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Abstract

AIM: To investigate Toll-like receptor (TLR) signaling
regulators in microscopic and ulcerative colitis patients.

METHODS: Total RNA and microRNA were isolated
from fresh frozen colonic biopsies of non-inflamed
controls and patients with active or in-remission collag-
enous colitis (CC), lymphocytic colitis (LC), or ulcerative
colitis (UC). We compared expressions of interleukin-1
receptor-associated kinase (IRAK)-2, IRAK-M, inter-
leukin (IL)-37, microRNA (miR)-146a, miR-155, and
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miR-21 using quantitative real time reverse transcrip-
tion polymerase chain reaction.

RESULTS: IRAK-M expression was increased in LC pa-
tients with active disease in histopathological remission
(LC-HR; P = 0.02) and UC patients (P = 0.01), but no
differences in IRAK-2 expression were detected com-
pared to controls. miR-146a, -155 and -21 expressions
were increased in LC-HR (P = 0.04, 0.07, and 0.004)
and UC (P = 0.02, 0.04 and 0.03) patients. miR-146a
and miR-21 expressions were significantly enhanced in
UC patients compared to UC remission (UC-R; P = 0.01
and 0.04). Likewise, active CC patients showed signifi-
cantly increased expression of miR-155 (P = 0.003) and
miR-21 (P = 0.006). IL-37 expression was decreased in
both CC (P = 0.03) and LC (P = 0.04) patients with a
similar trend in UC patients but not statistically signifi-
cant, whilst it was increased in UC-R patients compared
to controls (P = 0.02) and active UC (P = 0.001).

CONCLUSION: The identification of differentially ex-
pressed miRNAs, IL-37, and IRAK-M suggests different
pathophysiologic mechanisms in various disease stages
in LC, CC, and UC.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Epithelial destruction is observed in both mi-
croscopic and ulcerative colitis, likely resulting in en-
hanced contact between gut microbiota and Toll-like re-
ceptors (TLRs), which do not normally face the lumen.
Insufficiently regulated TLR signaling may result in
chronic inflammation. In this study, we analyzed several
important regulatory molecules of TLR signaling: inter-
leukin-1 receptor-associated kinase (IRAK)-2, IRAK-M,
interleukin (IL)-37, microRNA (miR)-146a, miR-155, and
miR-21. A possible association between the regulatory
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effects of IRAK-M and miR-146a was revealed in both
diseases. This novel analysis of miR-155 and miR-21 in
microscopic and ulcerative colitis revealed different ex-
pressions in active disease and remission.
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INTRODUCTION

Microscopic colitis (MC), comprising collagenous colitis
(CC) and lymphocytic colitis (LC), is chatracterized clinical-
ly by chronic watery diarrhea, abdominal pain, and weight
loss. In contrast to ulcerative colitis (UC), the colonic mu-
cosa in MC is endoscopically normal or near-normal. Di-
agnosis of MC thus relies on typical histopathological fea-
tures observed upon microscopic examination' . Chronic
inflammation is seen in both CC and LC, including lym-
phocytic infiltration of the epithelium and lamina propria,
and damaged, flattened, and detached epithelial cells with
loss of mucin'™. In CC, a thickened subepithelial collagen
layer is observed beneath the basal membrane, whereas

the characteristic feature of LLC is a more pronounced
increase of intraepithelial lymphocytesm. Although the
etiology remains unclear, barrier dysfunction, increased
numbers of intraepithelial T lymphocytes, and/or im-
mune responses to luminal agents can cause dysregulated
immune responses and chronic inflammation'".

The recognition of microbial products by Toll-like
receptors (TLRs) is an eatly and important step in activa-
tion of the innate immune system, resulting in expression
of co-stimulatory molecules and inflammatory cytokines
such as type I interferons (IFNs) and chemokines'”.
However, inappropriate activation, duration, or magni-
tude of the TLR signaling may mediate the detrimental
effects seen in chronic diseases'. Interleukin (IL)-1 re-
ceptor-associated kinase-2 (IRAK-2) has been suggested
to be a critical molecule in sustaining late-phase TLR re-
sponses as its kinase activity is sustained for longer than
that of IRAK-1 upon TLR stimulation. Its role in in-
flammatory bowel diseases (IBD) is so far undiscovered.
Upon lipopolysaccharide (LPS) challenge, expression of
IRAK-M is increased through TLR-mediated NF-xB
activation, but then feeds back negatively on TLR signal-
ing by acting on other IRAKs" ", In the dextran sodium
sulfate (DSS) induced mouse model of colitis, IRAK-M-
deficient mice had exacerbated colitis and significantly
increased colonic expression of TNE, IL-1f, IL-6, and
IL-17" 1n a previous study, we observed increased
mRNA expressions of IL-1p, IL-6, 11.-17, IFN-y and
protein expression of TNF in MC patients, which led us

