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Abstract. - OBJECTIVE: The pathogenesis of
the inflammatory bowel disease (IBD) includes
chronic inflammation and altered immune re-
actions. There are several publications, report-
ing that micro ribonucleic acids (miRNAs) may
serve as a diagnostic biomarker with a potential
to assess inflammation severity and treatment
response’? in IBD patients. The objective of the
study is to assess and correlate the serum ex-
pression of circulating miR-16 in IBD patients
with some clinical parameters, such as extent,
activity and severity of the disease.

PATIENTS AND METHODS: 70 IBD patients [35
with ulcerative colitis (UC) and 35 with Crohn’s
disease (CD)] were included in the study. Serum
miR-16 expression in both IBD diseases was as-
sessed using reverse transcription quantitative
real time PCR (RT-gPCR). Circulating miR-16 lev-
els were also correlated with disease extent, ac-
tivity and severity indices [Crohn’s Disease Ac-
tivity Index (CDAI), Montreal classification, Par-
tial Mayo score]. Serum expression of miR-16 in
the 70 patients was also compared to miR-16 se-
rum levels in 30 healthy control subjects.

RESULTS: The patients’ group showed mean
serum miR-16 expression of 3.07 for CD, 1.97 for
UC and 1.61 for the control group of healthy sub-
jects with a significant difference in the expres-
sion between groups. There is a significant cor-
relation between increased serum expression of
miR-16 and disease activity, extent and severity.

CONCLUSIONS: The increased miR-16 serum
expression correlates with disease activity, in-
testinal localization of CD, stenotic and pene-
trating phenotype. MiR-16 could serve as a po-
tential biomarker to assess inflammation.

Key Words:
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Introduction

It is widely known that inflammatory bowel
diseases (IBD) are complex diseases with unclear
pathogenesis. Crohn’s disease (CD) and ulcer-
ative colitis (UC) are the most frequent diagnoses
within the IBD family. They predominantly in-
volve the gastro-intestinal tract (GIT), clinically
presenting with chronic and recurrent symptoms:
abdominal pain, diarrhea, bloody and purulent
inclusions in the stools, weight loss and signifi-
cantly worsened quality of life.

The IBD background includes chronic inflam-
mation and altered immune reactions. The in-
flammatory process may be circumscribed to the
mucosa or the submucosa (UC) or could involve all
layers of the affected gastrointestinal tract (GIT)
segment, as well as the mesenteric fatty tissue and
the lymph nodes (CD). CD and UC have different
phenotypic presentation: localized inflammation,
stenosis, fistulas and abscess formation, involve-
ment of other organs and systems and potential
development of colitis-induced carcinoma.

There are several publications, reporting that
micro ribonucleic acids (miRNAs) may distin-
guish patients with active CD and UC from
healthy controls. Additionally, miRNAs may
serve as a diagnostic biomarker with a potential
to assess inflammation severity and treatment re-
sponse!?. Recent research®” shows that miR-16 is
important in IBD. MiR-16 is a small non-coding
RNA molecule, localized in 13q14 chromosome.
Bioinformatics analyses show that miR-16 targets
between 1088 and 8778 aims®. It is known that
miR-16 may significantly inhibit the cell prolif-
eration; it may stimulate the cell apoptosis and
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suppress the progression of the cell cycle’. MiR-
16 may transform the M2 to M1 macrophage pro-
liferation and may also activate the CD4 + T-cells
by a decrease in the programmed death ligand
1 (PD-L1) expression'’. Additionally, miR16-1
serves as a regulator of the immune-mediated
tissue recovery and the absence of miR-16-1
in CD4 + T-cells increases the Interleukin (IL)
IL-22 levels". Research shows that miR-16 par-
ticipates in some potentially regulatory pathways
[nuclear factor of kappa-light-chain-enhancer of
activated B cells (NF-kB), lipopolysaccharides
(LPS) LPS-induced inflammation, 5-Hydroxy-
tryptamine 4 (5-HT4) receptor signal pathway]
in autoimmune diseases and plays a significant
role in the etiology of the immune-mediated dis-
eases'>!.

