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Abstract: (1) Elucidating the role of miRNAs (miRs) in ulcerative colitis may provide new insights into
disease pathogenesis, diagnosis, treatment, and monitoring We aimed to investigate whether plasma
levels of miR-21-5p and miR-155-5p may be used to differentiate between patients with organic
disease such as ulcerative colitis (UC) and Clostridioides difficile infection (CDI), and patients with
functional disease such as irritable bowel syndrome with diarrhea (IBS-D). (2) Serological samples
were collected to quantify miR-155 and -21 expression, which was carried out through quantitative
real-time polymerase chain reaction (qRT-PCR), from 84 patients: 34 with acute UC (group 1), 17 with
CDI (group 2), and 33 with IBS-D (control group). (3) In this study, we found that the expression
levels of miR-155-5p were almost the same for the two conditions and the control group (UC:
4.22 ± 1.61, CDI: 3.94 ± 1.62, IBS-D: 4.26 ± 1.26), with no significant differences either for ∆Ct- or
for ∆∆Ct-derived parameters (p = 0.74 and p = 0.73, respectively). For miR-21, ∆Ct levels presented
significantly higher values among the ulcerative colitis group (p < 0.01), but the most important
expression fold change was noticed in patients with CDI (UC:4.11 ± 8,46, CDI: 4.94 ± 9.68, IBS-D:
2.83 ± 5.41). (4) Circulating miR-155 and miR-21 were upregulated in UC, CDI, and IBS-D, but
differentiation was not possible among them. But their involvement in the pathogenesis of the
three diseases makes them suitable for improving the accuracy of diagnosis and facilitating the
development of personalized treatment strategies.

Keywords: microRNAs; ulcerative colitis; irritable bowel syndrome; Clostridioides difficile infection

1. Introduction

Ulcerative colitis (UC) is a potentially severe chronic inflammatory condition of the
colon, characterized by periods of activity and remission, with incompletely elucidated
etiopathogenesis, in which the immune system interacts with microbiota disorders and/or
environmental factors in genetically predisposed individuals [1]. The clinical picture
in UC is determined by the extent of the disease and the severity of the inflammation,
characterized by the presence of diarrhea and rectal bleeding [2]. Clostridioides colitis
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(CDI) is a severe inflammation of the inner lining of the large intestine, manifesting as an
antibiotic-associated colonic inflammatory complication [3], caused by toxins produced
by Clostridioides difficile. Research suggests that individuals with UC are about five
times more likely to develop CDI compared to those without UC [4]. Additionally, UC
patients exhibit a higher prevalence of asymptomatic carriage of Clostridium difficile
than the general population [5]. The symptoms of CDI can be similar to those of UC:
diarrhea, fever, and abdominal pain [6,7]. On the other hand, irritable bowel syndrome
with a predominance of diarrhea (IBS-D) is a functional intestinal disorder characterized
by recurrent abdominal pain associated with defecation or changes in intestinal transit [8].
Similar symptoms may appear at the onset of UC or during its evolution [9]. IBS-D is
defined according to the Rome IV criteria as being characterized by more than 25% of
stools of low consistency (type 6 and 7 on the Bristol scale) and less than 25% of high
consistency (type 1 and 2 on the Bristol scale) [10,11]. IBS and IBD show many similarities
and have some overlapping pathophysiological mechanisms, such as increased intestinal
permeability, altered immune system activation, inflammation, and changes in the intestinal
microbiota [8]. UC can begin acutely or insidiously, and making the differential diagnosis
of the inaugural episode, as well as subsequent exacerbations, is sometimes very difficult.

