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Abstract

were determined using the SYBR Green gRT-PCR.

TSLP and IL-33 and the severity of UC disease.

Purpose: Inflammatory bowel disease (IBD) primarily includes ulcerative colitis (UC) and Crohn’s disease (CD). Thymic
stromal lymphopoietin (TSLP) is a cytokine produced by intestinal epithelial cells (IECs) with immunomodulatory
properties that plays an important role in the development of regulatory T cell (Treg) responses and tolerance in the
gut. On the other hand, IL.-33 has been considered as a cytokine with two different properties, inflammatory and anti-
inflammatory functions, the latter may play a protective role against chronic intestinal inflammation. In the present
study, we investigated the relative gene expression levels of TSLP and IL-33 molecules in ulcerative colitis.

Methods: Patients with clinical symptoms of colitis undergoing a routine diagnostic colonoscopy were included in
this study. Biopsy specimens were collected and divided into two parts. One part was fixed and processed for routine
histopathological examinations and the other part was stored for RNA extraction. TSLP and IL-33 gene expression

Results: The expression level of TSLP and IL-33 were significantly lower in UC patients compared with the control
group. Moreover, the expressions of these cytokines were more down-regulated in severe UC patients compared with
mild and moderate ones and the control group. We also showed a positive correlation between low expression of

Conclusions: In this study, we showed decreased mRNA expression levels of TSLP and IL-33 in UC patients and also a
negative correlation between expression of TSLP and IL-33 and severity of UC disease.
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Introduction

Ulcerative colitis (UC) is a kind of inflammatory bowel
disease (IBD) that characterized by recurrent colonic
mucosal inflammation and constitutive dysregulation
of cytokine production [1]. Although the etiology of UC
remains unclear, it may be related to the genetic and
environmental factors, along with dysfunction of the
host immune responses against gut microbiota [2] among
which, immunological factors are particularly important.
Evidence suggest that defects in the apoptotic pathway of
T cells and intestinal epithelial cells (IECs) are important
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and indicate if changes were made.

in the pathogenesis of the disease. IECs play a crucial role
in immune hemostasis through the barrier function as
well as innate immune defense and ability to modulate
intestinal immune responses [3, 4]. Intestinal epithe-
lial cells produce thymic stromal lymphopoietin (TSLP)
cytokine with immunomodulatory properties. IEC-
derived TSLP is produced in response to signals received
from commensal bacteria which promote dendritic cells
(DC) and macrophages with tolerogenic properties. IEC-
derived TSLP also contributes to the development and
function of regulatory T cell (Treg) responses at mucosal
sites [5, 6]. Besides anti-inflammatory and tolerogenic
activity, TSLP seems to play a pro-inflammatory role.
TSLP activates myeloid DCs and increases the expression
of MHCII, CD80, CD83, and CD86 molecules on the sur-
face of these cells. Activated myeloid DCs then stimulate
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naive T CD47 cells and induce inflammatory T helper 2
(Th2) cells through the development of type 2 cytokines
and activation of noncanonical NF-kB signaling. TSLP
can also act directly on T cells via promoting prolifera-
tion and differentiation of naive CD4™ T cells to Th2 cells
through the induction of IL-4 gene transcription. TSLP
also stimulates cytokine production from mast cells,
NKT cells, and eosinophils [7, 8]. Impairment of TSLP
production by IECs due to inappropriate DC activation,
increasing production of pro-inflammatory cytokines,
and development of intestinal inflammation causes intes-
tinal disorders, such as IBD [9-12]. Many studies indicate
that TSLP and other cytokines that their receptors share
common gamma chain play a main role in regulation the
activity of immune cells and are thus important for thera-
peutic approaches [4, 13-15].

Interleukin-33 (IL-33), a novel identified member of
the IL-1 family, has been reported to be produced by sev-
eral different cell types, such as fibroblasts, adipocytes,
endothelial cells, and intestinal epithelial cells [2, 16].
IL-33 plays a major role in improving and controlling the
bowel inflammation, particularly in UC [17]. IL-33 has a
single domain that binds to its receptor, IL-1 receptor like
1 (IL1RL1), also known as suppression of tumorigenic-
ity 2 (ST2), and eliminates intestinal parasite infections
through the induction of Th2 cytokines, such as IL-13
and IL-5 [18-21]. ST2 receptor is expressed on human
and mice basophils, eosinophils, mast cells, monocytes,
DCs, NKT cells, and Th2 lymphocytes [22-24]. This
cytokine induces development of tolerogenic DCs and
macrophages and finally leads to induction of iTregs [25].
In some studies, decreased levels of IL-33 and elevated
levels of soluble ST2 (sST2), a decoy receptor of IL-33,
was observed in sera from patients with IBD compared
with healthy individuals [17]. In fact, IL-33 has been con-
sidered as a cytokine with dual functions. In the normal
conditions, it can promote macrophage polarization
towards M2 phenotype and enhance TGF- expression
which is important in the induction of Tregs. In intesti-
nal inflammation, however, IL-33 play its protective role
by Th2 induction. The aim of this study was to determine
the relative gene expression of TSLP and IL-33 in UC
patients and healthy individuals.

