
[autoimmunity phenomena], 72 for PEO 3 and 4 [innate and adap-
tive immune response], 38 for PEO 5 [extracellular matrix remod-
elling], 20 for PEO 6 [genetics], and 23 for PEO 7 [mechanism of 
diarrhoea]. Most studies consisted of cohorts, case reports, and case 
series, with some case-control and experimental studies with great 
heterogeneity and few individuals included.

3.1.  Narrative description
3.1.1.  Are intestinal luminal factors involved in the 
pathogenesis of MC?
Numerous preclinical and clinical studies involving molecular 
techniques revealed changes in the microbiome and/or specific in-
trinsic luminal factors in MC patients. However, the evidence is 
mainly based on case-control and descriptive studies and provided 
heterogeneous and statistically underpowered results due to low 
numbers of patients. Patients with active CC or ongoing cortico-
steroid treatment had a specific faecal microbiome similar to that 
described in individuals with active inflammatory bowel disease 
[IBD], whereas the microbiome of CC patients in remission re-
sembled that of healthy controls, postulating that microbial alter-
ations may trigger common mechanisms in the pathogenesis of CC 
and IBD.21 A significantly higher abundance of pro-inflammatory 
sulphur-reducing Desulfovibrionales has been shown in colonic 
tissue samples from MC patients compared with healthy con-
trols. Actinomyces and Bacilli abundance were associated with 
medications (proton pump inhibitors [PPI] and nonsteroidal 
anti-inflammatory drugs [NSAID]) known to increase the risk of 
MC.22 Decreased levels of Akkermansia muciniphila were found 
in the faecal samples of 10 patients newly diagnosed with MC,23 
although this finding might be a consequence of diarrhoea and 
not specific of MC. 

The faecal microbiotic profile of CC patients differed from that of 
healthy individuals by a lower abundance of taxa belonging to the 
Ruminococcaceae family.24 Intriguingly, under-representation of 
Ruminococcaceae was previously associated with coeliac disease, 
suggesting a shared microbiome profile in these two entities. As 
intestinal bacteria affect mucosal immunogenicity,25 it is tempting 
to speculate that additional factors [e.g., NSAID, PPIs, smoking, 
stress, or diet]—which are frequently associated with microbiome 
alterations in the gut—contribute to MC development. For ex-
ample, NSAID, cyclo 3 fort, flutamide, lansoprazole, and 
ticlopidine were associated with LC, mediated through either cyto-
toxic mucosal mechanisms, antimetabolite effects, or drug allergy 
related to its use26; oral serum-derived bovine immunoglobulin/
protein isolate was effective in reducing stool frequency in MC 
patients27; faecal stream diversion induced clinical and histopatho-
logical remission in patients with CC,28 with recurrence of diar-
rhoea and abnormal collagen layer after closure of the ostomy. 
All these findings strongly indicate the pathogenetic importance 
of a noxious luminal factor. Also, Krogsgaard et al. found an al-
tered microbiome composition in MC patients, which was driven 
towards the composition in healthy controls after treatment with 
budesonide.29

A refractory CC patient who remained in remission for 
11 months after faecal microbiota transplantation [FMT] proced-
ures has been reported; changes in the profile of intraepithelial and 
lamina propria lymphocyte subsets were documented after therapy, 
as a proof of the immunomodulatory effect of FMT, further sup-
porting the involvement of colonic microbiota in the pathogenesis 
of CC.30 In contrast, de novo onset of MC after FMT for recurrent 
Clostridioides difficile infection in previously healthy people has 
also been reported,31,32 indicating that a foreign microbiome could 
dysregulate immune and responses, chemotaxis of lymphocytes to 
the affected area and increase bacterial metabolite production. In 
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Figure 1. PRISMA diagram of microscopic colitis [MC] pathogenesis systematic review.
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addition, new-onset microscopic colitis in an ulcerative colitis [UC] 
patient after FMT transplantation has been also reported.33

Other luminal factors such as bile acids have been reported 
to trigger mucosal inflammation in people with abnormal ex-
pression of aquaporin channels and intracellular abnormalities, 
including altered expression of bile acid transporter and nuclear 
receptors.34

Overall, these are all small studies which only give a clue about 
a possible role of the microbiota and luminal factors of various 
sources in MC [Figure 2], and much larger studies are necessary to 
unravel their role in MC pathogenesis.

Importantly, as the microbiome structure in MC has been evalu-
ated both during the acute phase of the disease and in patients 
under treatment, it should be borne in mind that the latter has a 
great impact on the intestinal ecosystem. As previously said, multiple 
drugs have a potential impact on both taxonomic and functional 
aspects.35,36 Taking this ‘pharmaco-microbiome’ issue into account, 
studies in treatment-naïve MC patients are also needed.

3.1.1.1.  Conclusion
Microbiome and specific luminal factors might play an important 
role in the pathogenesis of MC. An altered composition of the micro-
biota and/or its metabolites has been linked to mucosal inflamma-
tion in MC, but microbiome-oriented research on the MC phenotype 
has only recently been recognised. More research is needed to eluci-
date the link between the source, the type and role of luminal gastro-
intestinal factors, and the pathogenesis of MC.

3.1.2.  Is autoimmunity a key pathogenicetic factor in MC?
An autoimmune response triggered by an unidentified luminal 
antigen coming from the ileal stream [from infectious agents, dietary 
components or additives, drugs, or of another nature] is a widely ac-
cepted hypothesis in the pathogenesis of MC. Case-control studies or 
case descriptions have provided evidence pointing to autoimmunity 

as a main characteristic in the development of MC, based on four 
type of findings: the association of MC with conditions which in-
volve immune dysregulation and share common human leukocyte 
antigen [HLA] haplotypes; the presence of autoantibodies in some 
patients; the predominance of MC among elderly women; and its 
ability to respond to corticosteroids.4,37–39 The presence of drug or 
food allergy among MC patients also suggests a hypersensitivity re-
sponse.40 Whether the association of autoimmune diseases with MC 
is due to an underlying autoimmune condition influencing both the 
gut and other organs, or whether increased bowel permeability al-
lows antigens to cause cross-reactivity, still needs to be elucidated.41 
Illustratively, there is a case of MC debuting after a severe acute 
diverticulitis episode that supports the theory of enteric immuno-
logical stimulation and subsequent autoimmunity.42

Concomitant immune-mediated or autoimmune disorders are 
found in up to 50% of MC patients, including coeliac disease, auto-
immune thyroid disorders, type 1 diabetes mellitus, rheumatoid 
arthritis, psoriasis, Takayasu’s arteritis, and autoimmune hepatitis, 
among others.5,39,43–48 Although reported in both CC and LC, auto-
immune disorder might be more commonly associated with CC.4 In 
Table 1 all immune-mediated diseases found to be associated to MC 
are listed, with prevalence estimated according to available evidence.

3.1.2.1.  Coeliac disease
MC patients have an 50- to 70-fold increased risk for coeliac dis-
ease compared with the general population49,50; similar HLA variants 
[DQ2] and haplotypes [8.1] provide risk for coeliac disease and MC, 
primarily CC.51,52 Three-quarters of MC patients who present Marsh 
1 duodenal histology and express HLA DQ2 [4/23] respond to a 
gluten-free diet.53 Conversely, 4.3% of coeliac patients prospectively 
followed over 25 years were diagnosed with MC; these tended to be 
older and with greater duodenal atrophy,49 thus indicating that MC 
is more frequently diagnosed among coeliac patients [64%] than 
vice versa [25%]. The association of MC and coeliac disease suggests 
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Figure 2. Luminal factors in microscopic colitis [MC].
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similarities in the pathogenesis of both conditions, but simple epi-
demiological overlap cannot be excluded.38

3.1.2.2.  Thyroid disorders
Autoimmune hypothyroidism is the most common, and also the 
most prevalent in women with MC. A Swedish cross-sectional study 
showed that symptomatic thyroid disorders were almost three times 
more frequent in MC (odds ratio [OR] 2.98), with no differences 
found for subclinical disease. Patients with MC showed lower titres 
of antithyroid peroxidase antibodies [10.6%] compared with con-
trols [18.6%].8 In addition, patients with Hashimoto’s thyroiditis 
can present lymphocytic infiltration of the colon, concordant with 
LC.54

3.1.2.3.  Articular manifestations
Joint manifestations are so common in MC patients that some au-
thors suggest considering MC, especially CC, as one of the causes 

of enteropathic arthritis and taking into account MC as a cause of 
diarrhoea in patients with autoimmune arthropathy.7

3.1.2.4.  Autoantibodies
An increased prevalence of serum antinuclear antibodies, IgM, 
antigliadin IgA, anti-endomysial, and anti-Saccharomyces cerevisiae 
[ASCA] was found in early studies on CC.4–7 Larger studies com-
paring MC patients and healthy controls did not reproduce this 
findings, however.8,10,55 Contrary to UC, a lower proportion of 
MC patients present antineutrophil cytoplasmic antibodies p 
[p-ANCA].56,57 Some of them showed predominantly perinuclear 
immunofluorescence staining.57 Unlike coeliac disease, the presence 
of antireticulin antibodies is low in MC patients.58

No useful clinical marker for MC has been identified so far.59 
Positive ASCA found in some MC patients is considered a non-specific 
epiphenomenon resulting from intestinal barrier disturbances. 
Autoantibodies in MC might correspond to concomitant autoimmune 

Table 1. Summary of immune-mediated diseases associated with microscopic colitis[MC].

Prevalence Disease References

Very common [≥1⁄10] None
Common [frequent] [1/100 to 1⁄10] Coeliac disease 4,6,39,45,47,49,50,53,61,195–206

Autoimmune thyroid disease 4,5,7,8,39,45–47,59,61,198,199,205,207,208
Type 1 diabetes mellitus 4,9,39,45,46,61,209
Rheumatoid arthritis 4,5,9,46,59,61,205,210–217
Ankylosing spondylitis/spondyloarthropathy 45,206,214,218–223.  

No association224:
Seronegative polyarthritis 41,213,225
Systemic or cutaneous lupus erythematosus 39,45,59,61,226–228
CREST syndrome/systemic sclerosis/scleroderma 61,229–234
Sjögren’s syndrome 7,39,45,48,59,61,235,236
Psoriasis/psoriatic arthritis 4,39,45,46,61,237–239

Uncommon [infrequent] [1/1000 to 1⁄100] Pyoderma gangrenosum 210,240–243
Temporal arteritis 4,7,206,244
Dermatomyositis 39,61,245,246
Recurrent idiopathic uveitis 39,205
Polymyalgia rheumatica 4,39,61,205
Raynaud’s syndrome 39,48,61
Autoimmune gastritis 37,208,247
Immunoglobulin deficiencies 208,209,248–250
Primary sclerosing cholangitis 4,205,251
Autoimmune hepatitis 48,252
Vitiligo 39
Alopecia areata 39,45
Documented allergies [drugs or food] or asthma 39,40
Wegener’s granulomatosis 61
Myasthenia gravis 7
Sarcoidosis 39
Sacroileitis 253
Takayasu’s arteritis 43
Guillain-Barre syndrome 39
Mixed connective tissue disease 39,61
Bechet’s syndrome 61
Multiple sclerosis 39,205
Autoimmune polyglandular syndrome 205

Rare to very rarea [<1/10000 to 1⁄1000] Pulmonary fibrosis 254
SAPHO syndrome 255
Prurigo nodularis 256
Collagenous sprue 257
Cutaneous polyarteritis nodosa 258

CREST, calcinosis, Raynaud’s phenomenon, oesophageal dysmotility, sclerodactyly, and telangiectasia; SAPHO, synovitis, acne, pustulosis, hyperostosis, osteitis.
aThey are considered rare diseases when there is only one reported case.
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disorders and are definitely not associated with symptoms.9 Some drugs 
used to treat autoimmune diseases are suspected to induce MC,60–62 as 
suggested in patients with MC and thyroid disorders, where introduc-
tion of levothyroxine preceded MC onset in most cases.8

3.1.2.5.  Conclusion
There is no direct evidence to date that autoimmunity may be a key 
pathogenetic element in MC, although some evidence suggests it 
could be partially involved. No useful clinical marker for the disease 
has yet been identified.

3.1.3.  Is innate immunity altered in MC?
The innate immune system represents the body’s first line of de-
fence. It reacts immediately to damage and generally set adaptive 
responses. The innate and adaptive immune systems highly interact 
and interdepend on each other. There is scarce knowledge about the 
involvement of innate immunity in MC, but some evidence is avail-
able [Figure 3].

3.1.3.1.  Physiological barriers
Physiological barriers in the colon are represented by epithelial release 
of mucus, enzymes, and peptides with antimicrobial activity. Among 
the latter is nitric oxide [NO], a gaseous signalling molecule with 
antimicrobial properties, synthesised from L-arginine by NO syn-
thase [NOS]. After being secreted, NO diffuses across cell membranes 
and causes oxidative damage to invading pathogens, thus changing 
microbial composition. NO also regulates multiple cell functions 
including vasodilation and cell migration, proliferation, differenti-
ation, and apoptosis, and mediates inflammation. NO levels in co-
lonic lumen and plasma are found to be increased in both CC and 
LC and correlate with clinical activity in both conditions.63,64 Three 
major isoforms of NOS are described: the neuronal [nNOS], endothe-
lial [eNOS], and inducible [iNOS]. Innate immune cells [neutrophils, 
macrophages, NK cells] and intestinal epithelial cells express iNOS 
and these cell types are thus known sources of NO, as already shown 
by Tagkalidis et al.65 who found increased expression of iNOS mRNA 
in both CC and LC. Upregulation of iNOS mRNA in CC has recently 
been reproduced.66 Colonic epithelial cells have been shown to be 
the main source of iNOS in CC, with inconsistent data provided in 
LC.64,67 Patients with ‘minimal colitis’ [findings resembling incomplete 
microscopic colitis] had increased iNOS in basal crypt epithelial cells 
and in macrophages.68 In CC, the level of iNOS mRNA was found to 
correlate with the degree of inflammation and clinical activity, and 
treatment with budesonide reduces the iNOS mRNA expression in co-
lonic mucosa of CC patients.69 Several cytokines induce iNOS expres-
sion and NO production. Epithelial cells in active CC show activated 
NFκB68 and increased recruitment of transcriptionally active p65 to 
the iNOS promotor activating transcription, underlining the role of 
the epithelium in NO production.

