
Abstract
Background  Ulcerative colitis (UC) is thought to result from an aberrant immune response. Forkhead box protien 3 
(FOXP3) regulatory T (Treg) cells and Interleukin (IL)-23/T-helper 17 pathway play an important role in the patho-
genesis of inflammatory bowel disease, but little is known about their role in children with UC.
Objective  The aim of this study was to investigate the role of FOXP3 and IL-23 in the pathogenesis of UC by deter-
mining them in intestinal tissues of children with the disease.
Methods  We studied 29 patients with UC (18 pancolitis, nine left-sided colitis, and two proctocolitis) and 11 control 
subjects. Immunohistochemistry was used to examine FOXP3+ Treg cells and IL-23 in intestinal biopsy specimens 
from UC patients and from non-inflamed tissues in the control group.
Results  UC patients’ FOXP3+ Treg cells rate were significantly higher than those of the control group (45.67 ± 10.83 
vs. 22.06 ± 8.09, p=0.007). IL-23 expression rate in patients with UC was significantly higher than those of the con-
trol subjects (24.33 ± 13.81 vs. 12.91 ± 5.06, p=0.009). FOXP3+ Treg cells (43.21 ± 16.97) and IL-23 (25.12 ± 14.92) 
expression in patients with pancolitis were higher than in the control group (P=0.012 vs. p=0.022). However, no 
differences were determined in FOXP3+ Treg cells and IL-23 in patients with left colon involvement and proctocolitis 
compared to the control group.
Conclusions  FOXP3+ Treg cell and IL-23 expression were higher in the intestinal mucosa of children with UC. These 
data indicate that new therapeutic options directed toward inhibiting the IL23 pathway and raising Treg cell numbers 
may permit more efficacious treatment of UC.
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Özet
Amaç Ülseratif kolitin (UK), anormal immün yanıt sonucu geliştiği düşünülmektedir. Forkhead box protien 3 
(FOXP3) T regülatuvar (Treg) hücreleri ve interlökin (IL)-23/T-helper 17 yolağı, inflamatuvar bağırsak hastalığının 
patogenezinde önemli bir rol oynamaktadır. Ancak bu yolağın UK’li çocuklardaki rolü ile ilgili bilgilerimiz sınırlıdır. 
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Introduction
Ulcerative colitis (UC) is a chronic condition charac-
terized by diffuse inflammation in the colonic mucosa.1 
Although the pathogenesis is uncertain, several studies 
have shown that the disease is multifactorial, involving 
both genetic and environmental components.2 There is 
also evidence that immune disequilibrium, such as ex-
cessive inflammatory response and decreased immuno-
regulatory cells, leads to the development of UC.3

Immunological self-tolerance is established by regu-
latory T (Treg) cells, a subgroup of the CD4+ T cells 
that inhibit the development of other T cells and their 
functions.4,5 Forkhead box protien 3 (FOXP3) is a tran-

scriptional regulator and a member of the forkhead 
and winged helix family, of critical importance to Treg 
cell formation and functions.6 Studies have shown that 
FOXP3 gene mutations can lead to autoimmune diseas-
es such as immune dysregulation, polyendocrinopathy, 
enteropathy, and X-linked syndrome or X-linked auto-
immune allergic dysregulation.7,8 In addition, studies 
have shown that imbalance between Treg and effector T 
cells play a key role in the pathogenesis of UC.9

Interleukin (IL)-23 is a crucial component in the main-
tenance of immune response. It performs this role by 
regulating T cell memory function and by affecting the 
proliferation and survival of T helper 17 (Th17) cells re-
sponsible for manufacturing IL-17.10,11 There is growing 
evidence that IL-23, a cytokine consisting of IL-12p40 
and IL-23p19, is significantly involved in the develop-
ment of several immune-mediated inflammatory condi-
tions by recruiting various inflammatory cells and Th17 
cells.12 Available data from studies strongly support that, 
a role for the IL-23 in intestinal inflammation.13 More-
over, genome-wide association studies have also shown 
that IL-23 is associated with differentiation of Th17 cells 
and susceptibility to UC.14

Understanding the immunological mechanisms in-
volved in inflammation in the intestinal mucosa will 
facilitate the discovery of specific markers capable of 
use in diagnosis of the disease and in the development 
of new drugs. Studies have shown that impairment of 
FOXP3+ Treg cells and IL-23 functions play a signifi-
cant role in the development of UC.3 However, studies 
on this subject in children are limited. The purpose of 
this study was to investigate the role of FOXP3 and IL-
23 in the pathogenesis of UC by determining them in 
intestinal tissues of children with the disease. 

