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ABSTRACT

Background: As miR-155 influences a wide spectrum of inflammatory mediators, the study of this miRNA may suggest a new
insight over the cancer development mechanisms. This is why the investigation of the miR-155 expression may reveal a potential
relation between inflammation and gastrointestinal cancer.

The aim of the current study is to assess the miR-155 expression levels in patients with Crohn’s disease (CD) and ulcerative
colitis (UC).

Materials and Methods: The expression of miR-155 was studied in 70 consecutive patients with a confirmed diagnosis of IBD:
35 with CD and 35 with UC and 30 healthy controls. Disease activity was evaluated by the clinical symptoms, biochemical in-
flammatory parameters (CRP, FCP) and validated indices for evaluating IBD activity (CDAI for CD, Montreal Classification, and
partial Mayo score for UC). 25(OH)D serum concentrations were measured by a commercial paramagnetic particle chemilumi-
nescent immunoassay for the quantitative determination of total 25 - hydroxyvitamin D [25(OH) vitamin D] levels use on
Access 2 Immunoassay Systems. Serum expression of miR-155 by reverse transcriptase, a real-time quantitative polymerase
chain reaction (RT-qPCR), was tested in all.

Results: The analysis of the results showed that the circulating miR-155 was increased in Crohn-colitis (3.51+5.22) and exten-
sive UC (2.86+5.44). Levels of CDAI above 150 were a risk factor for detection of increased miR-155 expression levels (OR=10,
91 (1.194-99,688); p=0.017). An increased miR-155 expression was detected in patients, treated with corticosteroids (5.20+8.91
for UC and 3.3943.10 for CD). There was an inverse proportional moderate correlation with the levels of FCP (r=-0.344 :p<0.05).
Vitamin D deficiency (25(OH)D) led to a 1.24 higher risk for increased serum level of miR-155.

Conclusions: The increased expression of miR-155 in patients with IBD is seen in disease localization in the colon, persistent
inflammation, severe disease activity, vitamin D deficiency and treatment with corticosteroids.
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INTRODUCTION to different diseases in humans: metabolic disturbances, car-

_ . . diovascular or liver diseases as well as to immune dysfunc-
Micro RNAs (miRNAs) are endogenous non-coding RNAs o1 including development of neoplasms.'>!415

(ncRNAs), with length of about 22 nucleotides. The biogen-
esis of the miRNAs develops in several steps of post-tran-
scriptional modifications in the nucleus and the cytoplasm.!
Over 60% of all genes, that code proteins, are regulated by
miRNAs 2** and one miRNA has on average 200 targets.>*’

The expression of miRNA-155 (miR-155) is related to dif-
ferent cardiovascular diseases, inflammation and cancers. Its
multifunctional regulatory role defines the interest towards
this particular miRNA, that is considered to be the most ex-

tensively studied miRNA.
miRNAs are important regulators of different cellular pro-

cesses, including development, differentiation and signaliza-
tion.}*1%112 The dysregulation of specific miRNAs may lead

Expression of miR-155 was first reported in human spleen
and thymus and subsequently in liver, lungs and kid-
neys.!%!¢ Later on, it was established that this miRNA has
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an abnormally increased expression in different activated
immune cells!’, which defines the important role of miR-
155 in immune response.'®

miR-155 responds to many inflammatory stimuli as tumor
necrosis factor alfa (TNF-a), interleukin (IL) -1b, interfer-
ons, pathogen-associated molecular patterns (PAMP), dam-
age-associated molecular patterns, (DAMP)", alarmins (e.g.
IL-1a)*, hypoxia®', as well as in Toll-like receptor ligans
(TLR) in monocytes and macrophages B cells.??

The expression of miR-155 is controlled by multiple signal
pathways. The regulatory cytokines, including Transforming
Growth Factor beta (TGF-f) may induce or inhibit the ex-
pression of miR-155.%2

In IBD, the negative feedback control over the inflammation
is disturbed, leading to an excess activation of the inflamma-
tory signal pathways.2

The endogeneous and the synthetic glucocorticoids are high-
ly effective to slow down the process of acute inflammation
via suppression of the miR-155 expression in the glucocor-
ticoid receptor and/or via nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB).?"2%2

Chen Y, et.al, 2013* identified that the vitamin D recep-
tor signal pathway blocks the activation of NF-kB and thus
leads to a decrease in miR-155 levels. As a result of this, the
translation of SOCSI is increased, allowing for an increase
in the regulation of the negative feedback over the immune
response.*!

