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Serum patterns of mir-23a and mir-181b in irritable
bowel syndrome and colorectal cancer - A pilot study
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Romeo Ioan Chira®, Dan Lucian Dumitrascu'*, loana Berindan-Neagoe*®’

ABSTRACT

Emerging evidence demonstrates that microRNAs (miRNAs) could serve as reliable biomarkers of inflammation and oncogenesis. The aim
of this study was to determine whether miR-23a and miR-181b were suitable as biomarkers of irritable bowel syndrome (IBS) and colorectal
cancer (CRC). Forty patients with IBS (29 females, 11 males), 33 with CRC (14 females, 19 males), and 33 healthy controls (17 females, 16 males)
were prospectively included. Serum levels of miRNAs were evaluated by quantitative real-time PCR. The serum levels of miR-23a and miR-181b
were significantly higher in the IBS group (p = 0.0009 and 0.004, respectively) and CRC group (p = 0.002 and 0.029, respectively) than in the
control group. Serum levels of miR-23a and miR-181b were upregulated in CRC vs. IBS, but the differences did not reach statistical significance
(p = 0.169 and 0.179, respectively). The miRNet and Reactome databases identified phosphatase and tensin homolog as a major common path-

way, indicating inflammation as a central hallmark. Although miRNAs could serve as reliable biomarkers in clinical practice, future studies are

needed to establish appropriate cut-off limits.

KEYWORDS: Biomarker; colorectal cancer; irritable bowel syndrome; microRNA; miRNA; miR-23a; miR-181b; inflammation

INTRODUCTION

[rritable bowel syndrome (IBS) is a common functional
gastrointestinal disorder [1] that is diagnosed based on the
Rome criteria [2]. Although the Rome [V criteria were released
in 2016 [3], the Rome I1I criteria are still frequently used for the
diagnosis of IBS [2]. According to the Rome III criteria, IBS
is characterized by recurrent abdominal pain or discomfort,
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3 days per month over the last 3 months (12 weeks), associ-
ated with two or more of the following criteria with symptom
onset for at least 6 months: 1) improved defecation, 2) onset
associated with a change in stool frequency, and/or 3) onset
associated with a change in stool form (appearance) [2-4].
IBS is still considered a multifactorial disease, although some
pathogenic mechanisms have been proposed, including low-
grade inflammation, which might be immune activation,
rather than a true inflammatory state [s].

The involvement of inflammation in colorectal can-
cer (CRC) and inflammatory bowel disease (IBD) is well
known [6,7]. Systemic inflammation has been suggested to
be predictive of the survival of patients with various solid
tumors [6]. Therefore, efforts have been made in order to
develop scores with dual purposes: to measure systemic
inflammation and to predict prognosis [8].

Although moderate and severe forms of IBD are easier
to diagnose, the differential diagnosis of milder forms of
IBD is often difficult, requiring multiple investigations [9].
Overlapping symptoms attributable to IBS, which have also
been reported for milder forms of IBD in remission [7], are
key factors that generate anxiety and the “defensive” atti-
tude of the physician toward excluding organic diseases.
Hence, a countable non-invasive biomarker is needed to
differentiate the two entities because of the differences in
disease onset, management, and prognosis. In search for a
reliable biomarker, researchers have shifted from biochemi-
cal assessment toward more sophisticated approaches, such
as genomics, for the assessment of coding and non-coding

genes.
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Because of intensive research, there has been much prog-
ress in understanding the functions of small, non-coding
RNAs [10], such as microRNAs (miRNAs), which have been
found to mediate mRNA cleavage, translational repression,
and mRNA destabilization [11-13]. The dysregulation of miR-
NAs involved in crucial cellular processes has been described
in many cell types in different diseases [14,15]. Various miR-
NAs can also have a tumor suppressor or oncogenic role [13].
Emerging evidence demonstrates that miRNAs could serve
as reliable biomarkers [16,17] because of the high stability
of these molecules in biological fluids, including serum/
plasma [18]. The identification of circulating miRNA species
as non-invasive biomarkers has led to significant progress
in the treatment of a wide range of pathologies. The main
advantage of miRNAs is the relatively high stability of the
molecular structures in a wide range of biological specimens,
including serum [13].

Although the utility of miRNAs as biomarkers has been
investigated in a large spectrum of conditions, relatively few
studies have reported miRNA expression patterns in IBS [19-22].
Hence, besides cytokines and gene polymorphisms, further
studies of miRNA expression patterns in intestinal biopsy sam-
ples are needed to identify a reliable biomarker to easily discrim-
inate between IBS and non-IBS diseases, such as IBD.