The objective of this study is to assess the ex-
pression of serum miR-16 in IBD patients and to
correlate its expression with clinical parameters
as disease extent, activity and severity.

Patients and Methods

Seventy IBD patients: 35 UC patients (20 with
active disease and 15 in quiescent disease) and
35 CD patients (20 with active disease and 15 in
quiescent disease) were included in the study. All
patients were classified according to the Montreal
classification. Serum Hs miR-16 2, Hs RNUG6-
2 11 and Ce_miR-39 1 expression was assessed
with reverse transcription quantitative real time
PCR (RT-gqPCR), and then, were correlated with
the serum Hs miR-16 2, Hs RNU6-2 11 and
Ce _miR-39 1 level expression in a group of 30
healthy subjects.

We used blood serum as a test for miRNAs.
It was obtained via peripheral puncture with a
closed system BD Vacutainer™ SST™ [ Ad-
vance 5 ml (Becton Dickinson, Franklin Lakes,
NJ, USA). After sampling, the blood was left at
room temperature for 30 minutes to coagulate. It
was then centrifuged at 1500xg for 15 minutes at
room temperature and the serum was separated
and distributed into aliquots of 500 pul and was
then kept at -80°C until the time of the analysis.

Isolation of miRNA was done from 200 ul
serum via a commercial ready-to-use set miR-
Neasy Serum/Plasma Kit (50), catalogue No.
217184 (QIAGEN, Germany) as per the protocol
of the manufacturer. 3.5 pl (1,6x108 copies per
ul) control miRNA C. elegans miR-39 was added
to every serum sample for normalization con-

trol: miRNeasy Serum/Plasma Spike-In Control,
catalogue No. 219610 (QIAGEN, Germany), and
then, the samples were eluted in 14 pl RNAse-
free water.

Each of the samples was subsequently sub-
mitted to reverse transcription via ready-to-use
commercial kit miScript II RT Kit (50), catalogue
No. 218161 (QIAGEN, Germany) as per the man-
ufacturer’s protocol from 2.5 pl eluted miRNA
in a final volume of 10 pl with HiFlex buffer and
it was incubated at 37°C for 60 minutes and the
enzyme was inactivated at 95°C for 5 minutes.

Each of the samples was then submitted to
quantitative real time polymerase chain reac-
tion (rt-PCR) via a ready-to-use commercial kit
miScript SYBR Green PCR Kit (200), catalogue
No. 218073 (QIAGEN, Germany) and prepared
primers miScript Primer Assay (100), catalogue
No. 218300 (QIAGEN, Germany) as per the man-
ufacturer’s protocol: 1 pl complementary DNA
(cDNA) in 10 pl reactions in 3-times repetitions
for 15 target miRNA in 384 well plates. The
used miScript Primer Assay primers (100), cat-
alogue No. 218300 (QIAGEN, Germany) are as
follows (the reference number is in the brackets):
Hs miR-16 2 (MS00031493), Hs RNU6-2 11
(MS00033740) and Ce_miR-39 1 (MS00019789).
The used temperature parameters are as follows:
maintenance for 15 minutes at 95°C for enzyme
activation; 40 cycles of 15 seconds at 94°C; 30
seconds at 70°C with fluorescent reading; analy-
sis of the melting curve in order to prove the spec-
ificity of the amplification: primary denaturation
for 15 seconds at 95°C and cooling to 55°C for 60
seconds with an increase to 95°C with velocity of
+0.05°C per second and fluorescent reading. The
analysis was done by QuantStudio Dx instrument
of Applied Biosystems (Waltham, MA, USA)
company; a threshold cycle (Ct) was assessed for
each sample.