Baishidenge ~ WJG | www.wjgnet.com

to investigate the role of the innate immune regulator
IRAK-M in MC"". In addition, about 19-25 nucleotide-
containing non-coding microRNAs (miRNAs) whose
expressions depend on NF-kB activity have been identi-
fied as post-transcriptional regulators of multiple TLR
signaling components at the mRNA level™. Whereas
miR-146a and miR-21 feed back negatively in TLR sig-
naling, miR-155 is a pro-inflammatory miRNA". Hence,
continuous stimulation of TLRs by gut microbiota may
affect mictoRNA levels and thus curb or induce chronic
inflammation; this could be an important factor in MC
immunopathology, as previously observed in BD"?,

IL-37 (IL-1F7) is a newly described member of the
IL-1 family. It is found in small amounts under steady-
state conditions but is markedly increased during inflam-
matory challenges to prevent excessive inflammation™ Y.
Enhanced epithelial IL-37b protein expression has been
observed in the inflamed mucosa of IBD patients[zs]
Since the role of I1.-37 is still not fully clarified in differ-
ent inflammatory conditions, we investigated its expres-
sion levels in both MC and UC.

The inflammation in MC is more subtle than in
UC and Crohn’s disease, and so this condition is likely
an excellent “model” to study the role of basal differ-
ences in immune regulation and gain knowledge on
basic pathophysiology in chronic gut inflammation. In
the current study, we examined mRNA expression pro-
files of IRAK-2, IRAK-M, IL-37, miR-146a, miR-155,
and miR-21 in colonic biopsies of MC and UC patients
in active disease and in remission, compared to non-
inflamed controls. Our findings suggest that alterations
in expression of miR-146a, miR-155, and miR-21, 1L-37,
and IRAK-M reveal different immunopathogenic mecha-
nisms in various disease stages of LC, CC, and UC.

MATERIALS AND METHODS

Patients

Colonic mucosal biopsies were collected from a total of
12 CC, 13 LC, and 16 UC patients as well as 11 controls.
Patients with a previous history of Crohn’s disease, gas-
trointestinal infection, ischemic colitis, colorectal cancer,
or treatment with immunosuppressive drugs or antibiot-
ics were excluded following endoscopic observations,
small bowel imaging, and histopathological examinations.
Biopsy specimens from MC patients and controls were
taken from the hepatic flexure, whereas biopsies from
UC patients were collected from endoscopically affected
areas of the distal colon.

mCc

The MC patients underwent colonoscopy because of
watery diarrhea; some of them also had abdominal pain
and/or weight loss. In addition to the biopsy collection
for this study, routine biopsy specimens were obtained
from the proximal, transverse, and distal colon for con-
firmation of diagnosis through histopathological exami-
nation of paraffin embedded slides by an experienced
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gastropathologist. Histopathological criteria for CC were
a diffusely distributed and thickened subepithelial col-
lagen layer (= 10 um), epithelial damage such as flatten-
ing and detachment, inflammation in the lamina propria
with mainly mononuclear cells, and increased numbers
of intraepithelial lymphocytes (IELs). Histopathological
criteria for LC were, in addition to epithelial damage and
inflammation in the lamina propria, = 20 IELs per 100
surface epithelial cells but with a normal collagen layer.

Three patients with an established diagnosis of CC
and six patients with LC no longer fulfilled the histopath-
ological criteria for MC despite clinical symptoms of ac-
tive disease. These patients were therefore categorized as
clinically active but histopathologically in remission (CC-
HR/LC-HR)* and were analyzed separately.

