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Abstract. Background. Ulcerative colitis (UC) is a chronic bowel disease with a complex aetiology that includes 
immune, genetic and environmental factors. Its progression and severity vary greatly, suggesting that different 
cytokine pathways may be responsible for the heterogeneity of clinical outcomes. The purpose of the study was 
to investigate the state of cytokine regulation of inflammation depending on the severity of UC. Materials and 
methods. We examined 32 patients with UC who were treated at the Department of Intestinal Diseases of the State 
Institution “Institute of Gastroenterology of the National Academy of Medical Sciences of Ukraine”. Patients were 
divided into groups depending on disease severity determined by the Mayo index: moderate UC — 24 individuals, 
severe UC — 8 patients. Serum levels of interleukin (IL) 17 and IL-23 were determined by enzyme-linked immuno-
sorbent assay. The study was performed according to the instructions for each test kit. Statistical processing of the 
results was done using the Statistica 6.1 software package. Results. The content of proinflammatory cytokines in 
the examined patients with UC was significantly higher than in the control group: IL-17 — by 9.0 times (р < 0.05), the 
median level of IL-23 — 8.6-fold (р < 0.05). When analysing the data depending on the disease severity, it was found 
that IL-17 was significantly higher in patients with moderate (by 9.9 times, р < 0.05) and severe UC (by 9.1 times, 
р < 0.05) than in controls. The median level of IL-23 was significantly higher in moderate (by 8.3 times, р < 0.05) 
and severe UC (by 13.2 times, р < 0.05) compared to that of the control group. In addition, with severe UC, the 
concentration of IL-23 was 1.6 times than in moderate UC. A correlation was found between the levels of IL-17 
and IL-23 in patients with UC (r = +0.361; p = 0.042). Conclusions. The content of proinflammatory cytokines in 
UC has reliable differences vs. control group: IL-17 is significantly higher, by 9.0 times (р < 0.05), and IL-23 — by 
8.6 times (р < 0.05). It was found that among patients with UC, the level of IL-23 was higher in those with severe 
course. Thus, quantitative determination of IL-17 and IL-23 levels in the blood serum of patients with UC can be 
a useful clinical tool for stratification by disease severity and help choose therapy.
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Introduction
Ulcerative colitis (UC) is a chronic bowel disease with 

a complex ethology that includes immune, genetic and en-
vironmental factors. The progression and severity of the di
sease are highly variable, suggesting that different cytokine 
pathways may be responsible for the heterogeneity of clinical 
outcomes [1, 2].

A recent major breakthrough in the description of the 
pathogenesis of intestinal tissue damage in inflammatory 
bowel disease has been the elucidation of the role of inter-
leukin 23 (IL-23) and IL-17 [3]. There is increasing evidence 
that the interleukin (IL)-23/T(Th)-17 helper cytokine path-

way plays a key role in stimulating intestinal inflammation 
and the development of several other chronic autoimmune 
diseases, such as psoriasis, rheumatoid arthritis and multiple 
sclerosis [4–7].

It was found that the level of various Th17-related cy-
tokines is increased in both UC and Crohn’s disease (CD) 
patients compared to healthy subjects, but their content is 
higher in UC patients. The first report on IL-17 in inflamma-
tory bowel disease (IBD) came from a study that showed that 
the inflamed intestine of patients with CD and UC contained 
high levels of IL-17-producing cells compared to normal 
colonic mucosa [5, 8].
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Another study documented that the severity of UC 
correlates with the expression of IL-17 in peripheral blood 
mononuclear cells [9].

Under physiological conditions, Th17 cells and 
IL-23-producing cells are enriched in the intestinal muco-
sa, and the differentiation of Th17 cells is mainly modulated 
by the intestinal microbiota. IL-23 enhances the response 
of Th17 cells and inhibits the response of regulatory T cells, 
contributing to intestinal inflammation and involving the 
IL-23/IL-17 axis in autoimmune inflammation Th17 dif-
ferentiation is largely regulated by IL-6 and TGF-β and en-
hanced by adjuvant cytokines such as IL-23 and IL-1β. Th17 
differentiation is reduced by cytokines including IFN-γ, IL-4 
and IL-2 [7, 10, 11].

There are two different forms of Th17, pathogenic and 
non-pathogenic forms. Pathogenic Th17 cells show an ex-
ceptional feature as they produce both IFN-γ and IL-17A. 
The production of IL-17A/IFN-γ by T cells is one of the im-
portant characteristics of patients with IBD, demonstrating 
the development of inflammation in the intestinal wall [11]. 
On the contrary, non-pathogenic Th17 cells express IL-17A 
along with IL-10 and do not express IFN-γ.