At least 15-20% of all types of human cancer are related to
chronic inflammation: diseases as IBD, colorectal cancer, co-
litis associated cancer (in ulcerative colitis), chronic gastritis
and H. pylori (gastric cancer, GC).*> As miR-155 influences
a wide spectrum of inflammatory mediators, the study of this
micro-RNA may suggest a new insight over the cancer de-
velopment mechanisms. This is why the investigation of the
miR-155 expression may reveal a potential relation between
inflammation and gastrointestinal cancer.

The aim of the current study is to assess the miR-155
expression levels in patients with Crohn’s disease (CD) and
ulcerative colitis (UC).

MATERIALS AND METHODS

The expression of miR-155 was studied in 70 consecutive
patients with a confirmed diagnosis of IBD: 35 with CD and
35 with UC. Patients were treated at the Gastroenterology
clinic during a period of one year (April 2019 — April 2020).
30 healthy individuals were also tested in order to define a
healthy control study group. All IBD patients were classified
according to the Montreal classification. The clinical course
and treatment regiments were assessed. Disease activity was

evaluated by the clinical symptoms, biochemical inflamma-
tory parameters (C reactive protein - CRP, fecal calprotec-
tin - FCP) and validated indices for evaluating IBD activity
(CDALI for CD, Montreal Classification, and partial Mayo
score for UC). Biochemical parameters (CRP and FCP)
were assessed as either normal or abnormal: FCP was con-
sidered as normal if levels were < 50 mg/g; CRP was con-
sidered abnormal (elevated) if measured > 5 mg/l. 25(OH)
D serum concentrations were measured by a commercial
paramagnetic particle chemiluminescent immunoassay for
the quantitative determination of total 25-hydroxyvitamin
D [25(OH) vitamin D] levels use on Access 2 Immunoas-
say Systems. Vitamin D deficiency was defined as a serum
level of 250HD lower than 50 nmol/L; serum level above 50
nmol/L but lower than 75 nmol/L was classified as vitamin
D insufficiency.

Levels of miR-155 were assessed in blood serum. 5 ml of
blood was obtained via peripheral venous puncture with
closed system BD Vacutainer™ SST™ [I Advance (Becton
Dickinson, USA). After withdrawal, the blood sample was
held 30 minutes at room temperature for clothing. Subse-
quently, it was centrifuged at 500xg for 15 minutes at
room temperature and the serum was separated and divided
into aliquots of' 500 pl that were immediately stored at —80 °C
until the moment of the analysis.

miRNAs were isolated from 200 pl serum using a pre-
existing commercial miRNeasy Serum/Plasma Kit, cata-
logue Ne217184 (QIAGEN, Germany) as per protocol of
the manufacturer.

3,5ul control miRNA C. elegans miR-39: miRNeasy Se-
rum/Plasma Spike-In Control, catalogue Ne219610 (QIA-
GEN, Germany), was added to each sample for normaliza-
tion control; the samples were afterwards eluted in 14 pl
RNA-ase free water.

Each of the samples was subsequently submitted to re-
verse transcription via ready-to-use commercial kit miS-
cript I RT Kit, catalogue Ne218161 (QIAGEN, Germany) as
per manufacturer’s protocol from 2,5 pl eluted miRNA in a
final volume of 10 ul 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 reaction (rt-PCR) via a ready-to-use
commercial kit miScript SYBR Green PCR Kit, catalogue
Ne 218073 (QIAGEN, Germany) and prepared primers miS-
cript Primer Assay, catalogue Ne218300 (QIAGEN, Ger-
many) as per manufacturer’s protocol: 1 ul complementary
DNA (cDNA) in 10 pl reactions in 3 - times repetitions for
3 target miRNA in plates. The used miScript Primer Assay
primers, catalogue Ne 218300 (QIAGEN, Germany) were
as follows (the reference number is in the brackets): Ce
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miR-39 1 (MS00019789), Hs miR-155 2 (MS00031486),
Hs RNU6-2 11 (MS00033740). The used temperature pa-
rameters were 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; analysis of the
melting curve in order to prove the specificity of the ampli-
fication: 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 (USA) company; a threshold cycle (Ct) was as-
sessed for each sample. Receiver Operating Characteristic
Curve (ROC) was calculated to detect diagnostic perfor-
mance of the test, sensitivity, specificity, positive and nega-
tive predictive values. Significance of the obtained results
was judged at the 5% level.