One of the CC patients had Sj6gren’s syndrome. One
CC and one LC patient had hypothyroid disease. Two
patients with CC and two patients with LC were treated
with budesonide at the time of colonoscopy, but one of
the CC patients was on budesonide treatment only for
the last three days before the investigation. The patients
on budesonide treatment are indicated in the figures with
citcled symbols.

uc

The diagnosis of UC relied on well-established diagnostic
criteria”. Endoscopic activity was assessed at colonos-
copy and graded according to the Mayo endoscopic sub-
score™. Based on this score, patients were categorized in
two groups, with grade 0 representing endoscopic remis-
sion and grades 1-3 active disease. Six patients had active
UC, and were treated with 5-aminosalicylic acid (5-ASA)
at the time of colonoscopy. Ten patients, undergoing
colonoscopy for colitis cancer surveillance, were asymp-
tomatic and had a Mayo score of 0. Six of them were
treated with 5-ASA, and the remaining 4 had no treat-
ment at the time of colonoscopy. There were no patients
with conversion between L.C and UC.

Controls

Eleven control individuals underwent colonoscopy due
to changes in bowel habits (7 = 3), iron deficiency anemia
(n = 3), rectal bleeding (» = 3), follow up after diverticuli-
tis (7 = 1), or colon cancer screening (7 = 1). All colonos-
copies were endoscopically normal except for occasional
diverticula in the left colon, and routine biopsy specimens
from the ascending, transverse, and distal colon revealed
no pathological changes.

Biopsy specimens for this immunologic study were
obtained with standard biopsy forceps from the proximal
colon in both cases and controls, and were immediately
immersed in RNA/azer™ (Ambion, Life Technologies,
Foster City, CA) and then stored at -80 ‘C until analysis.

Ethical approval: Patients and controls were informed

of the study protocol before endoscopy, and gave their
written consent to donate tissue samples for research
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purposes. The study was approved by the ethics commit-
tee of Orebro-Uppsala County (#2008/278).

Total RNA and miRNA isolation: Total RNA and
miRNA were isolated with miRNeasy Kits (Qiagen,
GmbH, Hilden, Germany) according to the manufac-
turer’s protocol and quantified using a NanoDrop ND
1000 spectrophotometer (Nano Drop Technologies, Inc,
Wilmington, DE).

Reverse-transcription and quantitative real time re-
verse transcription polymerase chain reaction: All
products used in the reverse transcription and quantita-
tive real time reverse transcription polymerase chain reac-
tion (QRT-PCRs) were ordered from Applied Biosystems,
Life Technologies (Foster City, CA). cDNA transcription
of 1 pg/ul of total RNA was performed with High-
Capacity cDNA Reverse Transcription Kits according
to the manufacturer’s protocol. For analysis of miRNA
levels, 10 ng/ uL. of RNA was reverse transcribed using
TagMan microRNA Reverse Transcription Kits. The
following primer-probe sets were used for analysis of
gene expressions: IRAK-2 (Hs00176394_m1), IRAK-M
(Hs00200502_m1), and IL-37 (Hs00367201_m1).
Primer-probe sets used for human miRNAs were: miR-
146a-5p (000468), miR-155-5p (002623), and miR-21-
5p (00397). Normalization of qRT-PCR results was
performed using the three housekeeping genes GAPDH
(Hs99999905_m1), GUSB (Hs99999908_m1), and 18S
(Hs99999901_s1); for miRNA normalization, RNUGB
(001093), RNU44 (001094), and RNU48 (001006) wete
used. PCR amplification of miRNA and gene expres-
sions was performed according to the manufacturers’
protocols. For gene expression, TagMan Fast Universal
Master Mix was used with the thermal cycling parameters
suggested in the manufacturer’s protocol. For miRNA
expression profiles, TagMan 2X Universal Master Mix
(No AmpErase UNG) and specific TagMan probes for
each miRNA were used to quantify miRNA expressions
according to the manufacturer’s suggestions. The samples
were run in the Applied Biosystems 7900HT Fast Real-
Time PCR System (Life Technologies). Gene and miRNA
expression were expressed relative to the average of the
housekeeping genes and non-coding small RNAs, respec-
tively. The comparative threshold cycle method was used
to compare results between controls and patients[zgj.