Materials and methods

Sample collection and processing

In this case—control study, sixty patients with 42.53 +3.42
age average and clinical symptoms of colitis who under-
went a diagnostic colonoscopy at Tooba Outpatient
Clinic (Mazandaran University of Medical Sciences, Sari,
Iran) were enrolled in this study. None of the subjects
received cyclosporine, non-steroidal anti-inflammatory
drugs (NSAIDs), or any antibiotics during past 2 weeks.
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Patients underwent colonoscopy for the first time.
Patients who showed signs of inflammatory bowel dis-
ease, such as edematous mucosa, submucosal bleeding,
or ulcers, confirmed by a pathologist, were considered
as ulcerative colitis, and those without the mentioned
signs, were considered as controls. Patients with ulcera-
tive colitis were further divided into three subgroups,
including mild, moderate, and severe based on global
colonoscopies appearance and clinical signs and disease
activity. The biopsy specimens were collected and divided
into two parts. One part was fixed and processed for rou-
tine histopathological examinations and the other part
was stored for RNA extraction. This study was approved
by the Ethics Committee of Mazandaran University of
Medical Sciences (Ethics Committee Code: Mazums.
rec.1391.91-49) and informed consent was obtained from
all patients.

RNA isolation and cDNA synthesis

The biopsy specimens were collected and each tissue
specimen was homogenized using mortar and pestle at
room temperature. Total RNA was extracted from the
dissected tissues using a commercial RNA extraction
kit (RNeasy Minikit, Qiagen) according to the manufac-
turer’s instructions. The quantity and quality of extracted
RNAs were assessed by a nanodrop spectrophotometer
(Thermo Fisher Scientific Inc., USA) and agarose gel
electrophoresis, respectively. RNA (1 pg) was reverse-
transcribed into complementary DNA (cDNA) using the
RevertAid"™ FirstStrand cDNA Synthesis Kit (Fermentas)
primed with random hexamer primer in accordance with
the manufacturer’s instructions.

Quantitative reverse transcriptase polymerase chain
reaction (QRT-PCR)

The sequences of TSLP and IL-33 along with Glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH), as a ref-
erence gene, were obtained from the GenBank (Table 1).
Quantitative PCR was performed using SYBR Green PCR
and primers for amplification of TSLP, IL-33and GAPDH
were designed using the Beacon designer 7 software and
synthesized by TIBmol (Germany) (Table 1).

Table 1 shows primer sequences of target and house-
keeping genes. The housekeeping gene glyceraldehyde-
3phosphate dehydrogenase (GAPDH) was used as an
endogenous reference gene. All tests were performed in
triplicate. qRT-PCR was performed in a 25 pl reaction
containing; 15 pl SYBR Premix EX Taqll (2x) (Takara,
Japan) 50 ng of total RNA input and 0.05 uM SYBR-
Green primer sets. qRT-PCR was performed under the
following conditions: 94 °C, 2 min, followed by 94 °C,
30s;58°C, 305,72 °C, 45 s and cycled 40 times. GAPDH
allows normalization of the expression level of the target
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Table 1 Primers and probes used for qRT-PCR quantification
Gene Accession number Primers and Probes (5/-3) Product
size (bp)
TSLP XM_011543698.1 F: 5-TCG GAA ACT CAG ATA AAT GCT AC-3/ 115
R: 5-TGA AGC GAC GCC ACA ATC-3/
IL-33 XM_017015285.1 F: 5-TGC ATG CCA ACA ACA AGG AAC-3/ 133
R: 5-ACT CCA GGATCA GTCTTG CATTC-3/
GAPDH NM_002046.5 F: 5/-GCT GGG GCT CATTTG CAG-3/ 135
R: 5'-GCA GGA GGC ATT GCT GAT G-3’
F, forward primer; R, reverse primer
gene (TSLP and IL-33) to the amount of input cDNA. Table2 Clinical characteristics of subjects
ACT between the GAPDH and target genes (CTTargEt Clinical characteristics Ulcerative Non-ulcerative

gene — CTReference gene) Was calculated for case and con-
trol group, and AACT was calculated by subtracting the
average ACT of case samples from the average ACT of
control samples. Fold change expression was carried out
using the 2722T method.