The results were calculated with SPSS, v. 20.0 for Windows.
We used variation, correlation, regression analyses as well
risk assessment and comparative analyses (2, t-test, ANO-
VA). p<0.05 was used as a level of significance.

The clinical trial was initiated after approval and permission
Ne82 / 28.03.2019 of the Ethics commission for scientific
research at the Medical University — Varna, Bulgaria.

Results: Table 1 shows the characteristics of the patients
with CD, UC and the healthy control subjects.

As there are no validated referent thresholds for the expres-
sion of any micro RNA, we calculated a cut-off threshold
level in order to differentiate between healthy control sub-
jects and patients with chronic inflammatory bowel diseas-
es (IBD). This cut-off is specific for our cohort of studied
healthy subjects and was used as a marker for assessment of
the miR-155 expression in patients with UC and CD. In our
study, the cut-off value for the miR-155 is calculated at 1.37
(AUC 0.620; 0.497-0.742) with a sensitivity of 61.4 % and
specificity of 63.3 % (Fig. 1).

Table 2 shows the expression of miR-155 according to the
characteristics of the patients with CD and UC.

The analysis of the results of the miR-155 according to the
localization of the disease indicates that the circulating miR-
155 was increased in Crohn-colitis (3.51£5.22) and extensive
UC (2.86£5.44). In patients with CD, there was no significant
difference in the miR-155 expression levels in inflammatory
(B1) or stenotic (B2) form of the disease, whereas in patients
with UC, not achieving a significant remission (chronic per-
sistent form), the expression of miR-155 was significantly
higher as compared to patients with chronic relapsing course
of disease (5.53+9.56 vs 1.54£1.22; P=0.032).

The correlation analysis showed a proportional moderate
correlation between miR-155 expression CDAI (r=0.415;
p=0.015). This indicates that the progression of the disease

activity led to an increase in the serum expression levels
of miR-155. Patients with moderate CD activity had sig-
nificantly increased expression of miR-155 as compared
to patients in remission or with mild activity (6.08+5.12
vs 2.11£2.09 and 2.11+1.07; p=0.009). Levels of CDAI
above 150 were a risk factor for detection of increased
miR-155 expression levels (OR=10,91 (1.194-99,688);
p=0.017).

The analysis of the correlation between the severity of the
UC and the expression of miR- 155 showed that the severity
index S (as per the Montreal classification) had a pro-
portional moderate correlation with the increased expression
of miR-155 (r=0.321; p=0.048). Patients with severe disease
activity had a significantly higher expression levels of
miR-155 (p<0.05). On the other hand, the endoscopic ac-
tivity, measured by the Partial Mayo score, did not show a
correlation with the miR-155 expression — the miR-155 lev-
els were increased in patients with moderate disease activity
(4.82+9.05) and decreased in patients with severe activity
(2.23£1.75). In patients with UC in remission or with mild
disease activity, the miR-155 expression levels were close or
just mildly below the threshold cut- off value, defined for the
healthy control subjects.

Regarding the treatment, an increased miR-155 expres-
sion was detected in patients, treated with corticosteroids
(5.20+8.91 for UC and 3.39+3.10 for CD). The expression of
miR-155 was similar in patients, treated with immune modu-
lators in both CD and UC. In patients with UC, receiving
biological treatment, the levels of serum miR-155 expres-
sion are below the defined cut-off value for healthy controls.

Other widely used biomarkers, used to biochemically as-
sess inflammation in patients with IBD, are CRP and FCP.
The mean level of CRP levels in patients with IBD was
19.31 mg/l £+ 32.69 mg/1 (0.09-160.0 mg/l), and for FCP it
was 459.19 mg/g + 490.74 mg/g (2.00 — 1800 mg/g). The
results of the analysis of the correlation between the miR-
155 expression and CRP or FCP showed that the levels of
the tested miR do not correlate with the levels of CRP, but
there was an inverse proportional moderate correlation with
the levels of FCP (r=-0.344 :p<0.05).

The mean 25(OH)D serum expression level in patients with
IBD was 44.14 nmol/L +£17.47 nmol/L with a variation be-
tween 2.76 nmol/L and 90.65 nmol/L. These results showed
that the expression of miR-155 was different according to
the serum levels of 25(OH)D. In patients with 25(OH)D
serum levels < 50 nmol/L, the expression of miR-155 was
significantly higher as compared to patients with 25(OH)D
levels > 50 nmol/L (3.53+6.35 vs 2.38+2.23; p=0.041). Vi-
tamin D deficiency (25(OH)D) led to a 1.24 higher risk for
increased serum level of miR-155.
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DISCUSSION

Many studies show that the miR-155 expression is increased
in patients with IBD, both in UC and CD.3*3*35 Our results
also correspond with previous publications, showing a sig-
nificantly higher miR-155 expression levels in patients with
IBD as compared to healthy individuals.