Materials and Methods
Study population

Patients diagnosed with UC were included in the study. 
The study was performed in line with the principles of 
the Helsinki Declaration and after approval had been 
granted by the local ethical committee (Registry number: 
2013/173 Identifier: Karadeniz Technical University, Fac-

Bu çalışmanın amacı UK’li çocukların bağırsak mukoza-
sında FOXP3 ve IL-23’ün düzeylerinin belirlenerek has-
talığın patogenezindeki rollerinin araştırılmasıdır.
Yöntem Yirmi dokuz UK’li hasta (18 pankolit, dokuz sol 
kolon tutulumlu ve iki proktokolit) ve 11 kontrol hasta-
sı çalışmaya dahil edildi. İmmünohistokimyasal boyama 
yöntemi ile, UK hastaların inflamasyonlu dokularından 
ve kontrol hastalarının inflamasyon içermeyen dokula-
rından alınan biyopsi örneklerinde FOXP3+ Treg hücre-
leri ve IL-23 düzeyleri incelendi.
Bulgular Ülseratif kolitli hastalarda FOXP3+ Treg hücre 
seviyesi kontrol grubuna göre önemli oranda yüksekti 
(45.67 ± 10.83 ve 22.06 ± 8.09, p=0.007). IL-23 düzeyi 
de UK hastalarında kontrol grubuna göre anlamlı olarak 
yüksekti (24.33 ± 13.81 vs. 12.91 ± 5.06, p=0.009). Pan-
kolitli hastalarda FOXP3+ Treg hücreleri (43.21 ± 16.97) 
ve IL-23 (25.12 ± 14.98) ekspresyonu kontrol grubun-
dan daha yüksek olduğu görüldü (p=0.012 ve p=0.022). 
Ancak, kontrol grubu ile sol kolon tutulumu ve prokto-
koliti olan hastalar arasında FOXP3+ Treg hücreleri ve 
IL-23 ekspresyonunda farklılık bulunmuyordu.
Sonuçlar Ülseratif kolitli çocukların bağırsak mukozala-
rında FOXP3+ Treg hücreleri ve IL-23 ekspresyonu daha 
yüksek olduğu tespit edildi. Bu sonuçlar, IL-23 yolağını 
engellemeye ve Treg hücre sayılarını yükseltmeye yöne-
lik yeni tedavi seçeneklerin, UK’in daha etkili bir şekilde 
tedavi edilmesine yardımcı olabileceğini göstermektedir.
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ulty of Medicine, Clinical Research Ethics Committee). 

Patients’ demographic data, site of involvement, perinu-
clear neutrophil antibodies (p-ANCA), therapy received 
and responses to treatment were recorded. Biopsies were 
taken from all colon segments and UC compatible active 
lesions were included in the study. A control group was 
established consisting of age and sex matched children 
undergoing colonoscopy for any reason and without 
any detected pathology.

Immunohistochemical staining for FOXP3 and IL-23 

All tissue samples were formalin-fixed and paraffin-em-
bedded. Slides stained with hematoxylin and eosin were 
assessed by a pathologist for confirmation of diagnosis. 
For immunohistochemical study, 4-μm sections were 
prepared for FOXP3 antibody (Sc-53876, Santa Cruz 
Biotechnology), and IL-23 antibody (Sc-50303 Santa 
Cruz Biotechnology) from paraffin blocks of previously 
selected slides. Following deparaffinization, antigen re-
trieval was performed in EDTA buffer using a microwave 
oven. Next, 60-min incubation was performed with a 
primary antibody (dilution 1:100 for IL-23, 1:100 for 
anti-FOXP3), a biotinylated secondary antibody. A DAB 
kit was used as a chromogen for immunohistochemi-
cal study. Slides were counterstained with hematoxylin, 
dehydrated, cleared, and mounted. The percentage of 
immunostaining in lymphoid cells in the lamina propria 
was assessed by counting positive and negative cells us-
ing Analysis FIVE software (Olympus, Japan) and was 
expressed as the staining rate (%).