Statistical analysis
Statistical analyses were performed using the SPSS ver-
sion 17.0 software. Distribution of data was evaluated
using Kolmogorov—Smirnov test. Quantitative variables
were assessed using independent ¢ test or one-way anal-
ysis of variance (ANOVA). Qualitative variables were
assessed applying x> or Fisher exact test. Multivariate
logistic regression analysis was used to assess any asso-
ciation in the gene expression between the patients and
the controls.

Differences between groups were considered statisti-
cally significant when P <0.05.

Results

Clinical characteristics of study population

Clinical characteristics of sixty subjects, including 30
UC patients and 30 non-UC subjects, as controls, were
shown in Table 2. According to Mayo scoring system,
four UC patients (20%) showed mild activity, thirteen
(65%) moderate activity and three (15%) severe activity.
All subjects in the control group showed normal activity
(Table 2).

Expressions of TSLP and IL-33in UC patients and healthy
controls

To evaluate the relative mRNA expressions of TSLP and
IL-33, colonic biopsies from UC patients (N=30) and
controls (N=30) were analyzed by qRT-PCR. The results
showed that the expression levels of both TSLP and IL-33
were significantly lower in UC patients than in healthy
subjects (P=0.001 and P=0.002, respectively) (Fig. 1a,
b).

colitis (UC) colitis (non-UC)

Male 40% (8) 50% (11)
Female 60% (12) 45% (9)
Age (less than 40) 50% (10) 10% (2)
Age (more than 40) 30% (6) 35% (7)
Disease duration (less than 1 year) 50% (10) 45% (9)
Disease duration (more than 1 year) 35% (7) 15% (3)
Disease activity (severe) 5% (3) -

Disease activity (moderate) 65% (13) -

Disease activity (mild) 20% (4) -

Healthy - 100% (20)

Correlation of IL-33 and TSLP expression with severity

of disease

Relative mRNA expressions of TSLP and IL-33 were
down-regulated in severe UC patients, mild, moderate
and control group, respectively. The expression of TSLP
was down-regulated in severe UC patients compared
with mild and moderate (Fig. 2a). In addition, the expres-
sion of IL-33 was down-regulated in severe UC patients
compared with mild and moderate (P =0.003) (Fig. 2b).

Comparing between the expressions of IL-33 and TSLP
with gender

Expression levels of TSLP in female subjects were lower
than in male in both UC patients and healthy controls
(P=0.099) (Fig. 3a), while expression levels of IL-33
in female were higher than in male in UC patients and
healthy controls (P=0.941) (Fig. 3b). They were not sta-
tistically significant.

Comparing between the expressions of IL-33 and TSLP
with age

TSLP was expressed less in subjects over 40 years
old than in those under 40 years old in UC patients
(P=0.418) (Fig. 4a); however, IL-33 was expressed more
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Fig. 1 Expression of TSLP and IL-33 mRNA in UC patients and healthy controls. Colonic biopsies were taken from UC patients and non UC subjects.
The expression of TSLP mRNA and IL-33 mRNA analyzed by quantitative SYBR Green PCR. The results represent mean = standard deviation (SD). The
expression of TSLP mRNA (a) and IL-33 mRNA (b) were lower in UC patients compared with control group (P: 0.001 and P: 0.0002, respectively)
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Fig. 2 Comparison between the expressions of TSLP (a) and IL-33 (b) and severity of disease. The relative expressions of TSLP mRNA is
down-regulated in severe UC patients compared to mild and moderate ones and control group, respectively

a

o p: 0.099

?

; L 3 Male
g @@ Female
g 1.0

Q.

X

b

< os-

['4

: i

o

S o

B 0.0 { T

Q ‘o ,’0

© oo“‘ &

Relative mRNA expression of IL-33 T

p: 0.941
1.54
3 Male
B Female
1.0
0.5
0.0 T I |.
G&Q

%,
éo

00

Fig. 3 Comparison between the expressions of TSLP and IL-33 and gender. The relative expressions of TSLP mRNA in female were less than male in
UC patients and healthy control (a) (P =0.099). The relative expressions of IL.-33 mRNA in female more than male in UC patients and healthy control
(b) (P =0.941P). The differences were not statistically significant
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Fig. 4 Comparison between the expressions of TSLP and IL-33 with age. The relative expressions of TSLP mRNA (a) and IL.-33 mRNA (b) in subjects
over 40 years old less than subjects under 40 years old in UC patients (P: 0.418 and P: 0.011, respectively). They were not statistically significant

in subjects over 40 years old than in those under 40 years
old in UC patients and healthy controls (P=0.011)
(Fig. 4b).