Statistical analysis

Data values were compared using the non-parametric
Mann-Whitney test with statistical significance set at P <
0.05 (GraphPad Prism 4, San Diego, CA). Statistical out-
liers were detected by the Tukey test and excluded from
the statistical analysis; these values are marked as crosses
(X) in the figures. The different patient groups includ-
ing those with active disease (CC/LC/UC) and those
in histopathological remission (CC-HR/LC-HR) or UC
remission (UC-R), and the pooled active and histopatho-
logical remission CC and LC patients, respectively, were
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Table 1 Clinical characteristics of patients

Control Active CC CC-HR Active LC LC-HR Active UC UC-R
Number of patients 11 9 3 7 6 6 10
Male/female 6/5 1/8 0/3 0/7 0/6 6/0 8/2
Mean age (yr) (range) 58.6 (29-88)  67.3 (54-84) 55 (50-64) 69.4 (49-86) 61 (24-80) 52 (33-70) 59 (42-79)
Mean duration of disease (yr) (range) NA 6.8 (0-17) 5 (1-9) 2.3 (0-7) 1.2 (0-3) 14.3 (0-53) 29 (6-43)

CC: Specimens from collagenous colitis patients; CC-HR: Specimens from clinically active CC patients in histopathological remission; LC: Specimens from
lymphocytic colitis patients; LC-HR: Specimens from clinically active LC patients in histopathological remission; UC: Specimens from active ulcerative

colitis patients; UC-R: Specimens from UC patients in remission.

compared to non-inflamed control tissues. Patients with
active disease or in (histological) remission within the
same disease groups were also compared to each other.

RESULTS

We compared expressions of the TLR signaling regula-
tors IRAK-2, IRAK-M, I1.-37, and miR-146a, miR-155,
and miR-21 in microscopic and ulcerative colitis patients.
Characteristics of the patients are given in Table 1.

Increased IRAK-M expression but unchanged IRAK-2
expression in active UC and LC-HR patients compared
to controls

IRAK-M acts as a negative feedback regulator of TLR
signaling via blocking of IRAK-1 and 4, Significantly
enhanced IRAK-M expression was observed in LC-HR
patients compared to controls (P = 0.01; Figure 1A, in-
sert), and these patients also showed a trend towards an
increase compared to active LC (P = 0.07). In contrast,
CC patients did not differ significantly from controls. A
highly significant increase in IRAK-M expression was
observed in the UC patients with active disease (P = 0.002;
Figure 1A). There was a significantly reduced expression
in UC-R patients compated to UC patients with active
disease (P = 0.001; Figure 1A).We also investigated the
expression of IRAK-2, involved in up regulation of NF-
kB. There was a trend towards increased IRAK-2 expres-
sion in the active UC patients compared to controls (P =
0.05; data not shown) but no significant changes in either
MC or UC-R patients compared to non-inflamed con-
trols (data not shown). Likewise, there were no significant
differences in IRAK-2 expression between CC patients
and those in histopathological remissions (CC-HR) or
between active UC and UC patients in remission.

The results of relative mRINA expression of IRAK-M
are described in Figure 1A. Open symbols represent
patients with active disease. Filled symbols represent pa-
tients with clinically active disease but histopathologically
in remission, or UC patients in remission. Patients on
budesonide treatment are indicated by circled symbols.

Increased expression of regulatory miR-146a in LC-HR
and UC patients

miR-146a has an important regulatory role in TLR sig-
naling through inhibition of IRAKSs at the mRNA level.

Baishidenge ~ WJG | www.wjgnet.com

Significantly increased expression of miR-146a was ob-
served in LC-HR patients compared to non-inflamed
controls (P = 0.04; Figure 1B, insert). In contrast, there
were no significant changes in active LC, active CC, or
CC-HR patients compated to controls. Moreover, signifi-
cantly increased expression was detected in UC patients
with active disease compared to controls (P = 0.02) and
to UC-R patients (P = 0.008; Figure 1B). Again, in con-
trast to UC, there were no significant differences between
CC or LC patients with active disease and those in histo-
pathological remission.

The results of relative expression of miR146a are de-
scribed in Figure 1B. Each symbol represents one patient.
Open symbols represent patients with active disease,
whereas filled symbols represent patients with clinically
active disease but histopathologically in remission, or UC
patients in remission. Patients on budesonide treatment
are indicated by circled symbols.