There are no defined referent or validated
cut-off levels for the expression of miRNAs in
healthy individuals or in IBD patients. In order to
differentiate IBD patients from healthy individu-
als, a cut-off expression level of miRNA-16 was
calculated for our cohort of patients, using receiv-
er operating characteristic curve (ROC curve)
analysis. This cut-off is specific as it was calcu-
lated for the tested population. It may also serve
as a marker of the miRNA-16 expression in UC
and CD. The expression levels of miR-16 were
analyzed and correlated with some IBD charac-
teristics, disease duration, clinical behavior and
type of treatment.
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Statistical Analysis

The results we processed with Statistical Prod-
uct and Service Solutions (SPSS Corp., Armon,
NY, USA) v. 20.0 for Windows. We used vari-
ation, correlative, regression, ROC curve, risk
assessment and comparative analyses (x2, t-test).
The significance of the obtained results was
judged at the 5% level. The level of significance
used for all analyzes was p <0.05.

Results

The threshold miRNA-16 cut-off in this trial
was calculated at 1.63 (AUC 0.701 (0.585-0.817)
with a sensitivity of 62.9% and specificity of
63.3% (Figure 1).

Disease activity, localization and behavior of
UC and CD was assessed as per the Montreal
classification. MiR-16 expression was measured
in patients with both CD and UC and was as-
sessed according to the level of the disease local-
ization in the GIT. The miR-16 expression was
distributed according to some IBD characteristics
and features of healthy controls.

The current age of IBD patients with ac-
tive disease was: CD 41.1£12.9, (18-71)/UC
37.9413.8 (19-73). Distribution according to
gender was: CD: n=18 (male)/n=17 (female);
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Figure 1. A ROC curve analysis of serum miR-16 expres-
sion, calculated to identify UC and CD cases from healthy
controls.

UC n=15 (male)/n=20 (female). Localization
of CD according to the Montreal classification
was: CD: ileal localization /L1/n=19, colonic
localization /L2/n=5, ileocolonic localization /
L3/ n=11. Localization of UC according to the
Montreal classification was: proctitis /E1/ n=1,
left-sided colitis /E2/n=11, pancolitis /E3/n=23.
The phenotype presentation of CD patients
was: inflammatory phenotype /B1/n=17, stenot-
ic phenotype /B2/n=11, penetrating phenotype
/B3/m=6, B2+B3/n=1. The IBD patients in this
study received different treatment regiments:
-5-aminosalicylic acid /SASA/n=9, corticoste-
roids (CS)/n=20, immune modulators/n-13 and
biologic treatment/n=28. This patients’ charac-
teristics was published as a part of a different
study of our team as well'>1,

MiR-16 expression is increased in CD pa-
tients, with disease localized in the small in-
testine (3.54+2.33) and in pancolitis E3 of UC
(2.01£1.54). There is a significant difference in
miR-16 expression in inflammatory (Bl), stenotic
(B2) and penetrating (B3) form of CD (p=0.010)
with higher expression levels in the more severe
B2 and B3 forms. There is no significant differ-
ence in miR-16 expression according to the forms
of evolution in patients with UC. Table I shows
the distribution of miRNA-16 expression levels
according to localization, behavior, clinical ac-
tivity, severity and treatment in patients with CD
and UC.

In CD patients, there is a moderate direct
correlation between the expression of miR-16
and the Crohn’s Disease Activity Index (CDAI)
(r=0.424; p=0.015). MiR-16 expression levels in-
crease progressively in correlation with the activ-
ity of CD. Patients with moderate activity of their
CD have significantly higher miR-16 expression
(4.27+£3.00) as compared to patients with mild
activity (2.38+1.06) or in remission (2.41+1.23) of
the disease (p=0.048). The increase expression
levels of miR-16 are a risk factor for CDAI > 150
levels [OR=4.80 (0.506-45.495); p=0.015].

In UC patients, there is no correlation between
the miR-16 expression levels and the severity (S)
index, measured as per the Montreal classifica-
tion or the endoscopic activity, measured as per
the Partial Mayo score. In patients with severe
disease, measured by both S index (1.38+0.89)
and Partial Mayo score (1.80+1.12), there is a de-
crease in miR-16, close to normal controls. miR-
16 expression levels do not correlate with any
treatment that was given in patients with either
CD or UC.
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Table I. MiRNA-16 expression levels according to the characteristics of CD and UC patients.