Comparison of the expressions of TSLP and IL-33

with stages of disease

The expressions of TSLP in UC patients with advanced
stage of disease were less than subjects with early stage of
disease and healthy control (P =0.006) (Fig. 5a). Also, the
expressions of IL-33 in UC patients with advanced stage
of disease less than subjects with early stage of disease
and healthy controls (P=0.001) (Fig. 5b).

Discussion

In this study, we evaluated mRNA expression levels of
IL-33 and TSLP and revealed the low expression of these
cytokines in UC patients. We found that the expressions
of these cytokines were more down-regulated in severe
UC patients compared with mild, moderate ones and the
control group. Although the role of IL-33 in IBD has not

been completely understood, IL-33 has been known as a
cytokine with both pro- and anti-inflammatory proper-
ties [26—28]. These dual functions can be resulted from
different concentrations of IL-33 [28]. In the optimal situ-
ation, intestinal epithelial cells produce IL-33 and TSLP,
both induce the development of tolerogenic DCs, M2
macrophages and eventually induction of iTregs. Con-
sequently, macrophages and iTregs produce IL-10 and
TGE-B, respectively.

This occurs in the bowel under physiological circum-
stances and plays a principle role in inhibition of chronic
inflammation observed in IBD. In addition, IL-33 induces
iTregs in the bowel resulting in healing the inflamma-
tory lesions [17]. IL-33 and TSLP also induce inflamma-
tion via eosinophil and mast cell activation by secretion
of IL-13 and IL-5. These cytokines deviate the immune
responses toward Th2 that have protective effect on UC.
Based on our results, expression levels of both IL-33 and
TSLP showed a negative correlation with the severity of
UC. This shows that high mRNAs expression of IL-33
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Fig. 5 Comparison between the expressions of TSLP and IL-33 with stages of disease. The relative expressions of TSLP mRNA (@) and IL-33 mRNA (b)
in UC patients with advanced stage of disease less than subjects with early stage of disease and healthy controls (P: 0.006 and P: 0.001, respectively)
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and TSLP might play a protective role in development
and severity of UC. High levels of IL-33 could restore the
goblet cells and promote switching of M1 macrophages to
M2 phenotype with anti-inflammatory properties which
might play healing roles in IBD. On the other hand, low
levels of IL-33 fail to promote M1 macrophages to M2
ones and also Th2 induction. This leads to severe forms
of UC. In a similar way, the levels of TSLP are correlated
with development and severity of disease [28].

There are some compatible and incompatible results
from other studies in comparison with our results. Seo
et al. showed decreased levels of IL-33 in sera of patients
with IBD compared with healthy individuals suggested
that IL-33 can attenuate UC. Also their results are con-
sistent with our findings which low levels of IL-33 were
correlated with severity of diseases. They also showed the
elevated levels of soluble ST2 (sST2), as a decoy receptor
of IL-33, in chronic intestinal inflammations [28]. In con-
trast, Maha et al. showed a significant increase in serum
levels of IL-33 in patients with UC and chronic intesti-
nal inflammation compared with healthy control group
[2] and Pastorelli et al. showed elevated levels of IL-33 in
sera from IBD patients [23]. Also, Kobori et al. showed
elevated mRNA expression of IL-33 in active lesions from
UC patients [29].

Our results also showed lower mRNA expression of
TSLP in UC patients compared to controls. TSLP can
promote both Treg and Th2 responses thus inhibit Thl
and Th17 responses that consequently suppress inflam-
mation [12, 17, 30]. Therefore, there are two implications
about the properties of TSLP and IL-33. Firstly, these
cytokines show anti-inflammatory role via induction of
tolerogenic DCs and M2 macrophages leading to devel-
opment of Treg responses [4, 31, 32]. Secondly, these
two cytokines modulate the differentiation of Th cells to
promote Th2 cells [12]. Therefore, TSLP and IL-33 play
a critical role in intestinal immune homeostasis. Our
results support the hypothesis that TSLP and IL-33 have
a protective effect in UC and low levels of these cytokines
can promote the severity of disease.

Conclusions

In this study, we showed decreased mRNA expression
levels of TSLP and IL-33 in UC patients and also, a nega-
tive correlation between expression of TSLP and IL-33
and severity of UC disease. Regarding the Th2 and Treg
induction by TSLP and IL-33, it is predictable that IBD
will be the consequence of decreased levels of these
cytokines.
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