The expression of miR-155 in patients with active UC is
increased in comparison to healthy individuals. This is a
result of the direct decrease in the expression of FOXO3a
gene which may additionally activate the NF-xB signaling
pathway and increase the inflammatory cytokines and thus
maintain inflammation.*® These results are confirmed by our
study as well.

In our trial, patients with persistent inflammation and no re-
mission as well as a localization of their disease in the colon,
have a significantly higher miR-155 expression. It is well
known that chronic inflammation is the background of the
IBD, UC-associated carcinoma as well of colorectal cancer.>

Logically, the change in the expression of miR-155 levels
during monitoring of inflammatory processes in IBD could
be a potential biomarker for early discovery of dysplasia.
Further larger prospective cohort trials in IBD patients are
needed to explore the role of miR-155 in the tumorigenesis
and to validate the change in its expression levels as a poten-
tial biomarker for occurrence of dysplasia and its transition
into tumorigenesis.

There are publications that the localization and the disease
course may be related to different miR-155 levels. Increased
miR-155 levels in intestinal myofibroblasts and in mucosa
of the colon are related to the control of the Th17 inflamma-
tory pathway, targeting FOXO3a and IL-8, thus promoting
fibrosis formation.>”-*

It has been proven that miR-155 plays a significant role in
the control of the inflammation and the immune regulation
and it is logical that its expression is significantly higher in
patients with active disease, regardless of the method, as-
sessing the activity of the disease.

Chen Y. et.al. describes a new mechanism, where vitamin
D receptor signaling pathway controls the TLR4-mediated
inflammation in IBD and the immune mediated diseases.
This anti- inflammatory mechanism is mediated via miR-
155 suppressing the regulation, decreasing SOCS1. This
leads to enhancement of the regulation of the negative
feedback. Vitamin D — receptor signaling pathway inhibits
miR-155 via a transcription mechanism.*® This process of
suppression of the miR-155 expression is also confirmed
in our study where we established an inverse proportional
correlation between the vitamin D levels and the miR-155
expression. Vitamin D deficiency correlates with higher
miR-155 expression levels.

Treatment with 5-ASA (5 — aminosalicylic acid) and biologi-
cals is highly effective in patients with UC and leads to a de-
crease in the miR-155 expression to levels, close to or below
the threshold cut-off values as in health individuals. On the
other hand, in patients with CD, treated with 5-ASA, the lev-
els of miR-155 do not decrease to such extent which shows
the persistence of the inflammation and explains the difficult
achievement of remission in patients with CD.

Treatment with corticosteroids is highly effective to suppress
the acute inflammation via a change in the miR-155 expres-
sion.””?® In our cohort of patients, treated with corticoster-
oids in order to induce remission, the levels of miR-155 are
increased and this may be explained by the fact that the dis-
ease remission, induced by corticosteroids is short-term and
unstable as there is a high risk of recurrence or complications
of the disease.

CONCLUSION

The increased expression of miR-155 in patients with IBD
is seen in disease localization in the colon, persistent in-
flammation, severe disease activity, vitamin D deficiency
and treatment with corticosteroids. Decreased miR-155 ex-
pression with levels, close to the levels of healthy subjects
is reported predominantly in patients with UC in remission,
induced by biological therapy. As miR-155 has a significant
role in the assessment of the inflammatory process and plays
an important role in the tumorigenesis, a longer monitoring
of the dynamics of its expression in patients with active IBD
may reveal a potential crosspoint between inflammation and
gastrointestinal cancer.
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Table 1: Characteristics of the patients with IBD according to the Montreal classification