Statistical Analysis

Data were analyzed on SPSS 13,0 (SPSS Inc., Chica-
go, IL) software. Descriptive statistics were expressed 
as mean ± standard deviation (SD). The independent 
two-sample t test was used for two-group comparison of 
normally distributed variables, and the Mann-Whitney 
U test for non-normally distributed variables. The chi 
square test was used to compare categoric variables. Sta-
tistical significance was set at p<0.05.

Results
Biopsy specimens taken from 45 patients at time of diag-

nosis were studied. However, 16 patients were excluded 
due to insufficient staining, and 29 subjects were finally 
enrolled. The mean age of the children with UC included 
in the study was 14.24 ± 3.08 years (7-18 years). Eigh-
teen (62.1%) patients were male and 11 (37.9%) female. 

Pancolitis was present in 18 (62.1%) patients, left colon 
involvement in 9 (31.0%) and proctocolitis in 2 (6.9%). 
P-ANCA was positive in 12 (41.3%) patients. Steroid 
therapy was administered to 21 (72.4%) patients, other 
patients were administered 5-aminosalicylic acid. Eigh-
teen (85.7%) of these patients responded to treatment, 
while no response was observed in 3 (14.3%). Patients 
not responding to steroid treatment received TNF-alpha 
therapy (Table 1).

UC patients (n=29)

Male, n (%) 18 (62.1)

Age (years), mean±SD (range) 14.24 ± 3.08

Site of involvement, n (%)

Pancolitis 18 (62.1)

Left sided colitis 9 (31.0)

Proctocolitis 2 (6.9)

p-ANCA positive, n (%) 12 (41.3)

Steroid therapy administered, n (%) 21 (72.4)

Response to steroid therapy, n (%)

Responsive 18 (85.7)

Unresponsive 3 (14.3)

Table 1. Demographic and clinical features of children with UC

Expression of Foxp3+ Treg cells in colonic mucosa of UC 
patients

UC patients’ FOXP3+ Treg cells rate were significantly 
higher than those of the control group (45.67 ± 10.83 
vs. 22.06 ± 8.09, p=0.007) (Fig. 1). No correlation was 
observed between age, sex, p-ANCA positivity or re-
sponse to steroid therapy and FOXP3+ Treg cell expres-
sion in patients with UC (p>0.05). No difference was 
determined in FOXP3+ Treg cells in patients with left 

UC: ulcerative colitis, p-ANCA: perinuclear neutrophil antibodies
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colon involvement and proctocolitis compared to the 
control group (p<0.05), although higher FOXP3+ Treg 
cells were observed in the patients with pancolitis com-
pared to the control group (p=0.012) (Fig. 2).

Expression of IL-23 protein in the colonic mucosa of UC 
patients

IL-23 expression in patients with UC were significantly 
higher than those of the control subjects (24.33 ± 13.81 
vs. 12.91 ± 5.06, p<0.01). No correlation was deter-

Fig. 1. FOXP3+ Treg cells in the lamina propria of a control subject (a) and a patient with ulcerative colitis 
(b). Slides stained with hematoxylin and eosin. Shown are representative histologic sections stained with 
FOXP3 antibody. (IHCx400 and 200).

Fig. 2. Comparison of FOXP3+ Treg cells in terms of side of 
involvement

Fig. 3. Comparison of IL-23 in terms of side of involvement

mined between age, sex, p-ANCA positivity or response 
to steroid therapy and IL-23 expression in the subjects 
with UC (p>0.05). IL-23 expression rate in patients 
with pancolitis (25.12 ± 14.98) were higher than those 
in the control group (p=0.022) (Fig. 3-4). However, we 
observed no significant difference in IL-23 expression 
in patients with left colon involvement and proctocolitis 
compared to the healthy controls (p>0.05)
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Fig. 4. IL-23 in the lamina propria of a control subject (a) and a patient with ulcerative colitis (b). Slides stained with 
hematoxylin and eosin. Shown are representative histologic sections stained with IL-23 antibody. (IHCx400).

