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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 (p < 0.05), the
median level of IL-23 — 8.6-fold (p < 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, p < 0.05) and severe UC (by 9.1 times,
p < 0.05) than in controls. The median level of IL-23 was significantly higher in moderate (by 8.3 times, p < 0.05)
and severe UC (by 13.2 times, p < 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 (p < 0.05), and IL-23 — by
8.6 times (p < 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 [35, 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
1L-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
1L.-23/1L-17 axis in autoimmune inflammation Th17 dif-
ferentiation is largely regulated by IL-6 and TGF-f and en-
hanced by adjuvant cytokines such as I1L.-23 and IL-1f3. Th17
differentiation is reduced by cytokines including IFN-y, 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-y and IL-17A.
The production of IL-17A/IFN-y 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 I[L-17A
along with 1L-10 and do not express IFN-y.

A study by M.M. Alsheikh and colleagues found that
1L.-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 11.-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 1L-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 I1L-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 I1L-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 Kkits
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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Table 1 — Characteristics of intestinal lesions in patients with UC

UC (n =32)
Localisation moderate (n = 24) severe (n = 8)
n % n %
Rectum 3 125 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
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Figure 1 — Serum interleukin-17 levels in patients

with UC
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Figure 3 — The state of cytokine regulation depending
on the severity of UC

Figure 2 — Serum interleukin-23 levels in patients
with UC

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

Figure 5 — IL-23 levels depending on the severity of UC
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The median level of 1L-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 1L-23 was
1.6 times higher (p > 0.05) compared with its level in patients
with moderate UC. A correlation between the level of 1L-17
and the level of 1L-23 in patients with UC was established
(r=+0.361; p=0.042).

Thus, determination of serum levels of IL-17 and 1L-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-13 and tumour necrosis factor a
(TNF-a) [5, 6].

1L-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 1L-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 1L-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, 1L-17
expression and mRNA levels of IL-17A and 1L-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 1L-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 1L-23, but the level of 1L.-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 I1L-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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AY «HcTnTyT ractpoeHteponorii HAMH YkpaiHm», m. AHinpo, YkpaiHa

AiarHOCTU4YHE 3HOYEHHS iIHTepAenKiHiB 23 Ta 17
B OLLiHLLi TSHKKOCTi BUPCA3KOBOro KOAITY

Pesome. Axkmyaavnicms. Bupaskosuii xouir (BK) € xponiunum
3aXBOPIOBAHHSIM KUIIIEYHUKA 31 CKJIAAHOIO €Ti0JIOTi€l0, sTKa BKITIO-
yae iMyHHI, TeHeTHYHi Ta ekoJoriuni daxkropu. Moro mporpecy-
BaHHS 1 TSOKKICTh CHJIBHO BapilolOTh, 1O CBIMYUTH PO TE, 1110
Pi3HI IMTOKIHOBI LIJISIXM MOXYTb BiIIIOBiZaTH 32 HEOTHOPIAHICTh
KJIIHIYHUX pe3yabTaTiB. Mema: BUBUUTU CTaH LIUTOKIHOBOI pe-
TyJisiLii 3anajeHHs 3aiexHo Bif TsokkocTi BK. Mamepiaau ma
memoou. O6¢ctexeHo 32 nauientu 3 BK, ski 3Haxommiuch Ha
JIIKyBaHHI y BiIiJIeHHI 3axBopioBaHb KuieuHnka 1Y «IHcTuTyT
racrpoenTeposorii HAMH Ykpainu». Ix 6yno posnoxnineno Ha
rpymnu 3aJIeXKHO Bil Iepediry 3aXxBoploBaHHsI, BU3HAUEHOTO 3a
innekcom Meiio: BK cepennboro cryneHst — 24 ocodu, Tsx-
koro cryrneHst — 8 oci6. PiBenb inTepueiikiny (IJI) 17 Ta 1J1-23
B CUPOBATIIi KPOBi BU3HAYaIU iMyHO(GEepMEHTHUM MeToaoM. [lo-
CJIIXKEHHSI MPOBOJIMJIM BilMOBIAHO 10 IHCTPYKLIM IS KOKHOTO
TecT-Habopy. CTaTuCTUUYHY 0OPOOKY pe3yJsibTaTiB 3MiliCHIOBA-
JIM 3a JOITOMOTOIO MaKeTa MPUKJIAagHUX mporpaM Statistica 6.1.
Pesyabmamu. BmicT npo3anaibHUX LIMTOKIHIB B OOCTEXEHUX Ta-
HieHTiB i3 BK 3HauHO nepeBuIllyBaB MOKa3HUKU KOHTPOJIBHOI
rpynu: 1JI-17 — y 9,0 paza (p < 0,05), meniana pisus 1JI-23 —

y 8,6 paza (p < 0,05). [1pu aHani3i fTaHUX 3aJI€KHO Bill TSKKOCTI
3aXBOPIOBAaHHSI BCTAHOBJIEHO, 1110 piBeHb 1JI-17 OyB BiporimHo BU-
it y xBopux Ha BK cepentboro (y 9,9 pasa, p < 0,05) i TsKkoro
crynens (y 9,1 paza, p < 0,05), HiX y KOHTpoJIbHil rpyrni. Meniana
Bmicty 1JI-23 Gyna BiporinHo Buia B nauieHTiB i3 BK cepennboro
(y 8,3 paza, p < 0,05) i Tskkoro crynens (y 13,2 pasa, p < 0,05)
MOPiBHSIHO 3 MeliaHoI0 B Ipyni KoHTpouto. Kpim Toro, npu BK
TSIKKOTO CTYTeHsI KOHIeHTpatlist IJ1-23 6yna Buie B 1,6 pasa, Hix
pu BK cepentboro cryrens. BussieHo Kopesiiio MixX piBHIMMI
1J1-17 Ta IJ1-23 y xBopux Ha BK (r=+0,361; p = 0,042). Bucnosxu.
PiBenb npozananbHux LMTOKiHIB Npu BK BiporinHo nepeBuiiye
MOKa3HUKU KOHTposibHOI rpynu: 1JI-17 — y 9,0 paza (p < 0,05),
1J1-23 — y 8,6 paza (p < 0,05). Bcranosneno, o npu BK piBeHb
1JI-23 OyB Buile B 0Ci0 i3 TsKKUM Tepedbirom. Takum 4yuHOM,
KiJbKicHe BU3HayeHHs piBHiB 1JI-17 ta 1JI-23 y cupoBartiii Kposi
nauieHTiB i3 BK Moxe OyTv KOpUCHUM KJIiHIYHUM iHCTPYMEHTOM
ISt cTpaTudikalii 3a CTyreHeM TSKKOCTI XBOPOOM i CIIpUsSTH
BUOODPY Teparii.

Kiro4oBi cioBa: BupaskoBuii KOJIT; TSKKICTh 3aXBOPIOBAHHS;
UI-17; 1J1-23
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