Lysozyme, another antimicrobial compound, is upregulated 
in both CC and LC,70 indicating a reaction to luminal agents. 
Lysozyme is expressed in colonic epithelial cells, metaplastic Paneth 
cells, and infiltrating macrophages. In particular, there seem to be 
more lysozyme-rich metaplastic Paneth cells in CC compared with 
LC. In CC the macrophages were located both above and below 
the thickened collagen band, whereas in LC they were located just 
underneath the surface epithelium. Overall, altered expression of 
antimicrobial compounds like NO and lysozyme may indicate that 
luminal microbes are involved in the pathogenesis of MC.

3.1.3.2.  Anatomical barriers
Intact anatomical barriers are required to preserve the immuno-
logical balance in the gut. Detachment of surface colonic epithelium 
is a hallmark in patients with MC.71 Mucosal barrier defects with in-
creased permeability have been demonstrated in ex vivo models. They 
were restored after faecal stream diversion and decreasing mucosal 
inflammation, but recurred with restoration of bowel continuity.72 
Barmeyer73 also demonstrated epithelial barrier dysfunction in LC 
with reduced gene expression of claudin 4, 5, and 8. Downregulated 
expression of the tight junction proteins, E-cadherin and zonula 
occludens-1 [ZO-1],65 as well as occludin and claudin-4,74 has been 
demonstrated in CC and LC patients, thus resulting in impaired bar-
rier function and increased probability of influx of microorganisms 
or harmful agents into the mucosa. Single nucleotide polymorphisms 
[SNPs] in tight junction genes [PTEN, MAGI1, and F11R] were as-
sociated with MC risk,75 and decreased expression of PTEN and 
MGAI1 were associated with CC and LC, respectively.

3.1.3.3.  Innate immune cells
Neutrophils and eosinophils inconsistently infiltrate the mu-
cosa in both CC and LC.71,76 Increased activities in both faecal 
myeloperoxidase [MPO] and eosinophil cationic protein [ECP], and 
also increase in MPO and eosinophil protein X [EPX], are found 
in rectal perfusates in CC patients and have been shown as an in-
direct measure of neutrophilic and eosinophilic inflammation.75–78 
Increased eosinophil infiltration and degranulation is found in CC 
compared with controls79; eosinophils show increased activity in CC 
samples, but not neutrophils,80 which was restored after budesonide 
therapy.

Mast cells have been shown to be involved in MC, with increased 
cell numbers in the colonic mucosa compared with controls.81,82 As 
an indirect measure of mast cell activation, metyl-histamine levels 
were increased in urine but, intriguingly, not in plasma of MC 
patients.83

3.1.3.4.  Humoral components
Chemokines, cytokines, prostaglandins, and complement components: 
Several
everal innate-derived cytokines and interleukins [IL] have been 
studied in MC. By using nanostring techniques, Liu et al. performed 
expression profiling in a cohort of CC patients and found altered ex-
pression of inflammatory chemokines and their receptors, affecting 
CCL11, CXCL5, 8, and 9, and CCR10, 3, 5, 7, and 8, as well as 
CXCR2, 3, and 6. Chemokines CCL7, 8, and 16 and CXCL12, 13, 
and XCL1 gene expressions were downregulated in CC compared 
with healthy controls.66 Single-cell gene expression in 5 MC [not 
distinguishing LC and CC] patients found two cell clusters unique for 
MC with characteristics of epithelial cells that showed upregulated 
expression of the innate immunity-related genes CXCL11, ISG15, 
and NOS2 [coding for iNOS].84 As for cytokines, increased mRNA 
expression of those characteristic of innate immune cells; tumour 
necrosis factor [TNF]α and IL-8 were found in LC mucosa, but 
IL-1β, IL-10, and IL-12/23 were not detected.85 Increased protein 
levels of TNF-α were detected in all subtypes of colitis [CC, LC, UC] 
compared with healthy controls, whereas increase in IL-1β and IL-6 
was only found in CC samples.86 In addition, serum IL-6 concentra-
tions were higher in patients with CC than in those with LC, thus 
supporting a difference in the pathogenetic mechanisms between 
the two subgroups of MC. An SNP in the IL6 gene [IL-6–174 GG], 
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probably associated with enhanced IL-6 production, was more fre-
quent in patients with MC compared with non-MC controls.87

A broad panel of chemokines were later separately screened 
in CC and LC mucosal biopsies: significantly enhanced gene and/
or protein expression was found for CCL2, 3, 4, 5, 7, and 22, 
CXCL8, 9, 10, 11, and CX3CL and their receptors CCR2, 3, and 4, 
CXCR1 and 2, and CX3CR1. Histological remission downregulated 
chemokine expression to normal in CC patients, but not in LC, in 
which chemokine levels after treatment remained comparable to ac-
tive disease.88

In CC, vascular endothelial growth factor [VEGF] expression 
was found to be increased in both colonic epithelium and lamina 
propria; budesonide-induced symptomatic remission reduced VEGF 
in lamina propria but not in the epithelium.89 The authors speculated 
whether increased VEGF affects the formation of the subepithelial 
collagen band in CC through its ability to suppress tissue in-
hibitor of metalloproteinase [TIMP-1], thereby increasing matrix 
metalloprotease [MMP]-1 activity. Colonic perfusates, but not 
serum samples, from patients with active disease showed increased 
VEGF.90 In patients with active disease, an increased VEGF expres-
sion was demonstrated in lamina propria fibroblasts. Connective 
tissue growth factor [CTGF], which also plays a role in fibrotic dis-
orders, was studied in CC and LC. CTGF transcripts were increased 
in CC compared with LC, and its expression was located in fibro-
blasts at the subepithelial band in CC, and scattered in lamina pro-
pria cells and along the endothelium.91

Changes in arachidonic acid metabolism has been associ-
ated with MC, after finding overexpression of cyclooxygenase-2 
[COX-2] located in the macrophages in CC, as also found in UC 
and Crohn’s disease. Increased COX-2 was also demonstrated by 
immunohistochemical staining in both CC and LC.92–94 The mRNA 
of prostaglandin E4 receptor was found upregulated in colonic mu-
cosa of LC.85 Involvement of the complement system involved in MC 
has been demonstrated by the finding of increased mRNA expres-
sion of complement factor B.68 However, C3 and C4 levels were not 
significantly different in CC and healthy controls.95

3.1.3.5.  Innate immune receptors
Toll-like receptor [TLR] signalling was as a preliminary investigated 
in MC by assessing key downstream regulators: increased expression 
of miR-155 and miR-21 was demonstrated in CC, and active LC pre-
sented upregulated IRAK-M, miR-146a, and miR-21 compared with 
controls,30 overall indicating increased TLR signalling. CD1d is a 
molecule belonging to the major histocompatibility complex [MHC] 
class I-like family, presenting glycolipids from microbial surfaces to 
NK cells. Reduced expression of CD1d compared with controls was 
found in colonic epithelium of CC and LC.96

3.1.3.6.  Conclusion
There is evidence that several components of the innate immune 
system are involved in the pathogenesis of MC; these are summed 
up in Figure 3. However, the exact role of involvement is not known 
and there is no evidence that changes in innate immunity primarily 
cause MC.

3.1.4.  Is adaptive immunity altered in MC?
The intestinal mucosa is the largest lymphoid organ, with high 
numbers of activated immune cells. Compared with IBD, immune 
changes in MC are more subtle, although an increasing number of 
studies describe changes in local immune responses [Figure 3].

3.1.4.1.  Cell subset distribution in the lamina propria
Colonic lymphocytes were thoroughly characterised by flow 
cytometry, immunohistochemistry, and real-time polymerase chain 
reaction [RT-PCR].97–100 In LC, the vast majority of CD8+ lamina 
propria lymphocytes [LPL] were conventional T cells expressing 
TCRαβ and CD8αβ, and their proportion compared with controls 
was not increased. In CC, the proportion of proliferating Ki67+, as 
well as activated/memory CD45RO+CD8+ cells, increased signifi-
cantly. Elevated proportions of CD45RO+CD4+ T cells in lamina 
propria were found in CC patients, and both CC and LC patients 
had higher proportions of Ki67+CD4+ LPL. No changes were noted 
in CD4+8+ double-positive [DP], CD19+ B cells, Ki67+CD19+ cells, 
nor CD38++CD138+ plasma cells.97 An increased proportion of CD8+ 
and a decrease in lamina propria CD4+ T cells were confirmed by 
immunohistochemistry; CD45RO+, FoxP3+, and CD30+ cells were 
also more abundant. Increased areas of CD20+ B lymphocytes, albeit 
scarce, were demonstrated.98 CD25+FoxP3+ cells were found in the 
lamina propria of 63% of LC and 70% of CC patients.102 Increased 
CD8+/FoxP3+ ratios in both LC and CC were also reported, being 
highest in the latter.102

3.1.4.2.  Cell subset distribution in the epithelium
Increased numbers of colonic CD3+ intraepithelial lymphocytes 
[IELs] were found in MC, being higher in LC than in CC.102,103 
These cells were predominantly CD8+.96,102, 104,105 Increased num-
bers CD3+ T lymphocytes have been also described in the terminal 
ileum.106 CD8+ IEL in MC patients were predominantly conventional 
TCRαβ +CD8αβ + T cells. Proliferating Ki67+CD8+ IELs were signifi-
cantly increased in CC but not LC patients, with no differences in 
memory type CD45RO+CD8+ IELs.97 CC patients presented increased 
proportions of CD4+8+ DP IELs. Reduced proportions of CD4+ IELs 
were found in in LC compared with CC, with no different expres-
sions of CD45RO, CD45RA, or Ki67.97 Immunohistochemistry con-
firmed these data, demonstrating increased numbers of CD8+ and 
decreased CD4+ IELs. CD45RO+, FoxP3+, and Ki67+ cells were all 
more abundant within the epithelium.98

CC patients also presented with significantly higher numbers of 
cells expressing MUM1/IRF4 protein, found on activated T cells, 
committed B cells, and plasma cells.107

3.1.4.3.  Colonic cell subset distribution not divided into IELs 
and LPLs
Increased proportions of CD8+ and a reduction in CD4+ T cells were 
found in LC patients, together with significantly increased propor-
tions of TCRγδ + cells among the CD4+ subset. Double-negative 
[DN] CD4-CD8- T cells were higher in both LC and CC, whereas a 
lower proportion of CD4+CD8+T cells was found in LC compared 
with CC and controls.99,100 A  trend towards higher proportions of 
CD25+FoxP3+ T cells in both CC and LC, and a decrease of late 
apoptotic and dead/necrotic T lymphocytes, were also noted.100 
Increased proportions of CD8+ and CD4+ T lymphocytes, both with 
reduced expression of CD69, were demonstrated by flow cytometry 
in CC patients. Budesonide treatment normalised CD69 expres-
sion.80 A  case report of a CC patient undergoing repeated FMTs 
found no major changes in the proportions of CD4+ and CD8+ 
lamina propria T cells from baseline compared with after the second 
FMT. However, the proportion of both CD4+ and CD8+ CD45RO+ 
activated/memory cells decreased, whereas naïve CD45RA+ T cells 
increased or remained unchanged, respectively. Proliferating Ki67+ 
CD4+ and CD8+ T cells were increased, as well as CD4+FoxP3+ Treg, 
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whereas CD8+FoxP3+ Treg decreased. Within the epithelium, CD8+ T 
cells decreased and CD4+ T cells increased.30

Single-cell RNA sequencing and digital mRNA quantification in 
colonic biopsies revealed two clusters of cells unique for MC pa-
tients: one representing an epithelial cell population, the other rep-
resenting CD8+ CTLs characterised by high expression of CD3D, 
CD8A, NKG7, PRF1, and CD7 genes,84 corroborating findings from 
previous studies.