To assist clinicians, several markers were outlined: C-reactive protein (CRP) [2,12],
fecal calprotectin (FC) [2,13,14], and fecal lactoferrin [2]. While these markers can aid
in differentiating between organic and functional conditions [2], they cannot distinguish
between UC and infectious colitis (CDI) [2,13]. Therefore, the necessity for new markers has
spurred research expansion and the consideration of new molecules, such as microRNAs,
which are stable in peripheral blood and play an important, though not yet fully established,
role in the pathophysiology of UC [15,16]. MicroRNAs (miRs) are molecules consisting of
18–25-nucleotide non-coding RNA which regulate the expression of post-transcriptional
genes [17], with significant implications in cell survival, apoptosis, malignant transforma-
tion, and dissemination [16,18]. In the pathogenesis of UC, a significant number of miRs
show increased expression in peripheral blood (miRs 16, -21, -155 [18], and miRs-92 [19])
or in tissue (miRs-21, -29a [20], miRs-126, and -31 [21]). For IBS-D, studies have examined
miR-155 [22] or miRs-16 and -125-5p [23]. Unfortunately, the target genes of these miRs
involved in the UC inflammation cascade are not yet fully elucidated [24]. It is known
that miR-155 appears to play a role in the intestinal inflammation of patients with active
UC by using different pathways to downregulate the expression of FOXO3a [18,25], or
it is upregulated in UC patients, modulating the inflammatory phenotype of IMFs by
targeting the suppressor of cytokine signaling 1 (SOCS1) [26]. MiR-21-5p intervenes in in-
testinal epithelial barrier function, causing the loss of tight junctions in intestinal epithelial
cells [15,27].

In this context, firstly, this study aimed to investigate whether plasma levels of miR-21-
5p and miR-155-5p can be considered biomarkers for UC and may be used to differentiate
between patients with organic disease (UC and CDI) and functional disease (IBS-D). Sec-
ondly, it aimed to asses the expression of miR-155-5p and miR-21-5p in UC regarding
disease extent and activity.

2. Materials and Methods
2.1. Study Population and Data Collection

We conducted a prospective case-control pilot study, which included 84 patients (34
with active UC, 17 with CDI, and 33 with IBS-D), selected from the Gastroenterology Clinic
at the County Clinical Hospital, Târgu Mures, , Romania. The division of the study groups
was based on the presence or absence of lesions in the colonic mucosa. Thus, group 3 or
control group consisted of patients without any pathological modifications of the colonic
mucosa (IBS-D patients), whereas the study group comprised patients with inflammatory
changes of the colonic mucosa (UC patients: group 1; CDI patients: group 2). Inclusion
criteria consisted of adult subjects aged 18 years or older with a previous diagnosis of active
UC, patients with acute CDI, and patients with IBS-D. The exclusion criteria comprised pa-
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tients who did not sign the informed consent or declined participation in this study, patients
with Crohn’s disease or undifferentiated colitis, those with celiac disease, patients with
chronic rheumatological conditions, unbalanced diabetes, chronic obstructive pulmonary
disease, ischemic heart disease, chronic renal failure, and cerebrovascular accident, and
individuals who had colorectal neoplasia or other malignancies in the previous five years.

The diagnosis of UC was made according to the criteria of the European Crohn’s and
Colitis Organizations [2] guidelines and Montreal classification for extension [28]. The
severity of UC was assessed using the Ulcerative Colitis Disease Activity Index (UCDAI):
mild < 3, moderate between 3 and 7, and severe > 7. The diagnosis of IBS-D was made in
accordance with the Rome IV criteria and assessed by using the Bristol scale [10]. Patients
with UC and IBS-D underwent a stool ovum and parasite exam, and a fecal culture test
including mycology test, and were also tested for Clostridioides Difficile toxins with
negative results. CDI and pseudomembranous colitis were diagnosed according to the
National Diagnostic Guideline and treatment of Clostridium Difficile infection [7]. Patients
with CDI were evaluated endoscopically, after the infection was cured, to exclude other
pathological processes. The endoscopic investigations were performed by experienced
endoscopists, following current protocols, with short-term sedation using Propofol, under
the careful monitoring of an anesthetist. The following data were collected: demographic
data, laboratory analyses including blood count, albumin, iron, fecal calprotectin, PCR, and
ulcerative colitis disease activity index (UDCAI) score.

2.2. Ethics Statement

The study was approved by the Ethics Committees of the County Clinical Hospital,
Târgu Mures, (No. 4872/24 May 2022), and the George Emil Palade University of Medicine,
Pharmacy, Science and Technology, Târgu Mures, (No. 1804/22 June 2022). All subjects
provided informed consent before enrollment in the study.

2.3. Serum Sample Collection

Under aseptic precautions, 6 milliliters of venous blood were collected in an EDTA
tube from each participant and carefully centrifuged at 4000 rpm for 20 min. The separated
plasma was stored at −80 ◦C until the time of analysis.