Discussion
This study investigated FOXP3+ Treg cell and IL-23 ex-
pression in the colonic mucosa of children with UC. We 
observed a marked increase in FOXP3+ Treg cells and 
IL-23 in UC compared to normal, healthy mucosa.

The pathogenesis of UC is unclear. Nevertheless, the 
available evidence seems to indicate a network of in-
ter-related genetic predisposition and environmental 
risk factors possibly resulting in uncontrolled intesti-
nal immune response against the commensal microbial 
flora and in subsequent tissue damage.15 A fine equilib-
rium exists between Treg and effector T cell respons-
es in the intestinal immune response. One of previous 
research has identified the function of Treg in patients 
with UC, and an imbalance between Treg and effector 
T cells has been demonstrated in the pathogenesis of 
UC.9 Recent research has also confirmed that IL-23 is 
strongly associated with this balance and is essential for 
the development of chronic intestinal inflammation.16 
IL-23 has been shown to the main cytokine involved 
in intestinal inflammation in IBD in murine. Findings 
from human studies also strongly support a role for the 
IL-23 in IBD.17 The crucial role of the IL-23 pathway in 
the development of IBD was confirmed by the observa-
tion of association of several single nucleotide polymor-
phism (SNPs) throughout the IL23R gene with UC.14,18 

The most important of these SNPs is a variant of IL23R 
responsible for encoding an amino acid change from ar-
ginine to glutamine at position 381, and which reduces 
risk of IBD.19 This protective variant results in a loss-of-
function of IL23R, and decreased IL-17 production.20,21 
Furthermore, higher expression of IL-23 have been ob-
served in the inflamed mucosa of subjects with IBD. In 
children, increased IL-23 expression in UC has been 
recently shown by Rosen et al.22 Similarly, our findings 
showed IL-23 elevation with immunohistochemistry in 
the colonic mucosa of pediatric subjects with UC.

Clinical observational and experimental studies with 
animals have shown that Treg cells are critically import-
ant in preventing intestinal inflammation.23,24 This sup-
ports the idea that Treg cells play an important role in 
the pathogenesis of UC. Treg cells expression have been 
shown to decrease in both serum and in intestinal mu-
cosa in graft versus host disease that develops after he-
matopoietic stem cell transplantation, and which resem-
bles IBD in terms of intestinal inflammation pattern.25,26 
However, in the first study in which Treg cells were iso-
lated in the intestinal lamina propria of patients with 
IBD, the suppressor activities of these cells was shown 
to be no different to that in the control group.27 Subse-
quent studies determined an increase in FOXP3+ Treg 
cells in the intestinal mucosa of patients with IBD.23,28 
In contrast to the elevated expression of FOXP3+ Treg 
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In this study, we observed increased expression of 
FOXP3+ Treg cells and IL-23 in the intestinal mucosa 
of children with UC. Furthermore, persistence of 
inflammation despite an increase in Treg cell numbers 
in the intestinal mucosa of children with UC compared 
to healthy children indicates impairment occurring in 
the functions of these cells. 

This study has some limitations. First, the study 
population was relatively small and most patients had 
pancolitis. Second, we characterized FOXP3 and IL-23 
expression by immunohistochemistry in biopsies of UC 
patients. However, we were not perform isotype control 
stainings or blocking the signal with recombinant 
protein to better demonstrated the specifty. Third, due to 
limitations in our resources, we were not able to analyze 
mRNA levels to quantitated expression of FOXP3 and 
IL-23.

In conclusion, better understanding of IL-23 pathway 
and changes in Treg cell functions in UC may help im-
prove our understanding of the pathogenesis of the dis-
ease and lead to the discovery of novel diagnostic mark-
ers. The drugs currently used in the treatment of UC 
have severe side-effects, such as development of infec-
tion and malignity, in the long term. We think that novel 
therapeutic options directed toward inhibiting the IL23 
pathway and raising Treg cell numbers may permit both 
more efficacious treatment and also fewer undesirable 
side-effects.
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