3.1.4.4.  Other types of T cell distribution analyses
T cell receptor excision circles [TRECs] levels reflect the amount of 
recent thymic emigrants. In MC, TRECs were reduced in colonic 
biopsies, indicating local expansion of resident T cells rather than T 
cell migration to inflammation sites.108

Targeted next generation sequencing demonstrated that both MC 
and UC patients showed an oligoclonal TCRβ distribution in the 
colon and a distinctive diversity between CC, LC, and UC patients, 
suggesting different pathophysiological mechanisms.109 LC patients 
showed less diverse and less evenly distributed TRBV-J combinations 
with reduced richness compared with controls and CC, indicating a 
more selective T cell response in LC toward certain antigens.109

3.1.4.5.  Th/Tc1 and Th/Tc17 deviation in MC?—cells, cytokines, 
and gene transcripts
Colonic mucosa of both LC and CC presented an upregulated gene 
expression of IFN-γ, TNF-α, and IL-15 compared with controls,65,85 
a non-significant trend for upregulating IL-10, and no changes in 
IL-2, IL-4, and IL-5, with no differences between LC and CC.86 
A mixed Th1/Th17 and Th1/Tc1 cytokine profile was reported, with 
significantly upregulated mRNA but not protein levels of IFN-γ and 
IL-12, in both CC and LC. mRNA levels for IL-17A, IL-21, IL-22, 
and IL-6 were all significantly upregulated in both CC and LC pa-
tients, and correlated with higher numbers of bowel movements per 
day. Significantly enhanced IL-21 protein levels were also noted in 
both groups.86

After in vitro culture, higher levels of IL-10, but not TGF-β 
mRNA and secreted protein, was found in both LC and CC colonic 
samples.99 Additional studies of CC patients revealed enhanced ex-
pression of genes involved in inducing [IL-12A, IL-12B, IL-12Rβ1] 
and executing [IFN-γ, TIGIT, TBX21] Th1 immunity, but also 
FoxP3 involved in immune modulation. Differently from IBD, IL-22, 
IL-22RA2, and TNF-α expressions were unchanged.66

To investigate the impact of soluble factors from the colonic 
mucosa, peripheral blood CD4+ T cells were polyclonally activated 
in the absence or presence of conditioned media from colonic bi-
opsies from CC patients or controls: the production of both pro-
inflammatory [IFN-γ, IL-17A, IL-6, IL-1β] and anti-inflammatory 
[IL-4 and IL-10] cytokines was significantly enhanced, and a trend 
towards reduced inhibition of T cell proliferation was observed in 
the presence of conditioned media from CC patients.110

Upregulated gene expression93 and immunohistochemical 
staining100 of IL-17 and IFN-γ were found in both CC and LC co-
lonic biopsies, but flow cytometry showed decreased proportions of 
Th1 and Th17 cells.99 A positive correlation between the number of 
daily stools and mRNA levels of IL-15, IL-17, and IFN-γ, but not 
cell proportions or protein levels, was found.100 Gene expression of 
IL-23 was also increased in both LC and CC.100

In a case report, faecal stream diversion in a CC patient signifi-
cantly reduced mucosal protein levels of IL-2, IL-17A, IL-23, TNF, 
IFN-γ, IL-4, IL-5, IL-10, and IL-13, whereas IL-21 remained un-
changed. After restoration of bowel continuity, symptoms relapsed 

and IL-2, IL-23, and IL-21 levels increased to higher levels than be-
fore faecal stream diversion.111

A study of MC patients who evolved into IBD demonstrated 
increased numbers of cells expressing IFN-γ, T-bet, TNF-α, and 
GATA-3, but not IL-17 or RORc compared with MC-resolved cases. 
Former LC patients had more TNF-α + and RORc+ cells than former 
CC patients. The increased ratio of mucosal T effector/Treg lympho-
cytes seemed to be the key characteristic feature of MC patients sub-
sequently transforming to IBD.112

3.1.4.6.  Transcription factor expression
The T helper/cytotoxic cell differentiation into different subtypes 
is regulated by different transcription factors. In colonic biopsies 
from LC, all IELs were CD8+, 10–20% of which expressed the 
Th2-associated GATA-3 and the remaining the Th1-associated 
T-bet.113 Among the lamina propria T cells [65–70% CD4+; 
30–35% CD8+] the majority of the CD4+ T cells were GATA-
3+, and T-bet and GATA-3 were expressed at a similar frequency 
by the CD8+ T cells. T-bet was also found to be significantly en-
hanced in CC patients, and there was a tendency [p  =  0.0055] 
in LC patients.86 Thus, LC shows features of a mixed Th1/Th2 
immune response.

3.1.4.7.  Antibody levels
The only paper that investigated serum antibody levels reported 
higher IgM in CC, with no differences found for other Ig isotypes.5 
Therefore so far there are no data to support significant changes in 
antibody levels in MC.

3.1.4.8.  Drug-induced MC and treatment of MC with 
immunotherapy
NSAID- and PPI-induced MC has been covered in the first PEO. 
Acarbose induced LC in a patient with increased expression of 
CD25 and HLA-DR.114 Immune checkpoint inhibitors, targeting 
natural brakes in the adaptive immune system, are used to enhance 
antitumour immunity. Several reports have described development 
of MC following this therapy.115–117 Also, vedolizumab [anti-integrin-
α4β7] successfully induced remission in two CC patients by modu-
lating the lymphocyte trafficking into the gut mucosa.118,119

3.1.4.9.  Conclusion
A large number of studies have described changes in adaptive im-
mune responses in MC, but it is difficult to clearly recognise a 
pattern. Studies have focused on T lymphocytes, and most report 
increased proportions of CD8+ but reduced or unchanged propor-
tions of CD4+ T cells, both subsets showing activated phenotypes. 
Most studies indicate a predominance of cytokines and/or transcrip-
tion factors associated with Th1 and Th17 [or CD8+ Tc1 and Tc17] 
responses. Some studies support LC and CC being two different 
entities.

3.1.5.  Are extracellular matrix remodelling [ECM] alterations 
involved in MC?
The presence of a subepithelial collagen band represents the land-
mark to differentiate CC from LC.120 Capillaries, fibroblasts, eo-
sinophils, mast cells, inflammatory cells, and increased numbers of 
lymphocytes can be found within this collagen band,121–126 some of 
these cells mediating abnormal collagen deposition.79,88,122–124,127–130 
The composition of the subepithelial collagen band has provided 
heterogeneous findings:131,132 some reports mostly identified type VI 
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collagen, and others demonstrated type I and III subtypes. Whereas 
the former points towards a primary alteration in collagen syn-
thesis,125,127 the latter represents a repair attempt after chronic in-
flammatory damage.16,125 Immunohistochemical staining and in situ 
hybridisation analyses on the immediate pericryptal ECM compos-
ition suggest that pericryptal myofibroblasts express minor amounts 
of collagen types I, III, and VI in the deep parts of the crypts,123 
whereas they express and deposit increased amounts of type VI 
collagen in the upper pericryptal areas and the subepithelium, 
which suggests deposits of physiological products of subepithelial 
myofibroblasts.127

Tenascins were also identified together with collagen.127 Although 
they are weakly expressed in normal mucosa, non-specific chronic 
inflammation and, in LC,127,133 prominent tenascin immunostaining 
[measuring 12–28 μm] were found in the collagen band character-
ising CC,133–135 which can be used as routine staining in suspected 
CC. Other ECM components, such as laminin and fibronectin, were 
not expressed or distributed uniformly in the lamina propria of 
normal and inflamed tissues, thus failing as diagnostic markers for 
CC.133

The factors that trigger chronic inflammation and the subse-
quent collagen accumulation in CC remain unclear. Inflammation 
preceding fibrosis appears mandatory, but contributes little to its 
progression. Therefore, the mechanisms that regulate fibrosis and 
inflammation appear to be different,129,136 and collagen abnormally 
accumulates exclusively in CC, despite LC also involving chronic 
inflammation. Better understanding of the cellular and molecular 
mechanisms underlying fibrosis is changing the conception of in-
testinal fibrosis as an inevitable and irreversible process of chronic 

intestinal inflammation, including MC.129,136 Faecal stream diver-
sion represents a model of the reversibility of collagen deposition 
in CC.28,137,138 As stated previously, temporary ileostomy and faecal 
stream diversion significantly downregulated pro-inflammatory 
and profibrotic cytokine expression, including IL-1β, IL-6, IL-12, 
IL-17A, IL-23, TNF-α, INF-γ, IL-4, IL-5, and IL-13; restoration of 
intestinal continuity led to clinical relapse and histological recur-
rence, and to several cytokines being upregulated [IL-23, IL-2, and 
IL-21].111

An abnormal collagen deposition depends on the balance be-
tween the production and degradation of ECM proteins [Figure 4]. 
ECM is produced by a transient or permanent numerical expansion 
of activated myofibroblasts, which are modulated by profibrotic and 
antifibrotic factors.122,124,127,129,136,139,140 Numerous pro-inflammatory 
and profibrogenic cytokines are overexpressed both in CC and LC, 
including TNF-α, IFN-γ, IL-15, IL-6, IL-1β, IL-21, IL-22, IL-12, 
IL-23, and IL-17A.15,65,86,87,99 In contrast, IL-37, a newly described 
member of the IL-1 family which exerts anti-inflammatory effects 
by suppressing innate immune responses through attenuating the 
production of TLR agonist-induced inflammatory cytokines, is 
downregulated in MC.141

Several growth factors, cytokines, chemokines, products of 
oxidative stress, components of the renin-angiotensin system. and 
angiogenic factors, as well as NO, are involved in intestinal fibrosis 
in IBD.129,136,140 Which of these mediators triggers and maintains ac-
cumulation of subepithelial collagen in CC is unknown. The differ-
ences in mucosal profile of T cells and cytokines between LC and 
CC may partly explain differences in subepithelial collagen pattern 
between both MC variants.99
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ECM is degraded by MMP; a fine balance between MMP 
and TIMP determines ECM deposition. In addition to promoting 
ECM turnover, MMPs degrade a variety of non-matrix substrates 
including chemokines, cytokines, growth factors, and junctional 
proteins. Thus, MMPs are increasingly recognised as essential com-
ponents in the inflammatory response and in fibrogenesis.127,129,140 
Thereby, the imbalance due to reduced MMP activity and/or in-
creased TIMP expression leads to excessive ECM deposition and 
fibrosis. Specific factors involved in collagen deposition in CC have 
been identified. TGF-β and TIMP-1 expression are upregulated in 
the colonic mucosa of patients with CC as compared with healthy 
controls,128,142 and smoking, which is disproportionately associ-
ated with CC compared with LC,143–145 has been shown to directly 
upregulate TGF-β and TIMP-1.146 PPI, another risk factor for CC, 
have been shown to increase the expression of profibrogenic factors 
ssuch as TGF-β and FGF-2. PPI also downregulate the expression of 
replication factor C1 [RFC1], a negative regulator of collagen pro-
duction, resulting in increased production of collagen III and IV, in 
association with lipid peroxide.147 Connective tissue growth factor 
[CTGF], the downstream effector of TGF-β, was markedly increased 
in the subepithelial tissue of CC samples.91 CTGF colocalises in areas 
with excessive collagen deposition, suggesting it acts as an end-stage 
mediator of local fibrosis in CC.

Mucosal secretion and expression of basic fibroblast growth 
factor [bFGF] is markedly increased in CC patients,148 which pro-
motes fibroblasts’ proliferation and differentiation. A  strong ex-
pression of VEGF within the epithelium, inflammatory cells, and 

fibroblasts compared with normal controls is found in CC.89,90 
VEGF enhances angiogenesis, mitogenesis, permeability, and fi-
brosis. As stated previously, prostaglandins are also involved in CC. 
COX-1 is constitutively expressed and its prostaglandins are in-
volved in maintaining gastrointestinal integrity. In contrast, COX-2 
is induced by a variety of stimuli [including cytokines, growth fac-
tors, and hormones] and its prostaglandins contribute to inflamma-
tion. Increased amount and activity of COX-2 are found in CC,93,94 
a persistent inhibition of which promotes myofibroblast-associated 
fibrosis.149,150 This provides an explanation for the increased risk of 
MC, and especially of CC, with the use of NSAID.151,152

MMPs play an important role in tissue remodelling during 
chronic colitis.153 Differential expression MMPs has been involved 
in abnormal accumulation of collagen in CC. Among the MMPs, 
MMP-1 and MMP-9 seem relevant in CC.66,142 A restricted MMP-1 
expression, counteracted by increased TIMP-1 expression, suggests 
locally impaired fibrolysis in CC,142 and a defective activation of 
MMP-9 CC further contributes to collagen deposition.154,155

The thickness of the collagen band in CC does not correlate with 
duration and severity of symptoms nor with clinical response to 
treatment, according to results of clinical trials1 [Table 2].

3.1.5.1.  Conclusion
ECM components, especially collagen, are markedly increased in 
CC, but not in LC. However, their pathogenetic role is unclear. The 
activation of myofibroblasts, the imbalance between profibrotic and 
antifibrotic molecules, including cytokines, chemokines, growth 

Table 2. Results of randomised controlled trials in collagen colitis: effects of treatments on changes in the thickness of the collagen band.

Authors, year 
[ref.]

No. of patients in 
treatment groups

Treatment 
duration

Clinical response/remission 
[Active drug vs placebo]

Significant reduction 
of inflammation grade

Significant reduc-
tion of collagen 
band thickness

Wildt S, 2006162 Probiotics: 21a 12 weeks 29% No No
Placebo: 8 13%

Madisch A, 
2007163

Boswellia serrata: 16 6 weeks 44% No No
Placebo: 15 27%

Baert F, 2002156 Budesonide [9 mg/
day]: 14

8 weeks 57% Yes No

Placebo: 14 21%
Bonderup OK, 
2003157

Budesonide [9 mg/
day]: 10

8 weeks 100% Yes Yes

Placebo: 10 20%
Miehlke S, 
2002158

Budesonide [9 mg/
day]: 23

6 weeks 87% Yes No

Placebo: 22 14%
Bonderup OK, 
2009159

Budesonide [6 mg/
day]: 14b

24 weeks 76% Yes Data not reported

Placebo: 14 12%
Miehlke S, 
2014160

Budesonide [9 mg/
day]: 30

8 weeks 80% Yes Data not reported

Mesalamine [3 g/
day]: 25

32%

Placebo: 37 38%
Miehlke S, 
2008161

Budesonide [6 mg/
day]: 23c

6 months 74% Yes Yes

Placebo: 23 35%

aLactobacillus acidophilus and Bifidobacterium animalis subsp. lactis BB12.
b34/42 collagenous colitis [CC] patients who achieved clinical remission after 6 weeks’ induction therapy with budesonide [9 mg/day] were subsequently ran-

domised to maintenance therapy with budesonide [6 mg/day] or placebo.
c46/48 collagenous colitis [CC] patients who achieved clinical remission after 6 weeks’ induction therapy with budesonide [9 mg/day] were subsequently ran-

domised to maintenance therapy with budesonide [6 mg/day] or placebo.
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factors, MMP, and TIMP, contribute in multiple ways to subepithelial 
collagen deposition in CC. The thickness of the subepithelial col-
lagen band does not correlate with symptoms’ duration or severity. 
Response to treatment does not correlate with collagen band thick-
ness in CC.