2.4. RNA Extraction and Reverse Transcription

The total RNA was isolated from the blood samples by using MicroRNA: mirVana
miRNA Isolation Kit with phenol (Thermo Fischer Scientific, Waltham, MA, USA). The
obtained nucleic acids were stored at −80 ◦C, until further analysis. Reverse transcrip-
tion was performed using the TaqMan Advanced miRNA cDNA Synthesis Kit to obtain
cDNA for the detection and quantification of miRNA 21-5p and miRNA 155-5p. miRNA
expression analysis was performed using the Applied Biosystems (Foster City, CA, USA)
7500 Fast Dx-Real Time PCR system, TaqMan Fast Advanced Master Mix and specific
TaqMan hsa-miR-21-5p and TaqMan hsa-miR-155-5p assays (Thermo Fischer Scientific,
USA). The analysis was performed in triplicate for each sample. TaqMan hsa-miR-93-5p
was utilized as a reference considering its reported stable expression in plasma and serum,
as indicated by Song et al. [29], which suggested miR-93 as a suitable reference gene for
serum miRNA analysis, especially in cases of gastric cancer.

2.5. miRNA Expression Analysis

For both miRNAs, the expression level was calculated using miR-93-5p as the en-
dogenous control. The delta (∆) cycle threshold (Ct) method was employed, where Ct is
defined as the minimal number of cycles needed to produce a fluorescent signal in qRT-PCR
reactions. Both ∆Ct and ∆∆Ct values were calculated in accordance with a previously
published method [30]. Subsequently, the 2−∆Ct/2−∆∆Ct method was applied only in the
case of negative values to avoid the aggregation of sub-unitary values.
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2.6. Statistical Analysis

Descriptive statistics involved the calculation of mean, frequency, and standard de-
viation parameters. The Chi square test was used to analyze contingency tables. The
Kolmogorov–Smirnov test was employed to assess the distribution pattern of the analyzed
data. The mean comparison of unpaired quantitative data was conducted based on the
distribution of the analyzed data. For non-Gaussian distributed data, the Mann–Whitney
test was used, whereas Student’s t-test was applied for variables complying with a Gaussian
distribution. The Brown–Forsythe and Welch analysis of variance (ANOVA) tests or the
Kruskal–Wallis tests were used for the simultaneous comparison of mean and median of
the three data sets. Correlation between miRNA expression and parameters suggestive
of ulcerative colitis severity implied the application of the non-parametric Spearman cor-
relation test. To establish the discriminatory power of miRNA expression between the
three groups, receiver operating characteristic (ROC) analysis was performed, including
the calculation of area under the curve (AUC) values, sensitivity, specificity and cut-off
values. A confidence interval of 95% was chosen, indicating that only values under 0.05
were considered statistically significant. The GraphPad Prism vers. 10 software was used
for the entire statistical analysis.

3. Results

Group 1 consisted of 34 patients with histologically confirmed ulcerative colitis, within
4 years from disease onset, group 2 comprised 17 patients with mild severity CDI, whereas
the control group encompassed 33 patients with irritable bowel syndrome, classified
according to the latest Rome criteria. We did not register any deaths during the study period.
The demographic characteristics of the three groups enrolled in the study are depicted in
Table 1. Group 1 was distinguished by a significantly lower mean age compared to the
other groups diagnosed with ulcerative colitis (45.91 ± 15.23 SD versus 65 ± 12.51 SD and
59.18 ± 13.86, p < 0.01). Therefore, a significantly higher percentage of the active, working
population among the ulcerative colitis study group was expected (p < 0.01). A higher
prevalence of females was observed in patients with irritable bowel syndrome, whereas in
group 1, the male-to-female ratio was significantly higher (p < 0.01).

Table 1. Demographic characteristics of the population included in the study.

Parameter Group 1 (n = 34)
(Mean ± SD)

Group 2 (n = 17)
(Mean ± SD)

Control Group
(n = 33)

(Mean ± SD)
p Value

Age (years) 45.91 ± 15.23 65 ± 12.51 59.18 ± 13.86 <0.0001

Gender (n)

• Female
• Male

12
22

8
9

25
8

<0.0001

Background (n)

• Urban
• Rural

24
10

8
9

15
18

0.08

Legend: n—number; SD—standard deviation.