A study by M.M. Alsheikh and colleagues found that 
IL-23 levels positively correlated with other inflammatory 
biomarkers such as C-reactive protein (CRP) and rheuma-
toid factor in patients with rheumatoid arthritis (RA) [12, 13]. 
This suggests that IL-23 can be used as a biomarker to reflect 
RA activity. Another study showed that in patients with UC, 
serum IL-23 levels were associated with the severity and du-
ration of the disease, making it a possible diagnostic marker 
for this pathology [14].

The study by L.A. Lucaciu and colleagues proved that 
serum IL-23 levels were higher in both patients with CD and 
UC and more effective than faecal calprotectin in determi
ning the group with the highest severity of the disease. The 
study demonstrated a significant correlation with intestinal 
complications in patients with CD. The level of IL-17 was 
higher in patients with UC with severe disease, in contrast to 
CD, but provided a lower accuracy of diagnosing the severity 
of the disease compared to other biomarkers [1]. Therefore, 
it can be assumed that IL-23 may become a promising useful 
biomarker in medicine.

This has prompted further research efforts to assess 
whether molecular stratification using biomarkers accor
ding to the mechanisms of the underlying disease can iden-
tify which subgroup of patients will respond to a particular 
treatment. This is especially important for patients with un-
favourable clinical course, when treatment should be adapted 
accordingly. Various cytokine profiles have been studied as 
potential biomarkers for response to therapy, but their role 
in predicting the course of the disease remains to be seen 
[15, 16].

The discovery that IL-23 enhances the Th17 cell response 
and intestinal inflammation has helped to elucidate new 
pathways of tissue damage and open up new avenues for the 
development of therapeutic strategies for IBD [8, 17].

All of the above points to the need to develop new me
thods for diagnosing and predicting the course of diseases. 
In this regard, it is important to study the level of cytokines 
depending on the activity of intestinal inflammation and 

the severity of UC. Quantification of serum levels of IL-17 
and IL-23 in patients with UC can differentiate between 
subgroups of patients with severe and non-severe disease, 
thus providing a useful clinical tool for patient stratification

The purpose was to study the state of cytokine regulation 
of inflammation depending on the severity of UC.

Materials and methods
We examined 32 patients with UC, mean age (43.2 ± 2.2) 

years, who were treated in the Department of Intestinal Di
seases of the State Institution “Institute of Gastroenterology 
of the National Academy of Medical Sciences of Ukraine”. 
The study was performed in compliance with the basic bio-
ethical provisions of the Council of Europe Convention on 
Human Rights and Biomedicine (April 4, 1997), the World 
Medical Association Declaration of Helsinki on the Ethical 
Principles of Medical Research. The study was approved by 
the Biomedical Ethics Committee of the Institute of Gas-
troenterology of the National Academy of Medical Sciences 
of Ukraine.

Patients were divided into groups depending on the seve
rity of the disease as determined by the Mayo Scoring Sys-
tem: UC of moderate severity — 24 patients, UC of severe 
severity — 8 patients. The control group for the evaluation of 
the study results consisted of 10 healthy individuals.

The material for the study of immunological parameters 
was venous blood, which was taken from the ulnar vein in 
a volume of 10 ml in the morning on an empty stomach. Se-
rum levels of IL-17 AF and IL-23 were determined by en-
zyme-linked immunosorbent assay. The study was performed 
according to the instructions for each test kit. Reagent kits 
manufactured by TECAN IBL International GmbH, Ger-
many, were used in the study. Immunoassays were performed 
using a Stat Fax 303 Plus enzyme-linked immunosorbent as-
say (USA), which measured optical density at 450 and 630 nm.

In order to optimise mathematical processing, all the ini-
tial data obtained in the course of the study were entered 
into a database built using Microsoft Excel spreadsheets. The 
statistical processing of the research results was carried out 
using the methods of variation statistics implemented by the 
standard software package Statistica for Windows 6.0. De-
scriptive statistics were used for statistical analysis of the data: 
Me — median, Q1 — lower quartile, Q3 — upper quartile, 
comparison of mean values of variables was carried out using 
the parametric method (Student’s t-test) with a normal dis-
tribution of data of signs expressed in an interval scale. The 
conformity of the type of distribution of the characteristics 
to the law of normal distribution was checked using the Sha
piro-Wilk method. In other cases, a non-parametric method 
was used (Mann-Whitney U test). The difference in the mean 
values of the indicators was considered significant at p < 0.05.

Results
The duration of UC in the examined patients ranged from 

1 month to 36 years. The average duration of the disease was 
6 (3; 14) years (p = 0.023), in 7 (29.2 %) patients the patho
logy was detected for the first time. There was no statistical 
difference in the duration of UC in patients with moderate 
and severe disease. Most patients had a chronic recurrent 
course of the disease.
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In terms of the extent of intestinal involvement, patients 
with UC are more likely to have left-sided intestinal involve-
ment, which occurred in 2/3 of cases. Total colon involve-
ment was 3 times more common in patients with severe UC 
than in the average (Table 1).