The miRNAs miR-23a and miR-181b have been investi-
gated as potential biomarkers of carcinogenesis and inflam-
matory pathways but not IBS [23,24]. Moreover, recent data
suggest that diet could induce changes to the gut microbiome,
leading to the upregulation of specific miRNAs, such as miR-
23a [25]. Intensive research concerning the role of miR-23a and
miR-181b as therapeutic targets or early prognostic biomarkers
of CRC has been ongoing, but few studies have investigated
possible biomarkers of IBS.

Therefore, the aim of the present study was to assess the
serum expression patterns of miR-23a and miR-181b as poten-
tial biomarkers in I1BS and CRC and to evaluate potential
correlations.

MATERIALS AND METHODS

Study approval

The study protocol was approved by the Ethical Committee
of the “luliu Hatieganu” University of Medicine and Pharmacy
(Cluj-Napoca, Romania; approval no. 24/2015) and conducted
in accordance with the tenets of the Declaration of Helsinki
and the Convention for the protection of Human Rights and
Dignity of the Human Being with regard to the Application
of Biology and Medicine: Convention on Human Rights and
Biomedicine. All participants were informed about the study

protocol and signed a consent form prior to inclusion.
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Study design

This prospective, observational, pilot study was conducted
in two teaching tertiary care units in Cluj-Napoca, Romania,
between 2014 and 2015. The sample size was estimated based
on previously published studies and adjusted in order to be
considered appropriate for preliminary results and subse-
quent validation of data obtained from a larger group [26].

Study group

The study group included a total of 73 patients: 33 with
CRC diagnosed by endoscopy plus biopsy and 40 with IBS
diagnosed according to Rome Il criteria. Three IBS sub-
types were classified according to Rome III criteria: IBS with
diarrhea (IBS-D), IBS with constipation (IBS-C), or mixed
IBS (IBS-M). Patients with other confounding conditions,
such as inflammatory status, severe organic diseases, and the
use of anti-inflammatory drugs 1 month prior to inclusion,
were excluded. Patients with IBS were also subdivided into
post-infectious (PI-IBS) and non-post-infectious (non-PI-1BS)
groups, according to previous methodology [27], based on the
onset of IBS symptoms. Patients with symptoms occurring
after a triggering event, such as an acute episode of gastro-
enteritis (nausea, vomiting, and diarrhea), were assigned to
PI-IBS group.

The CRC group consisted of 33 patients diagnosed with CRC
according to the tumor-node-metastasis (TNM) staging system
of the Sixth Edition of the American Joint Commission. The
subjects were diagnosed by lower endoscopy and histopatho-
logical assessment of biopsy samples and were included prior
to any chemotherapy, immunomodulatory treatment, or radio-
therapy. Information regarding vital status was obtained from
death records from the National Population Register. The epide-
miological and clinical variables recorded were age at diagnosis,
sex, tumor stage, presence of lymph node invasion, presence of
metastases, and grade of histopathological differentiation.

Thirty-three consecutive healthy controls were recruited
by a similar approach, including local advertisements.
Exclusion criteria for the control group were alcohol and sub-
stance abuse or dependence, presence of severe organic disor-
ders, and presence of digestive symptoms or conditions.

After fasting for a minimum of 8 h, a venous blood sample
(0.5 mL) was collected from patients and controls between
07:00 and 11:00 h and stored at -80°C within 30 min in the
same facility until miRNA quantification. Freeze—thaw cycles
were avoided until the assessment of all samples.

Quantitative real-time polymerase chain reaction
(qRT-PCR) analysis of serum miRNAs

Total RNA from 400 pL of serum was extracted using
TRIzol™ reagent (Invitrogen Corporation, Carlsbad, CA,
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USA) based on TRI Reagent® protocol, eluted in 10 pL of
RNase-free water, and stored at -80°C until analysis. The
total RNA concentration was determined using a NanoDrop
ND-200 spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA), and the quality of RNA was assessed
with an Agilent 2100 Bioanalyzer (Agilent Technologies,
Santa Clara, CA, USA).