Increased expression of pro-inflammatory miR-155 in
colon tissues from active CC patients, LC-HR patients
and UC patients with active disease
Whereas miR-146a has a regulatory role in TLR signal-
ing, miR-155 increases the inflammatory response. Sig-
nificantly increased expression of miR-155 was observed
in active CC and LC-HR patients compared to non-
inflamed controls (P = 0.003 and P = 0.007, respectively),
but not in CC-HR and LC patients (Figure 1C). Similarly,
miR-155 expression was significantly increased in UC pa-
tients compared to controls (P = 0.04; Figure 1C). There
was also a trend towards increased miR-155 expression in
active UC patients compared to UC-R patients (P = 0.00).
The results of relative expression of miR155 are de-
sctibed in Figure 1C. Each symbol represents one patient.
Open symbols represent patients with active disease.
Filled symbols represent patients with clinically active dis-
ease but histopathologically in remission, or UC patients
in remission. Patients on budesonide treatment are indi-
cated by circled symbols.

Increased miR-21 expression in the colons of CC,
LC-HR, and UC patients

The anti-inflammatory miR-21 is upregulated in order
to decrease miR-155 expression which in turn dampens
TLR signa]jng[so]. Expression of miR-21 was significantly
enhanced in both CC and LC-HR patients (P = 0.006 and
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Figure 1 Relative gene and microRNA expressions in collagenous colitis patients, lymphocytic colitis patients, collagenous colitis patients with clinically
active disease but histopathologically in remission, and lymphocytic colitis patients with clinically active disease but histopathologically in remission,
ulcerative colitis patients, and ulcerative colitis patients in remission compared to controls. A: Relative interleukin-1receptor-associated kinase M (IRAK-M)
gene expression; B: Relative microRNA-146a (miR-146a) expression; C: Relative microRNA-155 (miR-155) expression; D: Relative microRNA-21 (miR-21) expres-
sion; E: Relative interleukin-37 (IL-37) expression. miR: microRNA; CC: Collagenous colitis; CC-HR: CC patients with clinically active disease but histopathologically
in remission; LC-HR: LC patients with clinically active disease but histopathologically in remission; UC: Ulcerative colitis; UC-R: UC patients in remission. Patients on

budesonide treatment are indicated by circled symbols. The medians of the values are depicted lines and statistical outliers are marked as crosses (X).

P = 0.004, respectively; Figure 1D). A significantly lower
expression was detected in active LC patients compared
to LC-HR patients (P = 0.04; Figure 1D). In contrast,
there were no significant differences between CC patients
with active disease compared to those in histopathologi-
cal remission (Figure 1D). Similarly to the other param-
eters investigated, UC patients also showed significantly
increased miR-21 expression compared to non-inflamed
controls and UC-R patients (P = 0.03 and P = 0.03, re-
spectively; Figure 1D).

The results of relative expression of miR-21 are
described in Figure 1D. Each symbol represents one
patient. Open symbols represent patients with active
disease. Filled symbols represent patients with clinically
active disease but histopathologically in remission, or UC
patients in remission. Patients on budesonide treatment
are indicated by circled symbols.
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Reduced IL-37 expression in CC and LC patients and
increased expression in UC-R patients compared to
controls

Finally, we investigated the newly described 1L-1 family cy-
tokine IL.-37, previously demonstrated to inhibit the pro-
duction of pro-inflammatory mediators without affecting
the production of anti-inflammatory mediators™. In both
CC and LC patients, there was a significant decrease in
IL-37 expression compared to non-inflamed controls (P
= 0.03 and P = 0.04, respectively; Figure 1E). There were
no significant differences between CC and LC patients
with active disease compared to those in histopathological
remission. Similarly, active UC patients showed a trend to-
wards decreased 11L-37 expression (P = 0.06), whereas UC
remission patients demonstrated significantly increased
I1L-37 expression (P = 0.02; Figure 1E) compared to con-
trols. Comparison of active and in remission UC patients
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Tumor necrosis factor receptor-associated factor.

also revealed a highly significant increased expression in
UC patients in remission (P = 0.001; Figure 1E).

The results of relative mRNA expression of IL-
37are described in Figure 1E. Each symbol represents
one patient. Open symbols represent patients with active
disease. Filled symbols represent patients with clinically
active disease but histopathologically in remission, or UC
patients in remission. Patients on budesonide treatment
are indicated by circled symbols.