The data analysis showed that the content of IL-17 and 
IL-23 in the examined patients significantly exceeded the 
control group. Thus, the concentration of IL-17 in patients 
with UC was significantly higher by 9.0 times (p < 0.05) 
compared to the control group (Fig. 1). The median level of 
IL-23 in patients with UC (8.6 times, p < 0.05) was signifi-
cantly increased compared with the control group (Fig. 2).

We analysed the level of interleukins depending on the 
severity of UC (Fig. 3).

The level of IL-17 was significantly higher in patients 
with moderate UC (9.9-fold, p < 0.05) and in patients with 
severe UC (9.1-fold, p < 0.05) compared with its level in the 
control group (Fig. 4).

Table 1 — Characteristics of intestinal lesions in patients with UC

Localisation

UC (n = 32)

moderate (n = 24) severe (n = 8)

n % n %

Rectum 3 12.5 0 0

Left-sided colon lesion 16 66.7 5 62.5

Total colon lesion 3 12.5 3 37.5

Colon 0 0.0 0 0

Terminal part of the ileum 2 8.3 0 0

Figure 1 — Serum interleukin-17 levels in patients 
with UC

Figure 4 — IL-17 levels depending on the severity of UC

Figure 2 — Serum interleukin-23 levels in patients 
with UC
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Figure 5 — IL-23 levels depending on the severity of UC
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The median level of IL-23 was significantly higher in 
patients with moderate UC (8.3-fold, p < 0.05) and in pa-
tients with severe UC (13.2-fold, p < 0.05) compared with 
the median level in the control group (Fig. 5). In addition, 
in patients with severe UC, the concentration of IL-23 was 
1.6 times higher (p > 0.05) compared with its level in patients 
with moderate UC. A correlation between the level of IL-17 
and the level of IL-23 in patients with UC was established 
(r = +0.361; p = 0.042).

Thus, determination of serum levels of IL-17 and IL-23 
may be useful for stratifying patients with UC by disease se-
verity. More indicative in this regard, according to our data, 
is the level of IL-23, which was higher in patients with severe 
disease than in those with moderate disease. Further studies 
are needed to determine whether the assessment of these 
cytokines in patients can help determine disease severity and 
therapy selection.

Discussion
Despite the large number of studies, the ethology of 

IBD is not fully understood, as there is a complex inter-
action of several factors, such as immunological, genetic, 
environmental, microbiological, as well as a complex regu
latory mechanism in connection with the immunity of 
the intestinal mucosa, which affects the development and 
onset of the disease [7]. It is known that the pathogenesis 
of IBD is based on a violation of the immune response, 
which leads to the development of nonspecific inflamma-
tion in the intestinal walls and mucosa. The action of im-
mune complexes and inflammatory mediators (cytokines, 
histamine, reactive oxygen species, NO) on the intestinal 
wall cells contribute to its damage and tissue destruction 
[7, 9, 18, 19].

Studies have shown that Th cells play a significant role in 
the pathogenesis of UC, where Th2 cells influence the seve
rity of intestinal inflammation [20]. Recent data demonstrate 
the involvement of Th17 cells and impairment of regulatory 
T cells (Tregs) as an important component regulating the 
intestinal immune balance [7]. The progression of the di
sease is largely attributed to the immunological imbalance 
between Th cells and Tregs, which disrupts immune homeo-
stasis [20]. There is growing evidence that IL-17 is a potent 
mediator of inflammatory responses in various tissues. For 
example, IL-17 induces several inflammation-related genes, 
including IL-6, granulocyte/macrophage colony stimulating 
factor, leukaemia inhibitory factor, and intercellular adhesion 
molecule 1. In addition, IL-17 enhances proinflammatory 
responses induced by IL-1β and tumour necrosis factor α 
(TNF-α) [5, 6].

IL-23 enhances the Th17 cell response and inhibits the 
response of regulatory T cells, contributing to intestinal in-
flammation and involving the IL-23/IL-17 axis in autoim-
mune inflammation [7, 10, 11]. Previous studies have shown 
that patients with mucosal inflammation have increased ac-
tivity of IL-22 and the IL-17A/IL-23 axis in both CD and 
UC [9, 11].

The results of our work are consistent with the data of 
other studies and indicate the influence of IL-17 and IL-23 
on the development and progression of the disease. Thus, 
a significant increase in the level of proinflammatory cyto-

kines (IL-17 and IL-23) in the blood serum was found in the 
UC patients we examined.