3.1.6.  Are there genetic risk factors in MC?
Genetic predisposition to MC has been scarcely evaluated. Classical 
twin [monozygotic vs dizygotic] or large population-based studies 
have been lacking, though first-degree familial clustering has been 
described, also in the context of other autoimmune disorders.164–169 
A recent nationwide survey in Sweden provided further evidence of 
familial aggregation in MC, as well increased prevalence of comorbid 
autoimmune diseases with known genetic origin [UC, coeliac dis-
ease, rheumatic and thyroid diseases].75

Genetic predisposition to MC has been studied in the past 
mainly through candidate-gene approaches, including the HLA re-
gion, nucleotide-binding oligomerisation domain-containing protein 
2 [NOD2], TNF, adrenergic receptor alpha 2A [ADRA2A], MMP-
9, IL6, FERM domain containing 4B [FRMD4B], serotonin trans-
porter solute carrier family 6 member 4 [SLC6A4], and phosphatase 
and tensin homologue [PTEN].6,38,53,75,87,154,170–174 However, reported 
associations from all these studies were at best of borderline signifi-
cance, based on sample sizes as small as a few dozens of individ-
uals, and lacked replication. Whereas the analysis of hundreds of 
thousands of individuals is becoming the norm in modern genetic 
studies of complex diseases, none of these studies can be considered 
conclusive, and they may only contribute to a historical perspective 
of genetic investigations in MC. On the contrary, compelling evi-
dence has been obtained for a role of the HLA region and the ex-
tended haplotype 8.1 in the pathogenesis of MC, particularly CC. 
HLA alleles encoded from this haplotype and known to be relevant 
to other immune-mediated disorders [HLA-DQ2 in coeliac disease, a 
known comorbidity in MC, as exposed before] were initially studied 

in small surveys from the late 1990s,6,38,53,171 where preliminary evi-
dence of association was reported. A more recent multicentre study 
from Sweden and Germany unequivocally demonstrated haplo-
type 8.1 association with collagenous colitis, reporting array-based 
[Immunochip] analyses focused on immune-related genes in sev-
eral hundred patients.49 This study also highlighted partial genetic 
overlap with inflammatory bowel diseases Crohn’s disease and UC, 
based on enrichment of concordant genetic risk effects at immune-
related loci. These findings were further corroborated in subsequent 
large analyses.175 The latest large research related to this topic has 
been published outside the current period of this systematic re-
view.176 Of note, a later survey from the same group highlighted how 
HLA associations may be CC-specific, as they were not observed in 
a cohort of patients with adequate statistical power to detect them 
also in LC.50 Although this is an observation that requires confirm-
ation in larger datasets, it is important because it may provide im-
portant clues as to a differential aetiopathogenesis of the two major 
MC subtypes.

3.1.6.1.  Conclusion
Compelling evidence indicates that genetic risk factors play a role 
in MC, although these appear to be confined to the HLA region. 
Subtype-specific [CC vs LC] HLA associations may be of value to 
identify pathogenetic mechanisms of disease predisposition, and to 
contribute to genotype-driven CC and LC patient stratification.

3.1.7.  What is the mechanism of diarrhoea in MC?
Mechanisms of watery diarrhoea in MC are poorly understood, 
and might respond to one or a combination of the following: [1] 
osmosis; [2] reduced absorption or increased active secretion; [3] 
passive leakage flow due to impaired epithelial barrier [e.g. swollen 
from denuded mucosa, congenital or acquired epithelial barrier defi-
ciency]; and [4] abnormal motility. Indeed, excluding abnormal mo-
tility and increased active secretion, the pathogenetic pathways of 

Table 3. Main pathophysiological mechanisms of diarrhoea in patients with active microscopic colitis.

Major evidence Study type MC Patients  
involved

Plausible clinical 
relevance

Osmotic
A normal stool weight [<200 g/day] is restored by fasting177 and the 
faecal osmotic gap is abnormal only in some MC patients177,178

Cohort177 and case-control 
study178 

67 +/-

Secretory
A decrease in net absorptive fluxes of sodium and chloride was found 
in CC74 and faecal sodium and chloride concentrations are increased 
in either CC or LC.178 Active electrogenic chloride secretion is also 
present in CC74

Case-control studies74,178 66 ++

Leak flux
Transmembrane strand-forming proteins of the colonic epithelial tight 
junction [E-cadherin, occluding, and claudins] and epithelial resistance 
are diminished in both CC and LC65,74,182

Case-control studies65,74,182,185–189 33 +

Dysmotility
The role of abnormal motility in the watery diarrhoea of patients with 
MC is uncertain and poorly investigated

No full-text article Missing data Unknown

Bile acid malabsorption
Bile acid malabsorption is common in patients with either CC or LC, 
and more plausible during relapse185–189

Cohort185,187 and case-control 
study186,188,189

149 +

Aquaporins
Expression of colonic water-selective channel aquaporine 8 is de-
creased in CC patients190

Case-control study190 40 +

MC, microscopic colitis; CC, collagenous colitis; LC,lymphocytic colitis; 
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watery diarrhoea are generally driven by osmotic forces. Aquaporin 
dysregulation has been recently proposed as a novel potential diar-
rhoeal mechanism. Bile acid malabsorption might play a role by 
preventing water absorption and increasing water secretion through 
intracellular mediators or increased permeability. Table 3 summar-
izes these mechanisms.

3.1.7.1.  Osmosis
Pure osmotic diarrhoea stops during fasting; stool analysis reveals a 
wide osmotic gap. Osmotic diarrhoea usually associates with small 
bowel involvement with nutrient malabsorption, two conditions that 
have never been demonstrated in MC. However, some cases of active 
CC patients restore a normal stool weight [<200 g/day] by fasting 
only,177 and the faecal osmotic gap in MC patients has been shown 
variable.177,178 An altered intestinal bacterial fermentation with ac-
cumulation of osmotically active organic anions could secondarily 
cause osmotic diarrhoea in MC.

3.1.7.2.  Reduced absorption
A marked decrease in the absorptive net flow of sodium and chloride 
is observed in CC compared with healthy subjects.74 Epithelial Na+ 
channels are inhibited in human sigmoid colon of LC patients com-
pared with controls, despite aldosterone stimulation.179 Consistently, 
faecal sodium and chloride concentration are significantly increased 
in these patients.178 As stated previously, iNOS are induced in the 
epithelium of MC, therefore NO levels are increased in LC and 
CC.64,65 In addition to mediating inflammation, NO may exert secre-
tory actions180 and impair colonic absorption of fluid.181

3.1.7.3.  Increased secretion
A slight active electrogenic chloride secretion has been suggested in 
CC patients.74

3.1.7.4.  Leak flux
Colonic epithelial resistance was found reduced in both CC and 
LC, related to a decreased expression of epithelial tight junction 
transmembrane strand-forming proteins [E-cadherin, occludin, and 
claudins].65,74,182 Epithelial apoptosis is normally seen in MC patients 
but it does not contribute to barrier dysfunction.74,182 Leak flux in 
MC represents a passive mechanism, secondary to active inflamma-
tion and epithelial barrier dysfunction.

3.1.7.5.  Abnormal motility
A role for abnormal motility in the watery diarrhoea of patients with 
MC is uncertain and poorly investigated.182–184

3.1.7.6.  Bile acid malabsorption
Bile acid malabsorption is found in 27–70% of patients with CC and 
LC.185–187 Bile acids eincrease water secretion and prevent water ab-
sorption, by acting through intracellular mediators or altering intra-
cellular and epithelial barrier permeability.188 Reduced ileal reuptake 
of bile acids is found in CC, which normalises after controlling dis-
ease activity.189 Whether bile acid diarrhoea is a consequence of in-
flammation in the right colon [or the terminal ileum] or a coexisting 
disorder is still unclear.

3.1.7.7.  Aquaporins
Aquaporin dysregulation has recently been suggested to be involved 
in watery diarrhoea in CC.190 Aquaporins are transmembrane 

proteins that work as water-selective channels to regulate water 
absorption and homeostasis in colonic and other cells. A decreased 
expression of colonic aquaporin-8 in active CC patients compared 
with healthy controls has been shown; expression improved in cul-
tured cell lines following corticosteroid treatment.

3.1.7.8.  Conclusion
Evidence suggests a multifactorial cause for watery diarrhoea in ac-
tive MC, with secretory mechanisms appearing dominant. The re-
duced absorption of electrolytes [mainly Na+] and water together 
with an increased secretion of Cl- appear prominent in inducing 
diarrhoea in patients with active MC. Colorectal mucosal inflam-
mation is directly responsible for both reduced water absorption 
and increased secretion, which are corrected after anti-inflammatory 
treatment-induced disease remission.

4.  Discussion

The amount of knowledge available on the pathogenesis of MC is 
scarce compared with other immune-mediated gastrointestinal dis-
orders. Most data derive from low-profile studies, such as case series 
or experimental studies with small numbers of individuals. However, 
MC is as frequent as IBD and considerably impairs the patients’ 
quality of life.

This review systematically assessed current evidence on MC 
pathophysiology and provided a narrative report. Its major 
strengths include exhaustive literature searches in Pubmed, 
Embase, and Web of Science. Different researchers selected refer-
ences per PEO with independent extraction of data from studies, 
reducing the inclusion bias. No restrictions were used on language 
or time frame. Limitations of this research to be acknowledged 
is that a quantitative pooling of data was not possible because 
lack of enough comparable studies and heterogeneous results. At 
the time of wrapping up collected data and writing the paper, 
new studies on MC pathogenesis are being published, which ad-
dress the relevance of aquaporins,190 faecal microbiota transfer 
effects,191 the relevance of intestinal dysbiosis,192 apoptosis phe-
nomena in paediatric patients with LC and genetic mutations 
associated with autoimmune entheropathy,193 the expansion of 
FoxP3+ T helper cells,194 and a role for the HLA haplotype 8.1 
in additional case-control samples176 and much larger population-
based cohort.175 In an emerging field as MC, the key question—
what is the pathogenesis of MC—remains and the breakthrough 
study is yet to come.

In conclusion, MC is a multifactorial disease with insufficient re-
search performed so far to address its pathogenesis. A big knowledge 
gap remains, which should be filled with high-quality research.

5.  Research Agenda

This systematic review has revealed that knowledge gaps should 
be addressed by the following future research proposals: [a] 
microbiota’s role, composition, and metabolic function in active, in-
active, and treatment-naïve MC; [b] physical barriers in MC, and 
its regulation by iNOS and additional molecules; [c] cytokines that 
trigger and maintain subepithelial collagen deposition in CC; [d] 
anti-inflammatory mechanisms that block gene expression in MC 
to prevent IBD development; [e] dysmotility as potential cause of 
watery diarrhoea in MC patients; [f] genetic predisposition to MC, 
including large-scale genetic studies exploring genetic variation at 
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the whole-genome level and comparing CC and LC subtypes; [g] 
identification and impact of aquaporins blockers and stimulators on 
chronic diarrhoea.

Funding
This work was supported by the European Microscopic Colitis Group 
[EMCG]. EHH was supported by the Faculty of Medicine and Health, Örebro 
University and the Örebro University Hospital Research Foundation. AEØ was 
supported by grants from the Liaison Committee between the Central Norway 
Regional Health Authority and the Faculty of Medicine and Health Sciences 
at NTNU [Norway], the Liaison Committee between St Olav’s University 
Hospital and Faculty of Medicine and Health Science at NTNU [Norway].

Conflict of Interest
All authors declare that there is no conflict of interest .

Author Contributions
YZ coordinated the systematic review. YZ, GT, EHH, KS-Z, GL, AEØ, WM, 
Md’A performed the systematic review and wrote the original manuscript. AA 
gave statistical support. YZ, EHH, KS-Z, GL, and AEØ designed the figures. 
KS-Z edited the figures. SM, AM, FF-B, and AJL performed a critical review of 
the manuscript, with important intellectual contribution. All authors approved 
the final version of the manuscript.

Supplementary Data
Supplementary data are available at ECCO-JCC online.

References
 1. Miehlke S, Guagnozzi D, Zabana Y, et al. European guidelines on micro-

scopic colitis: United European Gastroenterology [UEG] and European 
Microscopic Colitis Group [EMCG] statements and recommendations. 
United Eur Gastroenterol J 2020. doi: 10.1177/2050640620951905.

 2. Münch  A, Sanders  DS, Molloy-Bland  M, Hungin  APS. Undiagnosed 
microscopic colitis: a hidden cause of chronic diarrhoea and a fre-
quently missed treatment opportunity. Frontline Gastroenterol 
2020;11:228–34.

 3. Fernández-Bañares  F, Casanova  MJ, Arguedas  Y, et  al.; Spanish 
Microscopic Colitis Group [SMCG]. Current concepts on microscopic 
colitis: evidence-based statements and recommendations of the Spanish 
Microscopic Colitis Group. Aliment Pharmacol Ther 2016;43:400–26.

 4. Holstein A, Burmeister J, Plaschke A, Rosemeier D, Widjaja A, Egberts EH. 
Autoantibody profiles in microscopic colitis. J Gastroenterol Hepatol 
2006;21:1016–20.

 5. Bohr J, Tysk C, Yang P, Danielsson D, Järnerot G. Autoantibodies and im-
munoglobulins in collagenous colitis. Gut 1996;39:73–6.

 6. Fine  KD, Do  K, Schulte  K, et  al. High prevalence of celiac sprue-like 
HLA-DQ genes and enteropathy in patients with the microscopic colitis 
syndrome. Am J Gastroenterol 2000;95:1974–82.

 7. Roubenoff R, Ratain J, Giardiello F, et al. Collagenous colitis, enteropathic 
arthritis, and autoimmune diseases: results of a patient survey. J Rheumatol 
1989;16:1229–32.

 8. Gustafsson RJ, Roth B, Lantz M, Hallengren B, Manjer J, Ohlsson B. A 
cross-sectional study of subclinical and clinical thyroid disorders in women 
with microscopic colitis compared with controls. Scand J Gastroenterol 
2013;48:1414–22.