DISCUSSION

Although clinical and epidemiological data on MC con-
tinue to emerge“ﬁ], the pathophysiology of MC is still
unclear, and the search for triggering factors and underly-
ing dysfunctions in the immune system is still at an early
stage. In this study, we explored expression patterns of
molecules involved in TLR signaling pathways as poten-
tially important regulators of inflammatory responses.
Expressions of IRAK-2, IRAK-M, and 1L.-37, and three
microRNAs (miR-146a, -155 and -21) in MC and UC
patients were compared to that in controls, and several
important differences were found between CC and LC
patients, as well as between MC and UC patients in dif-
ferent stages of the disease (summarized in Figure 2).
Previous studies have frequently suggested that MC
shows associations with other autoimmune diseases and
with non-steroidal anti-inflammatory drugsm. The pres-
ent study included four patients on budesonide treatment.
Opverall, we did not detect any significant correlations
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between the TLR signaling regulators investigated and
other autoimmune diseases, nor did we detect any corre-
lations between these regulators and current medications
including budesonide. Nevertheless, we cannot exclude
the possibility that low numbers of patients may have
disguised possible effects of the drugs on the parameters
investigated.

IRAK-2 is suggested to be an important molecule in
sustaining TLR responsesm]. Our finding of upregulated
IRAK-2 expression in UC patients with active disease but
not those in remission suggest that it is a marker for sus-
tained colonic inflammation. Lack of significant changes
in IRAK-2 expression in MC patients is probably due to
the subtler inflammation in MC.

IRAK-M has varying roles in immunopathology, de-
pending on the disease context. In chronic inflammation,
IRAK-M expression is likely desirable in order to limit ex-
cessive immune responses, though it may prevent proper
innate immune clearance of pathogens. Moreover, a pos-
sible impaired IRAK-M production has been suggested
as a risk factor for UC patients carrying three Crohn’s
disease-associated mutations in the caspase recruitment
domain 15 (CARD15) compared to patients without mu-
tations, but this has not been demonstrated experimen-
tally™, IRAK-M expression is also induced in response
to the activation of TLRs, and regulates the inflammatory
response by inhibiting IRAK-1 and IRAK-4 dissocia-
tions'"”, whereas miR-146a regulates mRNA expression
of IRAK-1, IRAK-2, and TNF receptor-associated fac-
tor-6 (TRAFG) in the TLR signaling pathway[33], thereby
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inhibiting downstream signaling. By negatively regulating
TLR signaling, IRAK-M and miR-146a inhibit produc-
tion of pro-inflammatory mediators and contribute to
the induction of endotoxin tolerance!™'”. We here report
for the first time on significantly increased IRAK-M and
miR-146a expressions in UC patients with active disease,
whereas no increased expression was observed in UC
patients in remission. This might be due to enhanced ex-
posure of gut microbiota through ulcerations™, which is
not observed in MC; if so, healing of the mucosa is likely
to decrease IRAK-M expression to levels found in MC
patients. IRAK-M expression levels in UC or MC patients
have not previously been reported. In addition a previous
study was unable to detect significant changes in miR-
146a profiles in inflamed »s non-inflamed colon tissues’.
However, that study relied on comparison between tis-
sues from the same patient, whereas we investigated
patients with active disease or in remission. The mecha-
nisms behind regulation of expression of IRAK-M and
miR-146a likely have common denominators, as increased
expressions were observed in both active UC and LC-
HR patients, but decreased expressions were noted in UC
remission and active LC patients compared to controls.
The finding of reciprocal expression levels in patients
with active UC or LC compated to patients in remission
1s intriguing, and at present unexplained. Nevertheless,
it is important to note that although the L.C patients did
not fulfill the histological criteria for L.C, they still had
clinically active disease, whereas the UC patients in re-
mission had no clinical symptoms. The reason for the
lack of significant differences in IRAK-M and miR-146a
expressions in CC patients compared to controls remains
unknown, but it is noteworthy that the median values in
CC patients were higher than those in controls, although
this difference did not reach statistical significance. We
have previously reported on increased IRAK-M mRNA
expression in parallel to increased severity of colitis in the
DSS-induced mouse model of colitis"”. Ulcerations simi-
lar to those in human IBD are seen in this model, likely
due to cytotoxic effects of DSS on the epithelium.
miR-155 is regarded as a pro-inflammatory miRNA,
and hence could contribute to disease activity. It enhances
the TLR signaling pathway by repression of mRNAs
encoding the TLR signaling inhibitors SHIP1 and
SOCS177 whereas miR-21 leads to an anti-inflammato-
ry response in TLR signa]ingm. Our finding of increased
miR-155 expression in the active UC patients compared
to controls supports the previous ﬁndingsp”. We also ob-
served decreased expression in UC remission patients.