Th17 cells that release IL-17 are a strong proinflamma-
tory factor in IBD. In a study of patients with IBD, IL-17 
expression and mRNA levels of IL-17A and IL-17F were 
higher in the mucosa and serum of patients with IBD than in 
healthy controls [21]. Recently, it was found that the severity 
of UC correlates with the expression of IL-17 in peripheral 
blood mononuclear cells [21]. In the course of our work, we 
also studied the state of cytokine regulation depending on the 
severity of UC. It was found that for patients with moderate 
and severe UC, there was no significant difference in the 
level of IL-17 and IL-23, but the level of IL-23 was higher in 
patients with severe disease.

Thus, patients with UC are characterised by elevated 
levels of proinflammatory cytokines (IL-17 and IL-23) in the 
serum, which leads to excessive activation of macrophages, 
maintenance of the inflammatory process and disease pro-
gression.

Conclusions
The level of proinflammatory cytokines in UC has sig-

nificant differences, so IL-17 in patients with UC is signifi-
cantly higher than control values by 9.0 times, p < 0.05, and 
the level of IL-23 was significantly higher in patients with 
UC by 8.6 times, p < 0.05. It was found that in patients with 
UC, the level of IL-23 was higher in patients with severe 
disease.

Thus, quantitative determination of IL-17 and IL-23 
levels in the blood serum of patients with UC can be a useful 
clinical tool for stratification by disease severity and help to 
choose therapy.
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Стойкевич М.В., Татарчук О.М., Тарасова Т.С.
ДУ «Інститут гастроентерології НАМН України», м. Дніпро, Україна

Діагностичне значення інтерлейкінів 23 та 17  
в оцінці тяжкості виразкового коліту

Резюме. Актуальність. Виразковий коліт (ВК) є хронічним 
захворюванням кишечника зі складною етіологією, яка вклю-
чає імунні, генетичні та екологічні фактори. Його прогресу-
вання й тяжкість сильно варіюють, що свідчить про те, що 
різні цитокінові шляхи можуть відповідати за неоднорідність 
клінічних результатів. Мета: вивчити стан цитокінової ре-
гуляції запалення залежно від тяжкості ВК. Матеріали та 
методи. Обстежено 32 пацієнти з ВК, які знаходились на 
лікуванні у відділенні захворювань кишечника ДУ «Інститут 
гастроентерології НАМН України». Їх було розподілено на 
групи залежно від перебігу захворювання, визначеного за 
індексом Мейо: ВК середнього ступеня — 24 особи, тяж-
кого ступеня — 8 осіб. Рівень інтерлейкіну (ІЛ) 17 та ІЛ-23 
в сироватці крові визначали імуноферментним методом. До-
слідження проводили відповідно до інструкцій для кожного 
тест-набору. Статистичну обробку результатів здійснюва-
ли за допомогою пакета прикладних програм Statistica 6.1. 
Результати. Вміст прозапальних цитокінів в обстежених па-
цієнтів із ВК значно перевищував показники контрольної 
групи: ІЛ-17 — у 9,0 раза (р < 0,05), медіана рівня ІЛ-23 — 

у 8,6 раза (р < 0,05). При аналізі даних залежно від тяжкості 
захворювання встановлено, що рівень ІЛ-17 був вірогідно ви-
щий у хворих на ВК середнього (у 9,9 раза, р < 0,05) і тяжкого 
ступеня (у 9,1 раза, р < 0,05), ніж у контрольній групі. Медіана 
вмісту ІЛ-23 була вірогідно вища в пацієнтів із ВК середнього 
(у 8,3 раза, р < 0,05) і тяжкого ступеня (у 13,2 раза, р < 0,05) 
порівняно з медіаною в групі контролю. Крім того, при ВК 
тяжкого ступеня концентрація ІЛ-23 була вище в 1,6 раза, ніж 
при ВК середнього ступеня. Виявлено кореляцію між рівнями 
ІЛ-17 та ІЛ-23 у хворих на ВК (r = +0,361; р = 0,042). Висновки. 
Рівень прозапальних цитокінів при ВК вірогідно перевищує 
показники контрольної групи: ІЛ-17 — у 9,0 раза (р < 0,05), 
ІЛ-23 — у 8,6 раза (р < 0,05). Встановлено, що при ВК рівень 
ІЛ-23 був вище в осіб із тяжким перебігом. Таким чином, 
кількісне визначення рівнів ІЛ-17 та ІЛ-23 у сироватці крові 
пацієнтів із ВК може бути корисним клінічним інструментом 
для стратифікації за ступенем тяжкості хвороби і сприяти 
вибору терапії.
Ключові слова: виразковий коліт; тяжкість захворювання; 
ІЛ-17; ІЛ-23
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