 9. Roth B, Manjer J, Ohlsson B. Microscopic colitis is associated with several 
concomitant diseases. Drug Target Insights 2013;7:19–25.

 10. Roth B, Gustafsson RJ, Ohlsson B. Auto-antibodies and their association 
with clinical findings in women diagnosed with microscopic colitis. PLoS 
One 2013;8:e66088.

 11. Beaugerie  L, Pardi  DS. Review article: drug-induced microscopic col-
itis ‐ proposal for a scoring system and review of the literature. Aliment 
Pharmacol Ther 2005;22:277–84.

 12. Gentile N, Yen EF. Prevalence, pathogenesis, diagnosis, and management 
of microscopic colitis. Gut Liver 2018;12:227–35.

 13. Münch A, Langner C. Microscopic colitis: clinical and pathologic perspec-
tives. Clin Gastroenterol Hepatol 2015;13:228–36.

 14. Park T, Cave D, Marshall C. Microscopic colitis: a review of etiology, treat-
ment and refractory disease. World J Gastroenterol 2015;21:8804–10.

 15. Pisani LF, Tontini GE, Vecchi M, Pastorelli L. Microscopic colitis: what do 
we know about pathogenesis? Inflamm Bowel Dis 2016;22:450–8.

 16. Stampfl DA, Friedman LS. Collagenous colitis: pathophysiologic consider-
ations. Dig Dis Sci 1991;36:705–11.

 17. van Hemert S, Skonieczna-Żydecka K, Loniewski I, Szredzki P, Marlicz W. 
Microscopic colitis ‐ microbiome, barrier function and associated diseases. 
Ann Transl Med 2018;6:39.

 18. Miehlke  S, Verhaegh B, Tontini GE, Madisch A, Langner C, Münch A. 
Microscopic colitis: pathophysiology and clinical management. Lancet 
Gastroenterol Hepatol 2019;4:305–14.

 19. Joanna Briggs Institute. Aromataris  E, Munn  Z, editors. Joanna Briggs 
Institute Reviewer’s Manual. Adelaide, SA: Joanna Briggs Institute; 2014. 

 20. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred 
reporting items for systematic reviews and meta-analyses: the PRISMA 
statement. PLoS Med 2009;6:e1000097.

 21. Carstens A, Dicksved J, Nelson R, et al. The gut microbiota in collagenous 
colitis shares characteristics with inflammatory bowel disease-associated 
dysbiosis. Clin Transl Gastroenterol 2019;10:e00065.

 22. Millien V, Rosen D, Hou J, Shah R. Proinflammatory sulfur-reducing bac-
teria are more abundant in colonic biopsies of patients with microscopic 
colitis compared with healthy controls. Dig Dis Sci 2019;64:432–8.

 23. Fischer H, Holst E, Karlsson F, et al. Altered microbiota in microscopic 
colitis. Gut 2015;64:1185–6.

 24. Carstens A, Dicksved J, Nelson R, et al. Intestinal dysbiosis in collagenous 
colitis. Gastroenterology 2015;148:S715.

 25. Caminero  A, Galipeau  HJ, McCarville  JL, et  al. Duodenal bacteria 
from patients with celiac disease and  healthy subjects distinctly af-
fect gluten breakdown  and  immunogenicity. Gastroenterology 
2016;151:670–83.

 26. Cappell MS. Colonic toxicity of administered drugs and chemicals. Am J 
Gastroenterol 2004;99:1175–90.

 27. Shafran  I, Burgunder  P, Bertot  A. Oral serum-derived bovine immuno-
globulin/protein isolate [SBI] in a large, single center experience improves 
symptomatology in patients with inflammatory bowel disease and irritable 
bowel syndrome. Am J Gastroenterol 2014;109:S541–S2.

 28. Järnerot G, Bohr J, Tysk C, Eriksson S. Faecal stream diversion in patients 
with collagenous colitis. Gut 1996;38:154–5.

 29. Rindom Krogsgaard L, Kristian Munck L, Bytzer P, Wildt S. An altered 
composition of the microbiome in microscopic colitis is driven towards 
the composition in healthy controls by treatment with budesonide. Scand 
J Gastroenterol 2019;54:446–52.

 30. Günaltay S, Rademacher L, Hultgren Hörnquist E, Bohr J. Clinical and 
immunologic effects of faecal microbiota transplantation in a patient with 
collagenous colitis. World J Gastroenterol 2017;23:1319–24.

 31. Fasullo MJ, Al-Azzawi Y, Abergel J. Microscopic colitis after fecal micro-
biota transplant. ACG Case Rep J 2017;4:e87.

 32. Parekh  R, Ramesh  M, Tang  J. Lymphocytic colitis in patients with re-
current clostridium difficile colitis: case series. Am J Gastroenterol 
2016;111:S1308.

 33. Tariq R, Smyrk T, Pardi DS, Tremaine WJ, Khanna S. New-onset micro-
scopic colitis in an ulcerative colitis patient after fecal microbiota trans-
plantation. Am J Gastroenterol 2016;111:751–2.

 34. Vijayvargiya P, Camilleri M. Update on bile acid malabsorption: finally 
ready for prime time? Curr Gastroenterol Rep 2018;20:10.

 35. Maier L, Pruteanu M, Kuhn M, et al. Extensive impact of non-antibiotic 
drugs on human gut bacteria. Nature 2018;555:623–8.

 36. Weersma RK, Zhernakova A, Fu J. Interaction between drugs and the gut 
microbiome. Gut 2020;69:1510–9.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/16/1/143/6323311 by SESC

AM
 C

astilla La M
ancha user on 18 February 2022

https://doi.org/10.1177/2050640620951905


Microscopic Colitis Pathogenesis 157

 37. Bohr J, Tysk C, Eriksson S, Abrahamsson H, Järnerot G. Collagenous col-
itis: a retrospective study of clinical presentation and treatment in 163 
patients. Gut 1996;39:846–51.

 38. Koskela RM, Karttunen TJ, Niemelä SE, Lehtola JK, Ilonen J, Karttunen RA. 
Human leucocyte antigen and TNFalpha polymorphism association in 
microscopic colitis. Eur J Gastroenterol Hepatol 2008;20:276–82.

 39. Olesen M, Eriksson S, Bohr J, Järnerot G, Tysk C. Lymphocytic colitis: a 
retrospective clinical study of 199 Swedish patients. Gut 2004;53:536–41.

 40. Nikolla Z, Gourineni V, O’Keefe K, Tiniakou E, Abdelsayed G, Taubin H. 
Microscopic colitis: is it an allergic phenomenon? Am J Gastroenterol 
2012;107:S205.

 41. Erlendsson  J, Fenger  C, Meinicke  J. Arthritis and collagenous colitis. 
Report of a case with concomitant chronic polyarthritis and collagenous 
colitis. Scand J Rheumatol 1983;12:93–5.

 42. Halsey  K, Reichelderfer  M, Callicott  RW, Schwartz  DC. Collagenous 
colitis presenting after orthotopic liver transplantation for alpha-1-
antitrypsin deficiency. Dig Dis Sci 2007;52:217–9.

 43. Kanıtez  NA, Toz  B, Güllüoğlu  M, et  al. Microscopic colitis in patients 
with Takayasu’s arteritis: a potential association between the two disease 
entities. Clin Rheumatol 2016;35:2495–9.

 44. Pardi DS, Smyrk TC, Tremaine WJ, Sandborn WJ. Microscopic colitis: a 
review. Am J Gastroenterol 2002;97:794–802.

 45. Vigren L, Tysk C, Ström M, et al. Celiac disease and other autoimmune 
diseases in patients with collagenous colitis. Scand J Gastroenterol 
2013;48:944–50.

 46. Madisch  A, Miehlke  S, Bartosch  F, Bethke  B, Stolte  M. [Microscopic 
colitis: clinical presentation, treatment and outcome of 494 patients.] Z 
Gastroenterol 2014;52:1062–5.

 47. Wickbom A, Nyhlin N, Montgomery SM, Bohr J, Tysk C. Family history, 
comorbidity, smoking and other risk factors in microscopic colitis: a case-
control study. Eur J Gastroenterol Hepatol 2017;29:587–94.

 48. Cronin  EM, Sibartie  V, Crosbie  OM, Quigley  EM. Autoimmune hepa-
titis in association with lymphocytic colitis. J Clin Gastroenterol 
2006;40:648–50.

 49. Green PH, Yang J, Cheng J, Lee AR, Harper JW, Bhagat G. An association 
between microscopic colitis and celiac disease. Clin Gastroenterol Hepatol 
2009;7:1210–6.

 50. Matteoni  CA, Goldblum  JR, Wang  N, Brzezinski  A, Achkar  E, 
Soffer EE. Celiac disease is highly prevalent in lymphocytic colitis. J Clin 
Gastroenterol 2001;32:225–7.

 51. Westerlind  H, Mellander  MR, Bresso  F, et  al. Dense genotyping of 
immune-related loci identifies HLA variants associated with increased risk 
of collagenous colitis. Gut 2017;66:421–8.

 52. Westerlind  H, Bonfiglio  F, Mellander  MR, et  al. HLA associations dis-
tinguish collagenous from lymphocytic colitis. Am J Gastroenterol 
2016;111:1211–3.

 53. Fernández-Bañares  F, Esteve  M, Farré  C, et  al. Predisposing HLA-DQ2 
and HLA-DQ8 haplotypes of coeliac disease and associated enteropathy 
in microscopic colitis. Eur J Gastroenterol Hepatol 2005;17:1333–8.

 54. Cindoruk M, Tuncer C, Dursun A, et al. Increased colonic intraepithelial 
lymphocytes in patients with Hashimoto’s thyroiditis. J Clin Gastroenterol 
2002;34:237–9.

 55. Roth  B, Ohlsson  B. Gastrointestinal symptoms and psychological 
well-being in patients with microscopic colitis. Scand J Gastroenterol 
2013;48:27–34.

 56. Freeman  HJ. Perinuclear antineutrophil cytoplasmic antibodies in 
collagenous or lymphocytic colitis with or without celiac disease. Can J 
Gastroenterol 1997;11:417–20.

 57. Duerr  RH, Targan  SR, Landers  CJ, Sutherland  LR, Shanahan  F. Anti-
neutrophil cytoplasmic antibodies in ulcerative colitis. Comparison with 
other colitides/diarrheal illnesses. Gastroenterology 1991;100:1590–6.

 58. Greenson  JK, Giardiello  FM, Lazenby  AJ, Peña  SA, Bayless  TM, 
Yardley  JH. Antireticulin antibodies in collagenous and lymphocytic 
[microscopic] colitis. Mod Pathol 1990;3:259–60.

 59. Barta  Z, Mekkel  G, Csípo  I, et  al. Microscopic colitis: a retrospective 
study of clinical presentation in 53 patients. World J Gastroenterol 
2005;11:1351–5.

 60. Carmack SW, Lash RH, Gulizia JM, Genta RM. Lymphocytic disorders of 
the gastrointestinal tract: a review for the practicing pathologist. Adv Anat 
Pathol 2009;16:290–306.

 61. Pardi  DS, Ramnath  VR, Loftus  EV Jr, Tremaine  WJ, Sandborn  WJ. 
Lymphocytic colitis: clinical features, treatment, and outcomes. Am J 
Gastroenterol 2002;97:2829–33.

 62. Fernández-Bañares F, Esteve M, Espinós JC, et al. Drug consumption and 
the risk of microscopic colitis. Am J Gastroenterol 2007;102:324–30.

 63. Lundberg JO, Herulf M, Olesen M, et al. Increased nitric oxide production 
in collagenous and lymphocytic colitis. Eur J Clin Invest 1997;27:869–71.

 64. Olesen M, Middelveld R, Bohr J, et al. Luminal nitric oxide and epithelial 
expression of inducible and endothelial nitric oxide synthase in collagenous 
and lymphocytic colitis. Scand J Gastroenterol 2003;38:66–72.

 65. Tagkalidis PP, Gibson PR, Bhathal PS. Microscopic colitis demonstrates a 
T helper cell type 1 mucosal cytokine profile. J Clin Pathol 2007;60:382–7.

 66. Liu  Q, Harpaz  N. Expression profiling of inflammatory and immuno-
logical genes in collagenous colitis. J Crohns Colitis 2019;13:764–71.

 67. Perner A, Andresen L, Normark M, et al. Expression of nitric oxide syn-
thases and effects of L-arginine and L-NMMA on nitric oxide production 
and fluid transport in collagenous colitis. Gut 2001;49:387–94.

 68. Andresen  L, Jørgensen  VL, Perner  A, Hansen  A, Eugen-Olsen  J, Rask-
Madsen  J. Activation of nuclear factor kappaB in colonic mucosa from 
patients with collagenous and ulcerative colitis. Gut 2005;54:503–9.

 69. Bonderup  OK, Hansen  JB, Madsen  P, Vestergaard  V, Fallingborg  J, 
Teglbjaerg  PS. Budesonide treatment and expression of inducible nitric 
oxide synthase mRNA in colonic mucosa in collagenous colitis. Eur J 
Gastroenterol Hepatol 2006;18:1095–9.

 70. Rubio  CA. Lysozyme expression in microscopic colitis. J Clin Pathol 
2011;64:510–5.

 71. Langner C, Aust D, Ensari A, et al.; Working Group of Digestive Diseases 
of the European Society of Pathology [ESP] and the European Microscopic 
Colitis Group [EMCG]. Histology of microscopic colitis ‐ review with a 
practical approach for pathologists. Histopathology 2015;66:613–26.

 72. Münch A, Söderholm JD, Wallon C, Ost A, Olaison G, Ström M. Dynamics 
of mucosal permeability and inflammation in collagenous colitis before, 
during, and after loop ileostomy. Gut 2005;54:1126–8.

 73. Barmeyer C, Erko I, Fromm A, et al. Ion transport and barrier function are 
disturbed in microscopic colitis. Ann N Y Acad Sci 2012;1258:143–8.