We found increased expression of miR-21 in UC pa-
tients with active disease compared to healthy controls,
similarly to Wu ¢z a/'”. We also found increased miR-21
expression in patients with active CC, whereas Wu ¢z al'”
were unable to detect differences in MC patients. This
was most likely due to the low number of patients in
their study, which included only 2 patients with CC and
1 with LC. In addition, we detected a significant increase
in miR-21 expression in LC-HR patients compared to
controls.
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An anti-inflammatory mechanism is usually initiated
to decrease a pro-inflammatory response and maintain
homeostasis, and therefore one might expect to see both
pro-inflammatory and anti-inflammatory responses be-
ing increased simultaneously. Since active CC, LC-HR,
and active UC patients had increased expressions of
both miR-155 and miR-21 in our study, it is possible
that miR-21 expression is increased in order to de-
crease miR-155 expression through I1.-10, which in turn
dampens TLR signalingm. However, we were unable to
observe changes in protein levels of IL-10"". Thus, our
recorded up regulated miR-155 and miR-21 expressions
may have stemmed from other cell types, such as acti-
vated T cells and/or dendritic cells®”,

Overall, the increased expressions of IRAK-M, miR-
146a, miR-155 and miR-21 in LC-HR but not in active
LC patients might indicate a role in the mucosal healing;
but it could also indicate that these changes may not
be sufficient to cure clinical symptoms. This suggests
different mechanism(s) for complete recovery of the
symptoms, compared to CC. In addition, differences in
IRAK-M, miR-146a, miR-155, and miR-21 expressions in
different stages of CC and L.C suggest different types of
immunopathogenesis between the two types of MC.

IL-37 is a newly described member of the IL-1 fam-
ily. It is suggested to be a fundamental inhibitor of in-
nate immunity that has so far only been identified in
humans”’. Here, we report for the first time a decreased
IL-37 expression in a chronic inflammatory illness. The
increased 11.-37 mRNA levels in UC remission patients
compared to patients with active UC indicate that I1.-37
may curb the inflammation and thereby contribute to re-
mission. Conversely, the low I1.-37 expression in MC and
UC may be one reason for the chronicity of the colonic
inflammation in these patients.

Studies in mice expressing human I1.-37 have shown
ameliorated DSS-induced colitis and LPS-induced
shock™™, Recently, increased levels of 1L.-37b protein
were detected by immunohistochemistry in tissues ob-
tained from inflamed lesions of UC patientsm]. There
are however several differences between this study and
ours. Firstly, in the Imaeda study tissues were collected
during surgery due to resistance to medication or other
complications, and the patients were on corticosteroid
treatment. Secondly, inflamed and non-inflamed tissues
from the same patient were compared. Thirdly, whereas
we investigated mRNA expression of 11.-37, the Imaeda
study investigated protein levels semi-quantitatively.

Taken together, our results demonstrate different
expression patterns of IRAK-M, IL.-37, and microRNAs
-146a, -155 and -21 in CC, LC, and UC patients in either
active disease or in remission. A potential limitation of
this study is the small cohort of MC patients. There are
several difficulties in recruiting MC patients: MC can only
be diagnosed by histopathological examination, and pa-
tients with a confirmed diagnosis do not usually undergo
repeated colonoscopy. It will therefore take time to ac-
cumulate appropriate patients. Nevertheless, to be able to
cure the disease rather than simply relieve the symptoms,
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studies like this one are necessaty to understand the im-
munopathogenesis despite the low number of patients
available. Our study shows that CC and LC have different
immunopathogenic behaviors in different disease stages,
which further supports the hypothesis that CC and LL.C
are two different entities™”.