miR-16 expression (mean = SD)
Baseline characteristics CD (n = 35) UC (n = 35)
Localization (CD) L1 3.54+£2.33 -
L2 2.64+0.90 -
L3 2.45+2.03 -
Localization (UC) El - 2.53
E2 - 1.82+0.91
E3 - 2.01 £1.54
Behavior B1 243 +1.13 -
B2 3.27+2.49 -
B3 3.51+2.15 -
B2-B3 9.20 -
Chronic recurrent - 1.97+143
Chronic persistent - 1.97+0.99
CDAI Remission 241 +£1.23 -
Mild 2.38 £ 1.06 -
Moderate 4.27+3.00 -
S (severity) Remission - 1.45+ 1.11
Mild - 241+ 1.65
Moderate - 3.01 £0.08
Severe - 1.38 £ 0.89
Mayo score Remission - 2.33£2.05
Mild - 2.01 £1 .02
Moderate - 174+ 1.23
Severe - 1.80+1.12
Treatment 5-ASA 2.83+0.90 1.44 £0.82
Corticosteroids 3.11+2.25 2.29+0.82
Immune modulators 2.27+0.82 247+ 191
Biological treatment 3.51+£2.26 2.15+1.81

Discussion

Wu et al” reported that in comparison to
healthy individuals, the expression levels of
miR-16 are increased in patients with either UC
or CD®. These results are also confirmed by
Paraskevi et al' who additionally report that the
expression of miR-16 is significantly higher in
patients with CD in comparison to patients with
UC (6.38+1.46 vs. 2.98+0.35, p<0.05). Schonauen
et al® establish significantly increased miR-16
levels in serum and feces in IBD patients in com-
parison to healthy individuals and the expression
levels positively correlate with the activity of
the disease. Additionally, miR-16 levels in feces
significantly correlate with the C reactive protein
(CRP) levels, which identifies miR-16 expression
as a potential inflammation biomarker, deserving
future research’. Our results also confirm that
there is a relation between the increased serum
miR-16 expression and the disease activity in CD
patients. On the contrary, in UC patients with
severe activity (as measured by the S index and
the Partial Mayo score), the expression of miR-16

paradoxically drops to the levels, measured in
healthy controls.

There are some limitations in our cohort and
some of them are the small number of patients,
the absence of patients with severe CD activity
and the different duration of the IBD. Addition-
ally, the serum miR-16 levels reflect a cross-sec-
tional study, and we were not able to assess serial
measurements during longitudinal study. Until
present, we cannot provide any explanation for
the non-increased as compared to healthy control
expression in severe UC.

Tian et al* establish that there is an increased
miR-16 expression in UC patients in comparison
to IBD patients and healthy controls. This sug-
gests that the altered expression of miR-16 may
be related to IBD and demonstrates that miR-16
inhibits the expression of adenosine A2a receptor
protein (A2aAR) at a post-transcriptomic level®.
These results show that both miR-16 and A2aAR
may be potential therapeutic targets for control of
the inflammation and a treatment, targeting these
molecules may be beneficial for IBD patients®.
Some reports® associate the increased miR-16
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expression with the decreased levels TNF-a and
IL-12p40 in colonic macrophages. This may, at
least partly, demonstrate the role of miR-16 in the
suppression of the inflammatory processes within
the mucosa.

MiR-16 targets a number of genes, participat-
ing in the apoptosis control, the cell cycle regu-
lation and survival as well as in the macrophage
differentiation. The NF-kB signal pathway di-
rectly participates in the control of the inflamma-
tion processes, as well as in the tumor genesis and
progression of the colorectal cancer. This justifies
future research and serial measurements, reflect-
ing the dynamics of miR-16 expression levels in
IBD patients with chronic and difficult to treat
inflammatory processes.

Conclusions

MiR-16 is important for the inflammatory pro-
cesses and the signal pathways that participate
in the immune system regulation. The increased
miR-16 serum expression correlates with disease
activity, intestinal localization of CD, stenotic
and penetrating phenotype. miR-16 could also
serve as a potential biomarker to assess inflam-
mation. The holistic role of miR-16 is not yet
entirely known, which justifies its future explo-
ration in larger prospective cohort studies in IBD
patients in order to assess the role of miR-16 in
the processes of inflammation.
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