Serum levels of miR-23a (cat. no. 4427975 Applied
Biosystems, Carlsbad, CA, USA) and miR-181b (cat. no. 440886;
Applied Biosystems) were evaluated by qRT-PCR with the use
of the TagMan™ Advanced miRNA ¢DNA Synthesis Kit (cat.
no. A28007; Applied Biosystems), TagMan™ Fast Advanced
Master Mix (cat. no. 4444557; Applied Biosystems), and spe-
cific TagMan Primers. U6 (RNUG6B; cat. no. 4427975; Applied
Biosystems) was used for normalization of the data based

~AACT

on 2 method as described previously [28].

Statistical analysis

Statistical analysis was conducted using GraphPad Prism
software (version 6.0; GraphPad Software, Inc., San Diego, CA,
USA). Both parametric and nonparametric data were com-
pared. The Pearson’s correlation coefficient was determined.
Statistical significance was determined with the Student’s
t-test. A probability (p) value of <0.05 was considered statis-
tically significant. The miRNet (https://www.mirnet.ca) data-
base was used for identification of miRNAs as potential bio-
markers [29], and the Reactome database (https://reactome.
org/) was used for the classification of molecular pathways.

RESULTS

Baseline data

Thirty-three patients with CRC (14 females, 19 males; mean
age, 57.93 + 11.49 years), 40 with IBS (29 females, 11 males;
mean age, 5535 + 14.80 years), and 33 consecutive healthy
controls (17 females, 16 males; mean age, 49.78 + 16.65 years)
were included for analysis. The baseline data of the groups are
presented as mean values in Table 1. The male: female ratio in
the IBS group was 2.63. Twenty patients were diagnosed with
IBS-C, 14 with IBS-D, and six with IBS-M. In the IBS group,
eight (20%) patients were diagnosed with PI-IBS, of which five
(62.5%) were female. The TNM classifications of patients in
the CRC group are also presented in Table 1.

The mean serum miRNA levels in the IBS, CRC, and
healthy control groups are shown in Table 2.

As shown in Figure 1, serum levels of miR-23a and miR-
181b were significantly greater in the IBS group as compared
with the control groups (p = 0.0009 and 0.004, respectively)
and significantly greater in the CRC group than in the control
group (p = 0.002 and 0.029, respectively).
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TABLE 1. Main characteristics of the groups and TNM
indicators for the CRC group

Characteristics CRC IBS Controls
Sample size 33 40 33
Gender

Female 14 (42.42%) 29 (72.5%) 17 (51.51%)

Male 19 (57.57%) 11(27.5%) 16 (48.48%)
Age (Mean+SD) 49.78+16.65 55.35+14.80 57.93+11.49
Women 51.05+15.77 54.44+15.62 57.69+10.31
Men 48.43+17.96 57.72+12.72 58.10+12.50
TNM classification
T stage

T2 13(39.39%)

T3 20 (60.60%)
N stage

NO 25 (75.75%)

N1 7 (21.21%)

N2 1(3.03%)
M stage

MO 33 (100%)
IBS subtype

IBS-C 20

IBS-D 14

IBS-M 6

SD: Standard deviation; IBS: Irritable bowel syndrome; CRC:
Colorectal cancer; TNM: Tumor Node Metastasis; IBS-C: IBS with
constipation; IBS-D: IBS with diarrhea; IBS-M: mixed IBS

TABLE 2. Serum levels for miR-23a and miR-181b in patients
and a healthy control group

[BS n=40 20 IBS-G;

MicroRNA Control n=33 14 1BS-D: 7 IBS-M CRCn=33
MiR-23a
Mean+SD 1.00+£1.59 14.14+21.72 251144398
Women 0.83+1.36 16.79+24.70 19.25+31.64
Men 1.18+2.18 7.15+19.73 30.11+51.96
MiR-181b
Mean+SD 0.98+1.64 12.89+33.37 31.40+43.98
Women 1.17+1.86 10.29+21.53 24.01+36.54
Men 0.77+0.94 7.78+54.53 37.52499.64

SD: Standard deviation; IBS: Irritable bowel syndrome; CRC: Colorectal
cancer; IBS-C: IBS with constipation; IBS-D: IBS with diarrhea; IBS-M:
mixed IBS

TABLE 3. Comparison of IBS subtypes and correlation
established for miR-23a and miR-181b

. p
Comparison - -
MiR-23a MiR-181b
IBS-M vs. IBS-D 0.1349 0.5015
IBS-M vs. IBS-C 04424 0.0737
IBS-D vs. IBS-C 0.1717 0.0335*
Non PI-IBS vs. PI-IBS 0.5809 0.9464