The level of mucosal destruction in UC and MC af-
fects the magnitude of innate immune responses both
in active and in remission stages; and the subtler inflam-
mation in MC compared to UC is reflected in relatively
smaller changes in the immune parameters investigated
in the present study. In addition to revealing differentially
expressed regulators of TLR signaling in the colonic
mucosa of MC patients, this study further supports the
importance of MC as a “model” to study the role of
changes in immune regulation and basic pathophysiology
of IBD, where MC patients may reveal important immu-
noregulatory mechanisms.
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Background

Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the
intestine that consists of ulcerative colitis (UC) and Crohn’s disease, as well as
a subtler type of disease; microscopic colitis (MC). MC, comprising collagenous
colitis (CC) and lymphocytic colitis (LC), is characterized clinically by chronic
watery diarrhea, abdominal pain, and weight loss. In contrast to UC, the colonic
mucosa in MC is endoscopically normal or near-normal. MC can influence any
age group but it commonly affects middle-aged and elderly individuals with a
female dominance. Although clinical and epidemiological data on MC continue
to emerge, the pathophysiology of MC is still unclear, and the search for trig-
gering factors and underlying dysfunctions in the immune system is still at an
early stage. Currently, there is no cure for MC; the patients are given different
medications only to relieve their symptoms. Therefore, it is important to find
new avenues for treatment and eventually cure the disease.

Research frontiers

Previous studies have shown that upon stimulation of Toll-like receptors (TLRs)
with bacterial products, interleukin-1 receptor-associated kinase (IRAK)-2,
IRAK-M, interleukin-37 (IL-37), and microRNAs (miR-146a, -155, and -21)
become upregulated. IRAK-2 has been suggested to be a critical molecule in
sustaining late-phase TLR responses. IRAK-M, miR-146a, and miR-21 inhibit
production of pro-inflammatory mediators by negatively regulating TLR signal-
ing. miR-155 is regarded as a pro-inflammatory microRNA and hence could
contribute to disease activity. Increased miR-155 and miR-21 expressions have
been shown in UC patients with active disease; however, alteration in IRAK-2,
IRAK-M or miR-146a expression has not been observed in IBD. IL-37 is sug-
gested to be a fundamental inhibitor of innate immunity, which has hitherto
been shown to be upregulated in different human chronic inflammations.

Innovations and breakthroughs

In this study, for the first time, the authors have shown increased IRAK-M ex-
pression in MC and UC patients. Moreover, miR-146a, miR-155, and miR-21
expressions were increased in MC and UC patients. Remarkably, miR-146a
and miR-21 expressions were enhanced in UC patients with active disease
compared to UC patients in remission (UC-R). Decreased IL-37 expression in
MC, as well as in UC patients with a similar trend was detected for the first time
in human chronic inflammatory diseases. On the other hand, increased IL-37
expression in UC-R patients compared to controls and UC patients with active
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disease was observed, which may reveal an important role of IL-37 in remission
stage of UC immunopathology.

Applications

In this study, the authors analyzed several important regulatory molecules of
TLR signaling: IRAK-2, IRAK-M, IL-37, miR-146a, miR-155, and miR-21. A
possible association between the regulatory effects of IRAK-M and miR-146a
was indicated in both MC and UC immunopathology. The identification of differ-
entially expressed miRNAs, IL-37, and IRAK-M suggests different pathophysi-
ologic mechanisms in various disease stages in LC, CC, and UC. Moreover, the
level of mucosal destruction in UC and MC affects the magnitude of innate im-
mune responses both in active and remission stages. The subtler inflammation
in MC compared to UC is reflected in relatively smaller changes of the immune
parameters investigated in the present study. This study further supports the
importance of MC as a “model” to study the role of changes in immune regula-
tion and basic pathophysiology of IBD.

Terminology

In this study, certain MC patients with an established diagnosis of CC and LC
did not fulfill the histopathological criteria for MC despite having clinical symp-
toms of active disease, such as watery diarrhea, abdominal pain and/or weight
loss. They were therefore categorized as clinically active but histopathologically
in remission (CC-HR/LC-HR) and analyzed separately.

Peer review

The authors compared the expressions of IL-1/TLR signaling regulators,
IRAK-2, IRAK-M, IL-37, and microRNAs (miR-146, -155, and -21) in colonic
biopsies obtained from patients with MC and UC. The identification of differen-
tially expressed IRAK-M, IL-37, and miRNAs, suggests that collagenous colitis
and lymphocytic colitis are different clinical entities, which is an interesting and
very original finding. This study sheds a new light on the pathophysiology of
MC.
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