The paraclinical assessment of complete blood count parameters focused on
hemoglobin levels and leukocyte counts. The lowest hemoglobin levels were found in
the ulcerative colitis group (11.32 ± 1.87 SD versus 11.82 ± 1.25 SD and 12.52 ± 0.92 SD,
p < 0.01), while the highest leukocyte mean counts was observed in group 2 (12,182 ± 2776 SD
versus 10,205 ± 2275 SD and 8473 ± 1847 SD, p < 0.01). No notable differences in serum
iron levels were found between the three groups, but serum albumin levels presented
the lowest values among patients with ulcerative colitis and highest levels in those with
irritable bowel syndrome (34.47 ± 2.60 versus 36.24 ± 3.54 and 37.21 ± 1.83, p < 0.01). Fecal
calprotectin levels were significantly higher in group 1 (551.5 ± 424.1 SD, p < 0.01), whereas
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C-reactive protein levels showed the most significant, ascending variation in group 2
(5.18 ± 1.82 SD, p < 0.01) (Table 2).

Table 2. Paraclinical data and miRNA expression patterns of the population included in the study.

Parameter Group 1 (n = 34)
(Mean ± SD)

Group 2 (n = 17)
(Mean ± SD)

Control Group (n = 33)
(Mean ± SD) p Value

Hemoglobin (g/dL) 11.32 ± 1.87 11.82 ± 1.25 12.52 ± 0.92 <0.0001

Leukocytes * (cells/µL) 10205 ± 2275 12182 ± 2776 8473 ± 1847 <0.0001

Serum iron (µg/dL) 54.24 ± 24.02 52.94 ± 13.44 63.09 ± 15.14 0.14

Albumin (g/L) 34.47 ± 2.60 36.24 ± 3.54 37.21 ± 1.83 <0.01

Fecal calprotectin (µg/mg) 551.5 ± 424.1 339.4 ± 125.7 49.82 ± 22.22 <0.0001

C reactive protein (mg/dL) 2.29 ± 1.42 5.18 ± 1.82 0.36 ± 0.16 <0.0001

miR-155 ∆Ct 4.22 ± 1.61 3.94 ± 1.62 4.26 ± 1.26 0.74

miR-155 2−∆∆Ct 4.11 ± 8.46 4.94 ± 9.68 2.83 ± 5.41 0.73

miR-21 ∆Ct 0.05 ± 0.34 −0.27 ± 0.41 −0.04 ± 0.27 <0.0001

miR-21 2−∆∆Ct 0.87 ± 0.14 1.12 ± 0.37 0.94 ± 0.30 <0.0001

Legend: Ct—cycle threshold; n—number; SD—standard deviation. * Brown–Forsythe and Welch ANOVA tests
were applied.

When assessing miRNA expression variation among the three groups, no significant
differences were found for miR-155 either for ∆Ct- or for ∆∆Ct-derived parameters (p = 0.74
and p = 0.73, respectively). Figures 1 and 2 also aid in the better visualization of the similar
values found for miR-155, compared between the three groups. However, miR-21 ∆Ct
levels presented significantly higher values among the ulcerative colitis group (p < 0.01),
and the most important expression fold change was noticed in patients with C. difficile
colitis. Figures 3 and 4 also show the significant miR-21 expression variation between
groups 1 and 2, and group 2 and control. Therefore, we further sought to conduct a ROC
analysis and assessed how miR-21 can be used to distinguish patients from groups 1 and 2
from patients belonging to the control group, suffering from a functional gastrointestinal
disorder. These results are represented in Table 3. Although miR-21 expression could aid in
the differential diagnosis between group 1 and group 2 (p = 0.02), and group 2 and group 3
(p = 0.03), respectively, the obtained cut-off values presented unsatisfactory and imbalanced
sensitivity and specificity values.
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Table 3. ROC analysis of miR-21 expression for distinction among the study subgroups.