Active CD CD in Active UC UCin Healthy
(n=20) remission (n=20) remission controls
) ) (n=30)
Age, years Current 41.1£12.9 42.1+14.8 37.9+13.8 46.4+16.1 26.2%6.2
(mean=SD, (18-71) (23-75) (19-73) (18-71) (18-42)
range) Diagnosis 35.5%11.6 36.8+15.1 30.8+11.5 35.3%14.3 -
(14-56) (19-75) (15-53) (17-62)
Sex Male 13/65.0% 5/33.3% 7/35.0% 8/53.3% 15/50.0%
Female 7/35.0% 10/66.7% 13/65.0% 7/46.7% 15/50.0%
Localization = Li/E1 13/65.0% 6/40.0% - 1/6,7 % -
of CD/UC L2/E2 - 5/33.3% 8/40.0% 3/20.0 % -
L3/E3 7/35.0% 4/26.7% 12/60.0% 1/73.3 % -
Behavior B1 5/25.0% 12/80.0% - - -
B2 9/45.0% 2/13.3% - - -
B3 5/25.0% 1/6.7% - - -
B2-B3 1/5.0% - - - -
Chronic relapsing - - 13/65.0% 15/100 % -
Chronic
persistent - - 7/35.0% - -
Duration of  (mean=SD,
the IBD, range) 67.4£66.4 (3-204) 66.3x51.6 (3-156)  84.7%97.3 (1- 150.8+137.6 (12- -
months 336) 492)
Treatment 5ASA 1/5.0% 1/6.7% 7/35.0% - -
Corticosterioids 6/30.0% 1/6.7 % 8/40.0% 5/33.3% -
Immune
modulators 1/5.0% 1/6.7 % 2/10.0% 9/60.0% -
Biological
treatment 12/60.0% 12/80.0% 3/15.0% 1/6.7% -
Vitamin D (mean=SD, 39.45+15.65 53.02+16.77 40.32+15.41 55.22+21.07
(25 OH D) range) (2.76-71.14) (26.37-73.17) (25.66-77.0) (26.41-90.65) -
< 50 nmol/L 15/75.0% 2/28.6% 1/73.3% 3/37.5% -
> 50 nmol/L 5/25.0% 5/71.4% 4/26.7% 5/62.5% -
CRP (mg/1) (mean=SD, 39.22+45.17 3.24%+2.51 22.51229.85 2.30%2.07
range) (0.17-160.0) (0.09£8.34) (0.47-91.9) (0.13-6.90) -
<5mg/L 5/25.0% 11/73.3% 6/30.0% 10/76.9% -
>5mg/L 15/75.0% 4/26.7% 14/70.0% 3/231% -
FCP (mg/g) (mean+SD, 449.14+339.82 112.91+194.48 1054.89+413.67 198.07+268.7
range) (10.0-910.0) (2.0-648.0) (300.0-1800.0) (12.5-759.0) -
<50 mg/g 7/100 % 6/60.0% - 4/571% -
> 50 mg/g - 4/40.0% 9/100.0 % 3/42.9% -
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Table 2: Expression of micro-RNA 155 according to the main characteristics of the patients with CD and UC.

Baseline characteristics

miR-155 expression (mean+SD)

CD (n=35) UC (n=35)
Location Li/Ea 2.51+2.42 2.19
L2/E2 3.51+5.22 1.25+0.96
Cb/uc L3/E3 2.53+1.84 2.8615.44
Behavior B1 2.87+3.36 -
P B2 2.89+2.55 -
=0.032 B3 1.86+1.06 -
B2-B3 1.48 -
chronic recurrent - 1.54+1.22
chronic persistent - 5.53+9.56
CDAI Remission 2.11+2.09 -
Mild 2.11£1.07 -
P=0.009 Moderate 6.08+5.12 -
S (severity) Remission - L11+0.75
Mild - 1.33+1.02
Moderate - 1.63+0.48
Severe - 4.92%7.93
Mayo score Remission - 1.22+0.79
Mild - 1.34%0.85
Moderate - 4.82+9.05
Severe - 2.23+1.75
Treatment 5ASA 2.71+2.76 1.65+1.51
Corticosteroids 3.39+3.10 5.20+8.91
Immune modulators 1.94%0.72 1.90%1.26
Biological treatment 2.51+2.85 1.23+0.86
Vitamin D (25 OH D) <50 nmol/L 3.15+2.69 1.44+0.95
> 50 nmol/L 2.80+3.73 4.34+8.58
CRP (mg/) <5mg/L 3.05+3.37 1.11+0.89
>5mg/L 2.34+2.16 3.63+6.18
FCP (mg/g) <50 mg/g 4.04%3.98 1.63+0.70
> 50 mg/g 1.45%0.57 3.80%7.44
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Figure 1: A receiver operating characteristic curve (ROC curve) for serum miR-155 expression to predict cases (from control).
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