 74. Bürgel  N, Bojarski  C, Mankertz  J, Zeitz  M, Fromm  M, Schulzke  JD. 
Mechanisms of diarrhea in collagenous colitis. Gastroenterology 
2002;123:433–43.

 75. Norén  E, Mellander  MR, Almer  S, Söderman  J. Genetic variation and 
gene expression levels of tight junction genes indicates relationships 
between PTEN as well as MAGI1 and microscopic colitis. Dig Dis Sci 
2018;63:105–12.

 76. Lee  E, Schiller  LR, Fordtran  JS. Quantification of colonic lamina 
propria cells by means of a morphometric point-counting method. 
Gastroenterology 1988;94:409–18.

 77. Lettesjö  H, Hansson  T, Peterson  C, et  al. Detection of inflammatory 
markers in stools from patients with irritable bowel syndrome and 
collagenous colitis. Scand J Gastroenterol 2006;41:54–9.

 78. Taha Y, Carlson M, Thorn M, Loof L, Raab Y. Evidence of local eosinophil 
activation and altered mucosal permeability in collagenous colitis. Dig Dis 
Sci 2001;46:888–97.

 79. Levy AM, Yamazaki K, Van Keulen VP, et al. Increased eosinophil infiltra-
tion and degranulation in colonic tissue from patients with collagenous 
colitis. Am J Gastroenterol 2001;96:1522–8.

 80. Wagner  M, Lampinen  M, Sangfelt  P, Agnarsdottir  M, Carlson  M. 
Budesonide treatment of patients with collagenous colitis restores 
normal eosinophil and T-cell activity in the colon. Inflamm Bowel Dis 
2010;16:1118–26.

 81. Nishida Y, Murase K, Isomoto H, et al. Different distribution of mast cells 
and macrophages in colonic mucosa of patients with collagenous colitis and 
inflammatory bowel disease. Hepatogastroenterology 2002;49:678–82.

 82. Cremon C, Gargano L, Morselli-Labate AM, et al. Mucosal immune ac-
tivation in irritable bowel syndrome: gender-dependence and association 
with digestive symptoms. Am J Gastroenterol 2009;104:392–400.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/16/1/143/6323311 by SESC

AM
 C

astilla La M
ancha user on 18 February 2022



158 Y. Zabana et al.

 83. Schwab  D, Raithel  M, Hahn  EG. Evidence for mast cell activation in 
collagenous colitis. Inflamm Res 1998;47[Suppl 1]:S64–5.

 84. Halvorsen S, Morgan D, Miller K, et al. A single cell survey of large intes-
tine in microscopic colitis. Gastroenterology 2019;156:S-444.

 85. Dey  I, Beck  PL, Chadee  K. Lymphocytic colitis is associated with in-
creased pro-inflammatory cytokine profile and upregulation of prosta-
glandin receptor EP4. PLoS One 2013;8:e61891.

 86. Kumawat AK, Strid H, Tysk C, Bohr J, Hörnquist EH. Microscopic col-
itis patients demonstrate a mixed Th17/Tc17 and Th1/Tc1 mucosal 
cytokine profile. Mol Immunol 2013;55:355–64.

 87. Koskela  RM, Karttunen  TJ, Niemelä  SE, Lehtola  JK, Bloigu  RS, 
Karttunen RA. Cytokine gene polymorphism in microscopic colitis as-
sociation with the IL-6-174 GG genotype. Eur J Gastroenterol Hepatol 
2011;23:607–13.

 88. Günaltay S, Kumawat AK, Nyhlin N, et al. Enhanced levels of chemokines 
and their receptors in the colon of microscopic colitis patients indicate 
mixed immune cell recruitment. Mediators Inflamm 2015;2015:132458.

 89. Griga  T, Tromm  A, Schmiegel  W, Pfisterer  O, Müller  KM, Brasch  F. 
Collagenous colitis: implications for the role of vascular endothe-
lial growth factor in repair mechanisms. Eur J Gastroenterol Hepatol 
2004;16:397–402.

 90. Taha  Y, Raab  Y, Larsson  A, et  al. Vascular endothelial growth factor 
[VEGF] – a possible mediator of inflammation and mucosal permeability 
in patients with collagenous colitis. Dig Dis Sci 2004;49:109–15.

 91. Günther  U, Bateman  AC, Beattie  RM, Bauer  M, MacDonald  TT, 
Kaskas BA. Connective tissue growth factor expression is increased in 
collagenous colitis and coeliac disease. Histopathology 2010;57:427–35.

 92. Park  HS, Han  DS, Ro  YO, Eun  CS, Yoo  KS. Does lymphocytic col-
itis always present with normal endoscopic findings? Gut Liver 
2015;9:197–201.

 93. Park EK, Park YS, Park DR, et al. Cytokine expression of microscopic 
colitis including interleukin-17. Gut Liver 2015;9:381–7.

 94. Wildt  S, Rumessen  JJ, Csillag C, Normark M, Poulsen KA, Kolko M. 
Cyclooxygenase-2 immunoreactivity in collagenous colitis. APMIS 
2009;117:500–6.

 95. Boussen  K, Mabrouk  J, Ben  Mami  N, et  al. [Collagenous colitis 
with antinuclear antibodies and chronic neutropenia.] Presse Med 
1992;21:1039.

 96. Ge Y, Rampy BA, Wang HL, Xiao SY. Reduced CD1d expression in co-
lonic epithelium in microscopic colitis. Appl Immunohistochem Mol 
Morphol 2006;14:309–13.

 97. Kumawat AK, Strid H, Elgbratt K, Tysk C, Bohr J, Hultgren Hörnquist E. 
Microscopic colitis patients have increased proportions of Ki67[+] pro-
liferating and CD45RO[+] active/memory CD8[+] and CD4[+]8[+] mu-
cosal T cells. J Crohns Colitis 2013;7:694–705.

 98. Göranzon  C, Kumawat  AK, Hultgren-Hörnqvist  E, et  al. 
Immunohistochemical characterisation of lymphocytes in microscopic 
colitis. J Crohns Colitis 2013;7:e434–42.

 99. Carrasco A, Esteve M, Salas A, et al. Immunological differences between 
lymphocytic and collagenous colitis. J Crohns Colitis 2016;10:1055–66.

 100. Carrasco A, Fernández-Bañares F, Pedrosa E, et al. Regional specialisa-
tion of T cell subsets and apoptosis in the human gut mucosa: differences 
between ileum and colon in healthy intestine and inflammatory bowel 
diseases. J Crohns Colitis 2016;10:1042–54.

 101. Fernández-Bañares F, Casalots J, Salas A, et al. Paucicellular lymphocytic 
colitis: is it a minor form of lymphocytic colitis? A clinical pathological 
and immunological study. Am J Gastroenterol 2009;104:1189–98.

 102. Bai  S, Siegal  GP, Jhala  NC. Foxp3 expression patterns in microscopic 
colitides: a clinicopathologic study of 69 patients. Am J Clin Pathol 
2012;137:931–6.

 103. Fine  KD, Lee  EL, Meyer  RL. Colonic histopathology in untreated ce-
liac sprue or refractory sprue: is it lymphocytic colitis or colonic 
lymphocytosis? Hum Pathol 1998;29:1433–40.

 104. Armes  J, Gee  DC, Macrae  FA, Schroeder  W, Bhathal  PS. Collagenous 
colitis: jejunal and colorectal pathology. J Clin Pathol 1992;45:784–7.

 105. Arévalo F, Vergara G, Ruiz S, Castillo J, Zurita F, Monge E. [Concurrent 
lymphocytic colitis and microscopic enteritis in patients with chronic 
diarrhea.] Rev Gastroenterol Peru 2017;37:340–5.

 106. Padmanabhan V, Callas PW, Li SC, Trainer TD. Histopathological fea-
tures of the terminal ileum in lymphocytic and collagenous colitis: a 
study of 32 cases and review of literature. Mod Pathol 2003;16:115–9.

 107. Rubio CA, Ásmundsson J, Silva P, Illies C, Hartman J, Kis L. Lymphoid 
aggregates in Crohn’s colitis and mucosal immunity. Virchows Arch 
2013;463:637–42.

 108. Kumawat AK, Elgbratt K, Tysk C, Bohr J, Hörnquist EH. Reduced T cell 
receptor excision circle levels in the colonic mucosa of microscopic col-
itis patients indicate local proliferation rather than homing of peripheral 
lymphocytes to the inflamed mucosa. Biomed Res Int 2013;2013:408638.

 109. Günaltay S, Repsilber D, Helenius G, et al. Oligoclonal T-cell receptor 
repertoire in colonic biopsies of patients with microscopic colitis and 
ulcerative colitis. Inflamm Bowel Dis 2017;23:932–45.

 110. Kumawat AK, Nyhlin N, Wickbom A, et al. An in vitro model to evaluate 
the impact of the soluble factors from the colonic mucosa of collagenous 
colitis patients on T cells: enhanced production of IL-17A and IL-10 
from peripheral CD4+ T cells. Mediators Inflamm 2014;2014:879843.

 111. Daferera  N, Kumawat  AK, Hultgren-Hörnquist  E, Ignatova  S, 
Ström  M, Münch  A. Fecal stream diversion and mucosal cytokine 
levels in collagenous colitis: a case report. World J Gastroenterol 
2015;21:6065–71.

 112. Li J, Yan Y, Meng Z, et al. Microscopic colitis evolved into inflammatory 
bowel diseases is characterized by increased Th1/Tc1 cells in colonic mu-
cosal lamina propria. Dig Dis Sci 2017;62:2755–67.

 113. Jöhrens K, Grünbaum M, Anagnostopoulos  I. Differences in the T-bet 
and GATA-3 expression patterns between lymphocytic colitis and coeliac 
disease. Virchows Arch 2010;457:451–6.

 114. Piche T, Raimondi V, Schneider S, Hébuterne X, Rampal P. Acarbose and 
lymphocytic colitis. Lancet 2000;356:1246.

 115. Baroudjian B, Lourenco N, Pagès C, et al. Anti-PD1-induced collagenous 
colitis in a melanoma patient. Melanoma Res 2016;26:308–11.

 116. García-Varona A, Odze RD, Makrauer F. Lymphocytic colitis secondary 
to ipilimumab treatment. Inflamm Bowel Dis 2013;19:E15–6.

 117. Choi  K, Samdani  R, Shuttlesworth  G, Wang  Y. Case series: 
immunotherapy-induced lymphocytic colitis. Gastroenterology 
2018;154:S9.

 118. Cushing  KC, Mino-Kenudson  M, Garber  J, Lochhead  P, Khalili  H. 
Vedolizumab as a novel treatment for refractory collagenous colitis: a 
case report. Am J Gastroenterol 2018;113:632–3.

 119. Casper  M, Zimmer  V, Hübschen  U, Lammert  F. Vedolizumab for re-
fractory collagenous colitis: another piece of the puzzle. Dig Liver Dis 
2018;50:1099–100.

 120. Rasmussen MA, Munck LK. Systematic review: are lymphocytic colitis 
and collagenous colitis two subtypes of the same disease ‐ microscopic 
colitis? Aliment Pharmacol Ther 2012;36:79–90.

 121. Gledhill A, Cole FM. Significance of basement membrane thickening in 
the human colon. Gut 1984;25:1085–8.

 122. Hwang WS, Kelly JK, Shaffer EA, Hershfield NB. Collagenous colitis: a 
disease of pericryptal fibroblast sheath? J Pathol 1986;149:33–40.

 123. Widgren  S, Jlidi  R, Cox  JN. Collagenous colitis: histologic, mor-
phometric, immunohistochemical and ultrastructural studies. 
Report of 21 cases. Virchows Arch A  Pathol Anat Histopathol 
1988;413:287–96.

 124. Balázs M, Egerszegi P, Vadász G, Kovács A. Collagenous colitis: an elec-
tron microscopic study including comparison with the chronic fibrotic 
stage of ulcerative colitis. Histopathology 1988;13:319–28.

 125. Baum CA, Bhatia P, Miner PB Jr. Increased colonic mucosal mast cells 
associated with severe watery diarrhea and microscopic colitis. Dig Dis 
Sci 1989;34:1462–5.

 126. Molas GJ, Flejou JF, Potet F. Microscopic colitis, collagenous colitis, and 
mast cells. Dig Dis Sci 1990;35:920–1.

 127. Aigner  T, Neureiter  D, Müller  S, Küspert  G, Belke  J, Kirchner  T. 
Extracellular matrix composition and gene expression in collagenous 
colitis. Gastroenterology 1997;113:136–43.

 128. Ståhle-Bäckdahl  M, Maim  J, Veress  B, Benoni  C, Bruce  K, Egesten  A. 
Increased presence of eosinophilic granulocytes expressing transforming 
growth factor-beta1 in collagenous colitis. Scand J Gastroenterol 
2000;35:742–6.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/16/1/143/6323311 by SESC

AM
 C

astilla La M
ancha user on 18 February 2022



Microscopic Colitis Pathogenesis 159

 129. Latella G, Di Gregorio  J, Flati V, Rieder F, Lawrance  IC. Mechanisms 
of initiation and progression of intestinal fibrosis in IBD. Scand J 
Gastroenterol 2015;50:53–65.

 130. Chi Z, Xu J, Saxena R. Increased mast cell counts and degranulation in 
microscopic colitis. Gastroenterol Res Pract 2020;2020:9089027.

 131. Ianiro G, Cammarota G, Valerio L, et al. Microscopic colitis. World J 
Gastroenterol 2012;18:6206–15.

 132. Pisani LF, Tontini GE, Marinoni B, et  al. Biomarkers and microscopic 
colitis: an unmet need in clinical practice. Front Med 2017;4:54.

 133. Salas  A, Fernández-Bañares  F, Casalots  J, et  al. Subepithelial 
myofibroblasts and tenascin expression in microscopic colitis. 
Histopathology 2003;43:48–54.