Parameter Compared
Groups

AUC
(95% CI) Cut-off Sensitivity

(95% CI)
Specificity

(95% CI) p Value

miR-21
∆Ct

group 1 vs.
control group

0.50
(0.36–0.64) −0.99 100%

(89.85–100%)
3.03%

(0.15–15.32%) 0.99

group 2 vs.
control group

0.68
(0.51–0.85) −0.29 35.29%

(17.31–58.70%)
96.97%

(84.68–99.84%) 0.03

group 1 vs.
group 2

0.69
(0.52–0.85) −0.06 88.24%

(73.38–95.33%)
41.18%

(21.61–63.99%) 0.02

miR-21
2−∆∆Ct

group 1 vs.
control group

0.50
(0.36–0.64) 0.82 100%

(89.57–100%)
8.82%

(3.04–22.96%) 0.99

group 2 vs.
control group

0.68
(0.51–0.85) 0.92 96.97%

(84.68–99.84%)
41.18%

(21.61–63.99%) 0.03

group 1 vs.
group 2

0.69
(0.52–0.85) 0.92 88.24%

(73.38–95.33%)
41.18%

(21.61–63.99%) 0.02

A correlation between miR-155 and miR-21 expression and the parameters of ulcerative
colitis severity (UCDAI, extension degree, and severity assessed based on UCDAI) was
further investigated, but no significant results were found. Similarly, non-significant results
were obtained when assessing a possible relationship between miR-155/miR-21 expression
and fecal calprotectin levels. These findings are further detailed through Table 4.

Table 4. Non-parametric Spearman correlation for assessment of the relationship between the studied
miRNA expressions and parameters of ulcerative colitis severity/fecal calprotectin levels.

Independent
Variable Dependent Variable Spearman’s Rank

Correlation Coefficient p Value

miR-155 ∆Ct

UCDAI −0.005 0.97

UC extension −0.084 0.63

UC severity −0.716 0.68

fecal calprotectin 0.070 0.52

miR-21 ∆Ct

UCDAI −0.168 0.34

UC extension 0.026 0.88

UC severity −0.169 0.33

fecal calprotectin 0.060 0.73
Legend: Ct: cycle threshold; miR—miRNA; UC—ulcerative colitis; UCDAI—ulcerative colitis disease activity index.

4. Discussion

Despite significant progress in recent years, the etiology of ulcerative colitis (UC)
remains poorly understood [1,2]. Likewise, the pathological mechanisms are not fully
elucidated. The gold standard for diagnosis remains colonoscopy and histopathological
examination [1,2], which is invasive and can present significant adverse effects, and hence
the need to identify new biomarkers to facilitate positive diagnosis and improve patient
outcomes. Lately, attention has been focused on microRNAs (miRs), especially miR-155 and
miR-21 [31]. MiRs are small molecules [32] that have the advantage of being obtained by
relatively minimally invasive procedures, are stable in peripheral blood and tissues, and can
be rapidly quantified using real-time PCR or microarrays [16,17]. Therefore, the potential
utility of circulating miRs as biomarkers has become a promising possibility and a goal of
this research. There are currently 2500 mature human miRNA transcripts [33]. Recent stud-
ies have shown distinct miR expression profiles for tissue [17], plasma/serum [17,18,27],
and feces [31].
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miR-155 is one of the most studied miRNAs [17]. Target genes regulated by miR-155
include approximately 140 genes that encode for immunomodulatory proteins, tumor-
suppressor proteins, and inflammatory-related proteins [32]. The dysregulation of miR-155
is implicated in Helicobacter pylori-related gastric disease in adults [34] and children [35],
as well as in gastroduodenal ulcer [36]. Its expression can be downregulated by targeting
Smad2 and inhibiting gastric cancer cell metastasis [37] and upregulated in colorectal
cancer, promoting proliferation and invasion, and it is closely related to tumor stage [38].
In this study, we found that the expression levels of miR-155-5p were almost the same
for the two conditions and the control group (UC: 4.22 ± 1.61, CDI: 3.94 ± 1.62, IBS-D:
4.26 ± 1.26). When assessing miRNA expression variation between the three groups,
no significant differences were found for miR-155 either for ∆Ct- or for ∆∆Ct-derived
parameters (p = 0.74 and p = 0.73, respectively). This means that miR-155 is expressed almost
the same in the two diseases (UC and CDI) and in the patients included in the control group
represented by patients with IBS-D. These findings are consistent with previous studies
which also reveled possible courses of action and showed that miR-155 is upregulated
in UC patients by targeting the suppressor of cytokine signaling 1 (SOCS1), which is an
inhibitor of inflammation [26], or by downregulating the expression of FOXO3a [18,25].
According to the research of Paraskevi et al., miR-155 is upregulated in UC 7.82 ± 1.2 fold
change compared to healthy controls [18]. For CDI, there are only two references that
correlate it with miR-155. The first results from colonic tissue, from an in vivo murine
model, which pointed out that miR-155 may have a role in regulating the host’s immune
response during early- and late-stage CDI [39], and the second, Alanis et al., showed that
Clostridioides difficile initiation factor 1 can be regulated by binding to both microRNA-155
and microRNA-146 [40]. Finally, for irritable bowel syndrome, miR-155 plays an important
role in intestinal mucosal barrier function and modulating intestinal inflammation by
activating innate immune-related pathways, which leads to visceral hypersensitivity and
diarrhea in IBS-D patients [22]. To the best of our knowledge, we did not find any articles
in the literature comparing the circulating expression of miR-155 in patients with UC and
IBS-D or with CDI.