Number of patients for each subtype: IBS-C: 20; IBS-D: 14; IBS-M: 6.
*p<0.05; IBS: Irritable bowel syndrome; PI: Postinfectious; IBS-C: IBS
with constipation; IBS-D: IBS with diarrhea; IBS-M: mixed IBS

Regarding serum levels of the miRNAs in patients with
CRC vs. IBS, the data suggest that miR-23a and miR-181b lev-
els were comparatively upregulated in patients with CRC,
but these differences did not reach statistical significance
(p = 0169 and 0.179, respectively). Serum levels of miR-23a and
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FIGURE 1. TagMan relative expression level in serum for miR-23a and miR-181b, data normalized to U6 and expressed as fold
change for controls, IBS and CRC. IBS: Irritable bowel syndrome; CRC: Colorectal cancer.
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FIGURE 2. TagMan relative expression level in serum for miR-23a and miR-181b, data normalized to U6 and expressed as fold
change in IBS subtypes. IBS: Irritable bowel syndrome; IBS-C: IBS with constipation; IBS-D: IBS with diarrhea; IBS-M: mixed IBS.
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FIGURE 3. TagMan relative expression level in serum for miR-23a and miR-181b, data normalized to U6 and expressed as fold
change in PI-IBS and non PI-IBS. IBS: Irritable bowel syndrome; Pl: Postinfectious.

miR-181b tended to be higher in patients with stage T3 CRC,
as compared with stage T2 (p = 0.223 and 0.334, respectively).
Of the CRC patients, 72.75% were classified as stage No.
There were no patients with metastatic disease (Mo, 100%).
Regarding the IBS subtypes, miR-181b expression was sig-
nificantly higher in IBS-D than in IBS-C and IBS-M (p = 0.033;
Figure 2).
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There were no significant differences in any of the other
comparisons (IBS-D vs. IBS-M, IBS-M vs. IBS-D, and PI-IBS
vs. non-PI-IBS; Figure 3 and Table 3).

The expression levels of miR-23a and miR-181b were
positively correlated in the control group (p = o0.001)
but not in the IBS and CRC groups (p = 0.208 and 0.156,

respectively).
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FIGURE 4. ROC for miR-23a and miR -181b in IBS (A-B) and in CRC (C-D) patients. ROC analysis and ROC curves for both miR in
IBS (E) and CRC (F) patients. IBS: Irritable bowel syndrome; CRC: Colorectal cancer; ROC: Receiver operating characteristic; AUC:

Area under the curve.

To analyze the link between serum levels of miR-23a and
miR-181b with IBS and with CRC, correlation and receiver
operating characteristic (ROC) curve analyses were per-
formed. ROC curves of miR-23a and miR-181b in IBS and
CRC are presented in Figure 4. ROC analysis was performed
to assess the diagnostic value of both miRNAs. The areas
under the ROC curves for miR-23a in IBS and CRC were
0.886 (95% confidence interval [CI] = 0.808-0.964, p < 0.001)
and 0.961 (95% CI = 0.9185-1.004, p < 0.001), respectively, indi-
cating that miR-23a could be used as a reliable biomarker for
the differential diagnosis of these entities.

The integration-involvement of the most relevant target
genes in biological processes based on the miRNet and Reactome
databases is shown in Figure 5. The interrelations of miR-23a and
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miR-181b with other miRNAs and targeted genes and their prod-
ucts are integrated in a complex network of biological processes.

DISCUSSION

IBS is a common functional gastrointestinal disorder
worldwide [1]. Diagnosis of IBS is established based on clinical
criteria, rather than exclusion [2,4]. In clinical practice, differ-
ential diagnosis implies multiple investigations; some of which
are invasive. The correlation between inflammation and [BD
is well known, as is the correlation between inflammation and
IBS and oncogenesis. However, at present, there is no quanti-
tative trait or biomarker to accurately quantify inflammation
or a cut-oft value for the risk of CRC.
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Numerous investigations have supported the use of miR-
NAs as potential diagnostic and prognostic biomarkers of
CRC and more recently for IBS. However, few studies have
evaluated the use of miRNAs as biomarkers of IBS.

The stability of miRNAs in serum was demonstrated under
various conditions, such as boiling, pH variations, extended
storage, and freeze—thaw cycles. Notably, there were no sig-
nificant differences in the expression levels of miRNAs under
these conditions as compared with control (non-treated)
serum [30]. A meta-analysis published in 2015 concluded that
serum could be better for miRNA analysis than plasma for
screening of CRC and that the use of multiple miRNAs, rather
than just one, has higher predictive accuracy [31].