 134. Anagnostopoulos  I, Schuppan  D, Riecken  EO, Gross  UM, Stein  H. 
Tenascin labelling in colorectal biopsies: a useful marker in the diagnosis 
of collagenous colitis. Histopathology 1999;34:425–31.

 135. Müller  S, Neureiter  D, Stolte  M, et  al. Tenascin: a sensitive and spe-
cific diagnostic marker of minimal collagenous colitis. Virchows Arch 
2001;438:435–41.

 136. Latella G. Redox imbalance in intestinal fibrosis: beware of the TGFβ-1, 
ROS, and Nrf2 connection. Dig Dis Sci 2018;63:312–20.

 137. Veress  B, Löfberg  R, Bergman  L. Microscopic colitis syndrome. Gut 
1995;36:880–6.

 138. Järnerot  G, Tysk  C, Bohr  J, Eriksson  S. Collagenous colitis and fecal 
stream diversion. Gastroenterology 1995;109:449–55.

 139. Widgren  S, Cox  JN, Gebbers  JO. Microscopic, lymphocytic and 
collagenous colitis. Histopathology 1997;31:295.

 140. Lawrance IC, Rogler G, Bamias G, et al. Cellular and molecular medi-
ators of intestinal fibrosis. J Crohns Colitis 2017;11:1491–503.

 141. Günaltay S, Nyhlin N, Kumawat A, et al. IL-1/TLR signaling inhibitors 
in microscopic and ulcerative colitis: immunopathogenic markers of ac-
tive disease and remission. Immunology 2013;140:167.

 142. Günther  U, Schuppan  D, Bauer  M, et  al. Fibrogenesis and fibrolysis 
in collagenous colitis. Patterns of procollagen types I  and IV, matrix-
metalloproteinase-1 and -13, and TIMP-1 gene expression. Am J Pathol 
1999;155:493–503.

 143. Burke  KE, Ananthakrishnan  AN, Lochhead  P, et  al. Smoking is as-
sociated with an increased risk of microscopic colitis: results from 
two large prospective cohort studies of US women. J Crohns Colitis 
2018;12:559–67.

 144. Münch A, Tysk C, Bohr J, et al. Smoking status influences clinical out-
come in collagenous colitis. J Crohns Colitis 2016;10:449–54.

 145. Jaruvongvanich V, Poonsombudlert K, Ungprasert P. Smoking and risk 
of microscopic colitis: a systematic review and meta-analysis. Inflamm 
Bowel Dis 2019;25:672–8.

 146. Aschner Y, Downey GP. Transforming growth factor-β: master regulator 
of the respiratory system in health and disease. Am J Respir Cell Mol Biol 
2016;54:647–55.

 147. Mori S, Kadochi Y, Luo Y, et al. Proton pump inhibitor induced collagen 
expression in colonocytes is associated with collagenous colitis. World J 
Gastroenterol 2017;23:1586–93.

 148. Taha Y, Raab Y, Larsson A, et al. Mucosal secretion and expression of 
basic fibroblast growth factor in patients with collagenous colitis. Am J 
Gastroenterol 2003;98:2011–7.

 149. Davids  JS, Carothers  AM, Damas  BC, Bertagnolli  MM. Chronic 
cyclooxygenase-2 inhibition promotes myofibroblast-associated intes-
tinal fibrosis. Cancer Prev Res 2010;3:348–58.

 150. Klopcic B, Appelbee A, Raye W, et al. Indomethacin and retinoic acid 
modify mouse intestinal inflammation and fibrosis: a role for SPARC. 
Dig Dis Sci 2008;53:1553–63.

 151. Masclee  GM, Coloma  PM, Kuipers  EJ, Sturkenboom  MC. Increased 
risk of microscopic colitis with use of proton pump inhibitors and non-
steroidal anti-inflammatory drugs. Am J Gastroenterol 2015;110:749–59.

 152. Verhaegh BP, de Vries F, Masclee AA, et al. High risk of drug-induced 
microscopic colitis with concomitant use of NSAIDs and proton pump 
inhibitors. Aliment Pharmacol Ther 2016;43:1004–13.

 153. Medina C, Radomski MW. Role of matrix metalloproteinases in intes-
tinal inflammation. J Pharmacol Exp Ther 2006;318:933–8.

 154. Madisch A, Hellmig S, Schreiber S, Bethke B, Stolte M, Miehlke S. Allelic 
variation of the matrix metalloproteinase-9 gene is associated with 
collagenous colitis. Inflamm Bowel Dis 2011;17:2295–8.

 155. Lakatos  G, Sipos  F, Miheller  P, et  al. The behavior of matrix 
metalloproteinase-9 in lymphocytic colitis, collagenous colitis and ul-
cerative colitis. Pathol Oncol Res 2012;18:85–91.

 156. Baert F, Schmit A, D’Haens G, et al.; Belgian IBD Research Group; Codali 
Brussels. Budesonide in collagenous colitis: a double-blind placebo-
controlled trial with histologic follow-up. Gastroenterology 2002;122:20–5.

 157. Bonderup OK, Hansen JB, Birket-Smith L, Vestergaard V, Teglbjaerg PS, 
Fallingborg J. Budesonide treatment of collagenous colitis: a randomised, 
double blind, placebo controlled trial with morphometric analysis. Gut 
2003;52:248–51.

 158. Miehlke  S, Heymer  P, Bethke  B, et  al. Budesonide treatment for 
collagenous colitis: a randomized, double-blind, placebo-controlled, 
multicenter trial. Gastroenterology 2002;123:978–84.

 159. Bonderup OK, Hansen JB, Teglbjaerg PS, Christensen LA, Fallingborg JF. 
Long-term budesonide treatment of collagenous colitis: a randomised, 
double-blind, placebo-controlled trial. Gut 2009;58:68–72.

 160. Miehlke S, Madisch A, Kupcinskas L, et al.; BUC-60/COC Study Group. 
Budesonide is more effective than mesalamine or placebo in short-term 
treatment of collagenous colitis. Gastroenterology 2014;146:1222–30.
e1–2.

 161. Miehlke S, Madisch A, Bethke B, et al. Oral budesonide for maintenance 
treatment of collagenous colitis: a randomized, double-blind, placebo-
controlled trial. Gastroenterology 2008;135:1510–6.

 162. Wildt  S, Munck  LK, Vinter-Jensen  L, et  al. Probiotic treatment of 
collagenous colitis: a randomized, double-blind, placebo-controlled trial 
with Lactobacillus acidophilus and Bifidobacterium animalis subsp. 
lactis. Inflamm Bowel Dis 2006;12:395–401.

 163. Madisch A, Miehlke S, Eichele O, et al. Boswellia serrata extract for the 
treatment of collagenous colitis. A double-blind, randomized, placebo-
controlled, multicenter trial. Int J Colorectal Dis 2007;22:1445–51.

 164. van Tilburg AJ, Lam HG, Seldenrijk CA, et  al. Familial occurrence of 
collagenous colitis. A  report of two families. J Clin Gastroenterol 
1990;12:279–85.

 165. Chutkan  R, Sternthal  M, Janowitz  HD. A family with collagenous 
colitis, ulcerative colitis, and Crohn’s disease. Am J Gastroenterol 
2000;95:3640–1.

 166. Abdo  AA, Zetler  PJ, Halparin  LS. Familial microscopic colitis. Can J 
Gastroenterol 2001;15:341–3.

 167. Järnerot  G, Hertervig  E, Grännö  C, et  al. Familial occurrence of 
microscopic colitis: a report on five families. Scand J Gastroenterol 
2001;36:959–62.

 168. Freeman  HJ. Familial occurrence of lymphocytic colitis. Can J 
Gastroenterol 2001;15:757–60.

 169. Thomson A, Kaye G. Further report of familial occurrence of collagenous 
colitis. Scand J Gastroenterol 2002;37:1116.

 170. Sikander  A, Sinha  SK, Prasad  KK, Rana  SV. Association of serotonin 
transporter promoter polymorphism [5-HTTLPR] with microscopic col-
itis and ulcerative colitis. Dig Dis Sci 2015;60:887–94.

 171. Giardiello FM, Lazenby AJ, Yardley  JH, et  al. Increased HLA A1 and 
diminished HLA A3 in lymphocytic colitis compared with controls and 
patients with collagenous colitis. Dig Dis Sci 1992;37:496–9.

 172. Madisch A, Hellmig S, Schreiber S, Bethke B, Stolte M, Miehlke S. NOD2/
CARD15 gene polymorphisms are not associated with collagenous col-
itis. Int J Colorectal Dis 2007;22:425–8.

 173. Sikander  A, Rana  SV, Sharma  SK, et  al. Association of alpha 2A ad-
renergic receptor gene [ADRAlpha2A] polymorphism with irritable 
bowel syndrome, microscopic and ulcerative colitis. Clin Chim Acta 
2010;411:59–63.

 174. Garner  C, Ahn  R, Ding  YC, et  al. Genome-wide association study of 
celiac disease in North America confirms FRMD4B as new celiac locus. 
PLoS One 2014;9:e101428.

 175. Green H, Beamunt R, Thomas A, et al. Genome-wide association study 
of microscopic colitis in the UK Biobank confirms immune-related 
pathogenesis. J Crohns Colitis 2019;13:1578‐82. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/16/1/143/6323311 by SESC

AM
 C

astilla La M
ancha user on 18 February 2022



160 Y. Zabana et al.

 176. Stahl E, Roda G, Dobbyn A, et al. Collagenous colitis is associated with 
HLA signature and shares genetic risks with other immune-mediated dis-
eases. Gastroenterology 2020;159:549–61.e8.

 177. Bohr J, Järnerot G, Tysk C, Jones I, Eriksson S. Effect of fasting on diar-
rhoea in collagenous colitis. Digestion 2002;65:30–4.

 178. Protic M, Jojic N, Bojic D, et al. Mechanism of diarrhea in microscopic 
colitis. World J Gastroenterol 2005;11:5535–9.

 179. Barmeyer C, Erko I, Fromm A, et al. ENaC dysregulation through activa-
tion of MEK1/2 contributes to impaired Na+ absorption in lymphocytic 
colitis. Inflamm Bowel Dis 2016;22:539–47.

 180. Stack WA, Filipowicz B, Hawkey CJ. Nitric oxide donating compounds 
stimulate human colonic ion transport in vitro. Gut 1996;39:93–9.

 181. Perner A, Andresen L, Normark M, Fischer-Hansen B, Rask-Madsen J. 
Expression of inducible nitric oxide synthase and effects of L-arginine 
on colonic nitric oxide production and fluid transport in patients with 
“minimal colitis”. Scand J Gastroenterol 2005;40:1042–8.

 182. Barmeyer  C, Erko  I, Awad  K, et  al. Epithelial barrier dysfunction in 
lymphocytic colitis through cytokine-dependent internalization of 
claudin-5 and -8. J Gastroenterol 2017;52:1090–100.

 183. El-Salhy M, Gundersen D, Hatlebakk JG, Hausken T. High densities of 
serotonin and peptide YY cells in the colon of patients with lymphocytic 
colitis. World J Gastroenterol 2012;18:6070–5.

 184. Schub R, Whitehead W, Giardiello F, Schuster M. Colonic motility and 
myoelectric activity in patients with collagenous colitis. Gastroenterology 
1989;96:A455.

 185. Ung  KA, Gillberg  R, Kilander  A, Abrahamsson  H. Role of bile acids 
and bile acid binding agents in patients with collagenous colitis. Gut 
2000;46:170–5.

 186. Fernandez-Bañares F, Esteve M, Salas A, et al. Bile acid malabsorption 
in microscopic colitis and in previously unexplained functional chronic 
diarrhea. Dig Dis Sci 2001;46:2231–8.

 187. Wildt  S, Nørby  Rasmussen  S, Lysgård  Madsen  J, Rumessen  JJ. Bile 
acid malabsorption in patients with chronic diarrhoea: clinical value of 
SeHCAT test. Scand J Gastroenterol 2003;38:826–30.

 188. Münch A, Söderholm JD, Ost A, Carlsson AH, Magnusson KE, Ström M. 
Low levels of bile acids increase bacterial uptake in colonic biopsies from 
patients with collagenous colitis in remission. Aliment Pharmacol Ther 
2011;33:954–60.

 189. Bajor A, Kilander A, Gälman C, Rudling M, Ung KA. Budesonide treat-
ment is associated with increased bile acid absorption in collagenous col-
itis. Aliment Pharmacol Ther 2006;24:1643–9.

 190. Escudero-Hernández C, Münch A, Østvik AE, Granlund AVB, Koch S. 
The water channel aquaporin 8 is a critical regulator of intestinal fluid 
homeostasis in collagenous colitis. J Crohns Colitis 2020;14:962–73.

 191. Holster S, Rode  J, Bohr  J, et al. Faecal microbiota transfer in patients 
with microscopic colitis ‐ a pilot study in collagenous colitis. Scand J 
Gastroenterol 2020;55:1454–66.

 192. Morgan DM, Cao Y, Miller K, et al. Microscopic colitis is characterized 
by intestinal dysbiosis. Clin Gastroenterol Hepatol 2020;18:984–6.

 193. Bernieh A, Hakar M, Stanek J. Lymphocytic colitis with increased apop-
tosis: a marker of mutation in T-cell-mediated immunity? Pediatr Dev 
Pathol 2020;23:443–7.

 194. Daferera N, Escudero-Hernández C, Nyström S, et al. Collagenous col-
itis mucosa is characterized by an expansion of nonsuppressive FoxP3+ 
T helper cells. Inflamm Bowel Dis December 2020. doi: 10.1093/ibd/
izaa322

 195. Barta Z, Zold E, Nagy A, Zeher M, Csipo I. Celiac disease and micro-
scopic colitis: a report of 4 cases. World J Gastroenterol 2011;17:2150–4.