MiR-21-5p is among the most abundant and highly conserved miRNAs recognized [41].
Functionally, it has been assigned a variety of activities [41]. It is involved in the regulation
of several cardiovascular diseases: myocardial infarction [42], multiple sclerosis [42], and
complications of type 2 diabetes [43], as well as colorectal cancer [19] and gastric cancer [42].
In our study, miR-21 ∆Ct levels presented significantly higher values among the ulcerative
colitis group (p < 0.01), and the most important expression fold change was noticed in
patients with CDI, suggesting that the variation of miR-21 plasma expression was found
in all three studied groups but is higher in patients with UC and CDI, compared to the
control group represented by patients with IBS-D. These results were similar to previous
studies that reported an increased expression of miR-21 in in the peripheral blood of
UC patients [18,19,44]. Paraskevi et al. demonstrated that miR-21 is upregulated by
5.29 ± 0.34 fold compered to healthy controls [18]. Unlike our results, Schaefer et al.
obtained that circulating miR-21 levels are statistically significantly reduced compared
with non-IBD patients [45]. Regarding CDI and IBS-D, we did not find studies that directly
present the link with miR-21. However, Nakata et al. described in an animal model, on
mice, that commensal bacteria (including Clostridium difficile, Helicobacter pylori, and
Campilobacter jejuni) increase the miR-21 expression level and facilitate the permeability
of intestinal epithelial cells [37,46]. Finally, miR-21 expression induces ADP ribosylation
factor 4, which impairs intestinal barrier functions through the regulation of tight junction
proteins such as claudin-4 and occludin [46], and which can be associated with IBS-D
pathogenesis [22].

The ROC analysis showed that miR-21 expression could aid in the differential diagno-
sis between group 1 (UC) and group 2 (CDI) (p = 0.02) or group 2 (CDI) and the control
group (IBS-D) (p = 0.03), respectively, but the cut-off values obtained presented unsatis-
factory and imbalanced sensitivity and specificity values. To our knowledge, this is the
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first study that compares circulating miR-21 levels between UC and CDI, and between CDI
and the IBS-D group. Unfortunately we did not obtain a statistically significant difference
between group 1 (UC) and the control group (IBS-D) (p = 0.99). In contrast to our research,
Hassan et al., in a study comprising 100 patients, found that miR-21 was significantly
higher in active UC when compared to IBS and was helpful in differentiating UC from
non-UC patients (AUC was 0.844, with a sensitivity of 87.5% and a specificity of 91.7%) [19].
On the other hand, in a meta-analysis published by Yan et al., the results obtained were
similar to ours, not showing a statistically significant difference between UC patients and
non-IBD patients (SMD = 6.67, CI = 3.75–9.58) [47]. Looking at the differentiation of UC
and other forms of intestinal inflammation, such as Crohn’s disease, circulating miR-155
seems to be a very good biomarker [18,24,45]; instead, circulating miR-21 was found to
be upregulated [18,24] and downregulated [24,45,47] in both diseases. According to this
study, miR-155 and miR-21 cannot be considered markers of disease progression, as they
do not show a significant association with the extension (p = 0.63, and p = 0.88) and severity
(p = 0.97 and 0.34) of the disease. Concerning the severity of colitis, Yan et al., in a meta-
analysis involving five studies, demonstrated that tissue miR-21 expression was signifi-
cantly increased in patients with active UC compared to those in remission
(SMD = 2.97, CI = 0.40–5.53) [47]. Similarly to our findings, but with other miRs,
Wu et al., in a study with a small number of patients, highlighted that miR-103-2* and
miR-362-3p showed the highest increase in expression in active UC patients with 3.1 and
5.2 times, respectively. However, no difference in the expression of miRNAs was detected
concerning the extension of the disease (pancolitis and left-sided colitis subgroups) [20].
In another study, involving 30 patients with active UC, which evaluated miR-16, no sta-
tistically significant association was found with the severity of the assessed condition
(according to Truelove and Witts criteria), nor with the overall assessment of endoscopic
severity, p = 0.90, assessed using the total score of Ulcerative Colitis Endoscopic Index of
Severity [48].