Although Ué is often used as an internal control, some
authors report that this gene might be unsuitable since expres-
sion levels can vary with freeze—thaw cycles, but still is one of
the most used internal control [32].

A recent study addressed the involvement of miRNAs in
pain associated with IBS [21], as well as potential roles in other
chronic pain conditions, in which miRNAs might modulate
several genes associated with both the nociceptive and anal-
gesic systems, which influence changes to neurons involved in
the development or maintenance of pain.

The expression of miR-23ais reportedly significantly higher
in CRC patients than in healthy controls (p < 0.0001) [33],
which is in agreement with another study that also found
higher expression levels in patients with CRC with micro-
satellite instability [34]. In addition, Yong et al. [16] reported
that serum levels of miR-23b and miR-23a were greater in
CRC patients than in healthy controls (p = 0.045) and pro-
posed a combination of three biomarkers, including miR-
233, for screening of CRC [16]. They also found that miR-23b
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expression was upregulated in tissue and blood samples of
CCR patients [16]. Recent data indicate that miR-23a might
be related to inflammation and that miR-23a in combination
with other three miRNAs was correlated with ulcerative coli-
tis disease activity with higher sensitivity and specificity than
C-reactive protein [35]. These data suggest that miR-23a could
be used to discriminate between IBD and IBS, but a cut-oft
value must be determined.

To the best of our knowledge, this study is the first to
investigate the use of serum miR-23a as a biomarker of
IBS. The results of this study show that serum levels of
miR-23a and miR-181b were significantly higher in patients
with IBS than in healthy controls, emphasizing the point
that although structural changes cannot be detected by
current diagnostic tools and techniques in clinical prac-
tice (i.e., lower endoscopy and C-reactive protein), various
mechanisms or epigenetic phenomena can lead to different
clinical phenotypes.

Unfortunately, few studies have assessed serum levels of
miR-181b, as most have focused on tissue samples either recent
or archived. The use of miR-181b as a biomarker remains con-
troversial because of its dual role in the pathology of various
diseases [23,36,37].

There is evidence that miR-181b regulates nuclear fac-
tor-kB—mediated vascular inflammation in response to proin-
flammatory triggers [24]. Expression of miR-181b was about
12-fold higher than that of miR-181a and 274-fold higher than
that of miR-181c by qRT-PCR [24]. The role of miR-181a in
inflammation has already been suggested [38]. Dysregulation
of the miR-181—phosphatase and tensin homolog (PTEN) axis
has been suggested in the development of cancer and meta-
bolic syndrome [39].
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Differences in miRNA expression profiles between tissue
and serum samples have been reported, which might explain
our results. Our data indicate that miR-23a and miR-181b were
overexpressed in stage T3 vs. T2 CRC, but this difference did
not reach statistical significance (p = 0.223 and 0.334, respec-
tively). It is possible that these miRNAs could have significant
differences in stage T4 vs. T1.

Although the number of patients was limited, the aim
of this pilot study was to assess serum levels of miR-23a and
miR-181b in IBS patients as compared with CRC patients
and healthy controls, as few studies have compared the
expression profiles of potential biomarkers in IBS vs. IBD.
The results of the present study revealed that although [BS
is considered a functional disorder, there were differences in
miRNA expression levels between the IBS and healthy con-
trol groups. These miRNAs have been proposed as biomark-
ers of inflammatory responses and tumorigenesis. The results
of miRNet analysis revealed the complexity and interrelation
of various pathways based on currently available informa-
tion. Also, the miR-23a/miR-181b-mRNA network generated
using the miRNet database identified PTEN as a major com-
mon pathway, which also noted inflammation as a central
hallmark. These findings enhance prior findings that signal
transducer and activator of transcription 3 activate miR-181b
via PTEN and the cylindromatosis gene, as part of an epigen-
etic switch that links inflammation to cancer [23,40]. Our
data indicate that miR-23a and miR-181b were significantly
upregulated in IBS vs. healthy controls, supporting further
investigation of these miRNAs in IBS and IBD patients. Our
results also confirm those of previous studies that miR-23a
and miR-181b were upregulated in patients with CRC vs.
healthy controls [33].

CONCLUSION

The results of this study show that miRNA expres-
sion could provide a basis for future research of miRNAs as
biomarkers for I1BS and confirmed the findings of previous
studies that miR-23a and miR-181b are upregulated in CRC,
suggesting potential roles as biomarkers of CRC, although cut-
off limits must be established.
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