 196. Béchade D, Carmoi T, Bonnefoy S, Blondon H, Desramé J, Algayres JP. 
[Microscopic colitis associated with celiac disease probably triggered by 
the administration of venlafaxine.] Rev Med Interne 2009;30:74–7.

 197. Neumann D, Lahr B, Pardi D, Murray J. Clinical characteristics of patients 
with concurrent celiac disease and microscopic colitis. Gastroenterology 
2009;136:A36.

 198. Macaigne  G, Locher  C, Chayette  C, et  al. Aetiology of microscopic 
colitis: results of a retrospective multicentric study in 64 patients. 
Gastroenterology 2009;136:A323. 

 199. Guagnozzi D, Lucendo AJ, Angueira T, González-Castillo S, Tenías JM. 
Drug consumption and additional risk factors associated with micro-
scopic colitis: case-control study. Rev Esp Enferm Dig 2015;107:347–53.

 200. Hanif FM, Luck NH, Abbas Z, Hassan SM, Shabir S, Mubarak M. Early, 
non-refractory celiac disease associated with microscopic colitis and 
splenomegaly. J Coll Physicians Surg Pak 2015;25[Suppl 1]:S14–6.

 201. O’Mahony S, Nawroz IM, Ferguson A. Coeliac disease and collagenous 
colitis. Postgrad Med J 1990;66:238–41.

 202. Ozturk Y, Soylu OB, Ozer E. Lymphocytic colitis in a child with non-
responsive celiac disease. Acta Gastroenterol Belg 2008;71:393–5.

 203. Smith  P, Bishop  P, Whorwell  PJ. Collagenous colitis, ulcerative colitis, 
coeliac disease and hyperparathyroidism in one patient: implications 
for the management of collagenous colitis. Eur J Gastroenterol Hepatol 
2005;17:1239–42.

 204. Stewart M, Andrews CN, Urbanski S, Beck PL, Storr M. The association 
of coeliac disease and microscopic colitis: a large population-based study. 
Aliment Pharmacol Ther 2011;33:1340–9.

 205. Sifuentes  Giraldo  W, Llop  Vilaltella  M, Bouruncle  Alaluna  C, et  al. 
Association of microscopic colitis with autoimmune diseases in a series 
of 97 cases. Ann Rheum Dis 2015;74:407.

 206. Barta Z, Szabó GG, Zeher M, Szegedi G. [Microscopic colitis.] Orv Hetil 
2005;146:1913–7.

 207. Ouazar MA, Younsi R, Belkhou A, El Hassani S, Belaabidia B, Krati K. 
Lymphocytic colitis with monoarthritis as the presenting manifestation. 
Joint Bone Spine 2008;75:745–7.

 208. Pariente EA, Chaumette MT, Maître F, Delchier JC, Soulé JC, Bader JP. 
[Collagenous colitis, IgA deficiency, Basedow’s disease and atrophic gas-
tritis.] Gastroenterol Clin Biol 1985;9:738–41.

 209. Riyaz  N, Sasidharanpillai  S, Rahima  S, et  al. Pyoderma gangrenosum 
in association with microscopic colitis, idiopathic hypereosinophilic syn-
drome, selective IgE deficiency and diabetes mellitus. Clin Exp Dermatol 
2015;40:629–32.

 210. Lavabre C, Clerc D, Durandin M, Bergé E, Bisson M. [Rheumatoid arth-
ritis and collagenous colitis. Apropos of a new case.] Rev Rhum Ed Fr 
1993;60:259–60.

 211. Günaydin  I, Kötter  I, Jacki  S, Daikeler  T, Kanz  L. Collagenous colitis 
associated with rheumatoid arthritis and anticardiolipin antibodies. Clin 
Rheumatol 1998;17:79–80.

 212. Benucci M, Bardazzi G, Magarò L, Li Gobbi F, Mannoni A, Serni U. A 
case report of a man with rheumatoid factor positive rheumatoid arthritis 
associated with collagenous colitis. Clin Exp Rheumatol 2001;19:475.

 213. Soulier C, Baron D, Saraux A, Robert FX, Le Goff P. Four new cases 
of collagenous colitis with joint symptoms. Rev Rhum Engl Ed 
1996;63:593–9.

 214. Mañas  García  MD, Salas  Manzanedo  V, Marchán  Carranza  E, 
Galiana Gómez del Pulgar J. [Collagenous colitis in patient with rheuma-
toid arthritis.] Rev Clin Esp 2005;205:465–6.

 215. Wengrower  D, Pollak  A, Okon  E, Stalnikowicz  R. Collagenous colitis 
and rheumatoid arthritis with response to sulfasalazine. A  case report 
and review of the literature. J Clin Gastroenterol 1987;9:456–60.

 216. González-Gay  MA, Sánchez-Andrade  A, Alba  J, Madrigal  MJ, 
Alfonso MJ. [Collagenous colitis associated with rheumatoid arthritis.] 
An Med Interna 1991;8:289–90.

 217. Fauchart JP, Buyse N, Fallouh R, Favriel JM. [A new case of collagenous 
colitis associated with rheumatoid polyarthritis.] Ann Gastroenterol 
Hepatol 1992;28:221–2.

 218. Ben  Abdelghani  K, Sahli  H, Souabni  L, et  al. Collagenous colitis and 
spondylarthropathy. Case Rep Med 2012;2012:620241.

 219. Deepthi RV, Bhat SP, Shetty SM, Shenoy RD. Juvenile spondyloarthritis 
with microscopic colitis. Indian Pediatr 2012;49:579–80.

 220. Kingsmore  SF, Kingsmore  DB, Hall  BD, Wilson  JA, Gottfried  MR, 
Allen  NB. Cooccurrence of collagenous colitis with seronegative 
spondyloarthropathy: report of a case and literature review. J Rheumatol 
1993;20:2153–7.

 221. Christopoulos S, Marcus VA, Fitzcharles MA. Collagenous colitis with 
spondyloarthropathy presenting as fibromyalgia syndrome. J Rheumatol 
2004;31:1455–6.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/16/1/143/6323311 by SESC

AM
 C

astilla La M
ancha user on 18 February 2022

https://doi.org/10.1093/ibd/izaa322
https://doi.org/10.1093/ibd/izaa322


Microscopic Colitis Pathogenesis 161

 222. Narváez  J, Montala  N, Busquets-Pérez  N, Nolla  JM, Valverde  J. 
Collagenous colitis and spondylarthropathy. Arthritis Rheum 
2006;55:507–12.

 223. López-Vives L, del Castillo N, Estrada P, Juanola X. Collagenous colitis 
and ankylosing spondylitis. Reumatol Clin 2013;9:385.

 224. Black C, Scott D, Green M, Gough A, Smrity  S. Is microscopic colitis 
[collagenous or lymphocytic] related to spondylarthropathy and human 
leucocyte antigen b27? Rheumatol 2017;56:ii93.

 225. Zunino A, Morera G, Mian M, Paira S. Enteropathic arthritis in associ-
ation with collagenous colitis. Clin Rheumatol 1998;17:253–5.

 226. Bachevalier F, Lederlin P, Laugros A, Durr JF, Le Quang D. [Collagenous 
colitis associated with systemic lupus erythematosus and circulating anti-
coagulant syndrome.] Rev Med Interne 1997;18:908–9.

 227. Heckerling  P, Urtubey  A, Te  J. Collagenous colitis and systemic lupus 
erythematosus. Ann Intern Med 1995;122:71–2.

 228. Hegazi  MO, Owayed  SF, Mourou  M, Joneja  M, Mashankar  A. 
Lymphocytic enterocolitis in systemic lupus erythematosus. Saudi J 
Gastroenterol 2009;15:274–6.

 229. Ekiz F, Coban S, Savas B, Gören D, Ensari A, Ormeci N. Collagenous 
colitis in a patient with systemic sclerosis: a rare entity. J Natl Med Assoc 
2007;99:681–2.

 230. Esselinckx W, Brenard R, Colin JF, Melange M. Juvenile scleroderma and 
collagenous colitis. The first case. J Rheumatol 1989;16:834–6.

 231. Abignano G, Scott N, Wollheim FA, Emery P, Buch MH, Del Galdo F. 
Collagenous colitis in systemic sclerosis: an overlooked and treatable 
complication. J Clin Rheumatol 2014;20:278–82.

 232. Gerth  HU, Willeke  P, Sunderkötter  C, et  al. Systemic sclerosis and 
collagenous colitis in a patient with retroperitoneal fibrosis. Scand J 
Rheumatol 2011;40:322–3.

 233. Kenesi-Laurent M, Chapelon-Abric C, Fattah ZA, Naudin G, Godeau P. 
The first case of CRST syndrome associated with collagenous colitis. J 
Rheumatol 1991;18:1765–7.

 234. Soulier  C, Saraux  A, Baron  D, Robert  FX, Leroy  JP, Le  Goff  P. Is 
collagenous colitis a new etiology of sicca syndrome? Rev Rhum Engl Ed 
1996;63:600–5.

 235. Jean R, Durand JM, Cretel E, et al. [Lymphocytic colitis and Gougerot-
Sjögren syndrome. Report of two cases.] Rev Med Interne 1999;20:923–5.

 236. Kchir  H, Hamdi  W, Kaffel  D, et  al. [Primary Sjogren’s syndrome and 
collagenous colitis.] Tunis Med 2013;91:420–1.

 237. Taccari E, Spada  S, Giuliani A, et  al. Co-occurrence of psoriatic arth-
ritis with collagenous colitis: clinicopathologic findings of a case. Clin 
Rheumatol 2002;21:335–8.

 238. Azzouz D, Gargouri A, Hamdi W, et al. Coexistence of psoriatic arthritis 
and collagenous colitis with inflammatory nervous system disease. Joint 
Bone Spine 2008;75:624–5.

 239. Wiedermann  CJ, Zagler  B. Reduced watery diarrhea during preg-
nancy in a psoriasis patient with lymphocytic colitis. Z Gastroenterol 
2008;46:1275–7.

 240. Batra AK, Levey JM, Trister J, Patwardhan R. Pyoderma gangrenosum in 
a patient with collagenous colitis. J Am Acad Dermatol 2003;49:S277–9.

 241. Davis MD, Nakamura KJ. Peristomal pyoderma gangrenosum associated 
with collagenous colitis. Arch Dermatol 2007;143:669–70.

 242. Koch D, Sinha A, Greenaway JR, Carmichael AJ. Pyoderma gangrenosum 
associated with collagenous colitis. Clin Exp Dermatol 2007;32:329–31.

 243. Roé  E, Dalmau  J, García-Navarro  X, et  al. A case of vulvar pyo-
derma gangrenosum associated with collagenous colitis. Dermatology 
2006;213:234–5.

 244. Phelip  JM, Roblin X, Soupison A, Bernard P. [Collagenous colitis and 
temporal arteritis: a chance association?] Gastroenterol Clin Biol 
2004;28:617–8.

 245. Pearson D, Werth V. Prevalence and relative risk of microscopic colitis and 
chronic diarrhea in dermatomyositis. J Invest Dermatol 2018;138:S47.

 246. Germany  RE, Cohen  SM. Hepatitis C, collagenous colitis, and derm-
atomyositis occurring in the same patient. Am J Gastroenterol 
2002;97:1848–9.

 247. Melcescu E, Hogan RB 2nd, Brown K, Boyd SA, Abell TL, Koch CA. 
The various faces of autoimmune endocrinopathies: non-tumoral 
hypergastrinemia in a patient with lymphocytic colitis and chronic auto-
immune gastritis. Exp Mol Pathol 2012;93:434–40.

 248. Byrne MF, Royston D, Patchett SE. Association of common variable im-
munodeficiency with atypical collagenous colitis. Eur J Gastroenterol 
Hepatol 2003;15:1051–3.

 249. Mandaliya R, Burkart AL, DiMarino AJ, Rattan S, Cohen S. Association 
between common variable immunodeficiency and collagenous infiltrative 
disorders of the gastrointestinal tract: a series of four patients. Indian J 
Gastroenterol 2016;35:133–8.

 250. Yong PF, Li H, Chung-Faye G, Ibrahim MA. Collagenous colitis in a pa-
tient with common variable immunodeficiency. J Investig Allergol Clin 
Immunol 2008;18:482–3.

 251. Phillips F, Samadian S. The first description of primary sclerosing cholan-
gitis [PSC] in association with collagenous colitis: was this predictable? J 
Crohns Colitis 2014;8:S111.

 252. Teufel A, Weinmann A, Kahaly GJ, et al. Concurrent autoimmune dis-
eases in patients with autoimmune hepatitis. J Clin Gastroenterol 
2010;44:208–13.

 253. Kelley JT, Scheib JS. Collagenous colitis and sacroiliitis: a case report and 
literature review. J Clin Rheumatol 2000;6:82–7.

 254. Wiener MD. Collagenous colitis and pulmonary fibrosis. Manifestations 
of a single disease? J Clin Gastroenterol 1986;8:677–80.

 255. Wendling D, Verhoeven F, Vuitton L, Guillot X, Prati C. SAPHO syn-
drome and collagenous colitis. Joint Bone Spine 2013;80:343–4.

 256. Székely  H, Pónyai  G, Temesvári  E, et  al. Association of collagenous 
colitis with prurigo nodularis. Eur J Gastroenterol Hepatol 2009;21: 
946–51.

 257. McCashland  TM, Donovan  JP, Strobach  RS, Linder  J, Quigley  EM. 
Collagenous enterocolitis: a manifestation of gluten-sensitive enterop-
athy. J Clin Gastroenterol 1992;15:45–51.

 258. Procopiou  M, Egger  JF, De  Torrenté  A. Collagenous colitis and cuta-
neous polyarteritis nodosa in the same patient. Scand J Gastroenterol 
2004;39:89–92.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/16/1/143/6323311 by SESC

AM
 C

astilla La M
ancha user on 18 February 2022