Further studies are needed to elucidate the role of a miRs in certain tissues, cell
types [49], peripheral blood, or other body fluids, because different biological products may
have different expressions for the same miRs [31]. In feces, miR expression may be a much
more accurate tool for assessing disease activity or mucosal healing in gastrointestinal
diseases due to localized changes and the lack of involvement of other structures (e.g., ery-
throcytes or leukocytes, which could express the same miRs) [31]. Similarly, miR-155, which
is expressed in lymphocytes, is involved in the regulation of mucosal inflammation [32,34].
miR-21 expression in peripheral blood is less represented than the determination made
from colon tissue [47]. In this direction, in a study on a very small number of patients, Tak-
agi et al. showed that miR-155 and miR-21 collected from the colonic mucosa were highly
expressed in patients with active ulcerative colitis, compared to healthy volunteers [44].
Similarly, Wu et al. found that, in the tissue of UC patients, miR-21 was upregulated
by 354.6% compared to controls [20]. Several studies have shown that miR-21 is even
more expressed with the progression from normal mucosa to IBD to dysplasia/neoplasia
associated with IBD [15,42,50]. Therefore, the increase in the expression of this miR could
indicate a malignant transformation [19]. Currently, the monitoring of dysplasia occurrence
in patients with UC is performed based on the associated risk using chromoendoscopy with
or without magnification and targeted biopsies [2]. Therefore, highlighting this progression
by measuring miR-21 expression would yield significant benefits.

Although the results for miR-21 are promising, given the fact that miR-21 and -155 are
involved in the pathophysiology of dozens of diseases, they cannot be specific biomarkers
for any disease [41]. Finding a solution whereby miRNAs biomarkers in UC are not
interfered with by other diseases or therapies is a future challenge [51]. Due to the known
effects of miR-155 and miR-21 on the modulation of intestinal immunity and inflammation,
particularly in the pathogenesis of UC, IBS-D, and ICD, they can be candidates to modulate
the inflammatory/malignant cascade or for future therapeutic usage [32,41], similar to



Biomedicines 2024, 12, 1315 10 of 13

Miravirsen, which is an antimir used for treating the hepatitis C virus (HCV) by inhibiting
miR-122-HCV [52].

As with the majority of studies, the design of the current study is subject to limitations.
The first limitation of this study was its small sample size (especially for the CDI cohort)
and matching for age and gender was not possible. Secondly, we did not include a control
group of healthy individuals because it was difficult to perform colonoscopies on healthy
people to exclude diseases without clinical noise such as colitis of any etiology, polyps,
and small tumors. Thirdly, the possibility of an overlap (circulating miR-155 and -21) is
high due to the presence of intestinal inflammation or another clinically silent concomitant
disease. Finally, we need a unified measurement platform and the normalization of the
acquired data.

5. Conclusions

Circulating miR-155 is upregulated in UC, CDI, and IBS-D, but it cannot differentiate
among them. As for circulating miR-21, it is significantly more upregulated in patients with
CDI and UC, but the cut-off values are unsatisfactory, and the sensitivity and specificity
values are imbalanced. Based on the results obtained in this study, miR-155-5p and miR-21
cannot be used as specific biomarkers for UC and they cannot differentiate between UC,
IBS-D, and CDI. However, they can be considered as potential preventive and therapeu-
tic targets that could enhance the intestinal epithelial barrier and/or modulate mucosal
immune response, facilitating the development of personalized treatment strategies and
possibly the early detection of malignant transformation.

Detecting the presence of miR-155 and miR-21 in patients with Clostridioides difficile
infection and irritable bowel syndrome opens up new research possibilities for modulating
the inflammatory cascade and/or therapeutic intervention, and these microRNAs can be
developed as pharmacodynamic biomarkers for use in clinical care. Further studies are
needed to validate these results.
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