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INTRODUCTION 
The use of genetically engineered biological drugs 

(GEBD) in pediatric practice allows for the control 
of moderate and severe forms of autoimmune diseases, 
such as rheumatoid arthritis, inflammatory bowel dis-
ease (IBD), multiple sclerosis (MS), psoriasis (PS). 
Despite the proven effectiveness of biological therapy, 
a quarter of patients experience initial ineffectiveness 
of GEBD, and a third of patients experience a loss 
of effect after a year of therapy [1]. There is a need 
to search for peripheral blood biomarkers capable of 
predicting the effectiveness of GEBD.

Upon activation, naive CD4+ T cells differentiate 
into various populations of Th effector cells (Th1, 
Th2, Th17, Treg, Th9, Th22, follicular Th helpers) 
depending on the local cytokine environment. Th17 
cells are of particular importance, playing a critical 
role in protecting the body from extracellular patho-
gens, as well as in the pathogenesis of autoimmune 
diseases. Being able to change their phenotype with-
in their lineage, Th17 lymphocytes are highly plas-
tic and can acquire the characteristics of effector 

cells—Th1, Th2, T follicular helper (Tfh) cells—as 
well as regulatory T cells [2, 3]. In autoimmune dis-
eases, redifferentiated Th17 lymphocytes more of-
ten form a population with a Th17/Th1 phenotype, 
combining the characteristics of both Th17 and Th1 
lymphocytes and possessing high pro-inflammatory 
potential, as well as a unique ability to overcome his-
tohematological barriers [3]. Classic Th17 lympho-
cytes are characterized by specific membrane mark-
ers, such as the lectin-like killer cell receptor CD161 
and the chemokine receptor CCR6 (CD196), and are 
capable of producing the cytokines IL-17A, IL-17F, 
and IL-22. The Th17/Th1 population has the ability 
to produce an additional pro-inflammatory cytokine 
characteristic of the Th1 population, IFNγ, and has 
phenotypic features common to both Th17 and Th1 
lines (CD4+CD161+CCR6+CXCR3+IL 17+IFNγ+T 
cells). It has been shown that the plasticity of Th17 
cell differentiation is characteristic of the progression 
of autoimmune diseases, and Th17/Th1 cells are more 
pathogenic due to increased levels of proinflammato-
ry cytokines and a pronounced ability to proliferate. 
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In addition, the Th17/Th1 population is not inhib-
ited by Treg cells compared to classical Th17 or Th1 
lymphocytes [2]. Although Th17/Th1 cells are also 
found in healthy donors, interest in this population 
is due to a significant presence of these cells in in-
flammatory foci in multiple sclerosis [4], sarcoidosis 
[3], rheumatoid arthritis [2], and inflammatory bowel 
diseases [5]. It has also been shown that infiltrates of 
inflamed tissues account for up to half of the lympho-
cytes present there. Moreover, the process of rediffer-
entiation of Th17 into Th1 is currently considered a 
promising direction for the treatment of autoimmune 
diseases [3].

Objective: to evaluate the informative value of de-
termining the Th17/Th1 lymphocyte population in 
predicting the effectiveness of biological therapy in 
children with autoimmune diseases.

MATERIALS AND METHODS
A total of 263 children aged 3 to 18 years with au-

toimmune diseases undergoing pathogenetic therapy 
and receiving treatment at the Federal State Budget-
ary Institution “National Medical Research Center 
for Children’s Health” of the Ministry of Health of 
Russia were examined, including 113 children with 
inflammatory bowel diseases (Crohn’s disease (CD), 
n = 74; ulcerative colitis (UC), n = 39), 68 children 
with multiple sclerosis (MS), and 82 children with 
psoriatic arthritis (PA). The activity of the inflamma-
tory process was assessed in children with IBD using 
the PCDIA index for CD and the PUCAI index for 
UC, in children with PA using the PASI (Psoriasis 
Area and Severity Index) and BSA (Body Surface 
Area) indices, and in patients with MS using the pres-
ence of demyelination foci on MRI. Patients were ex-
amined prior to the initiation of biological therapy (in 
patients with IBD — anti-TNF therapy with inflix-
imab (IFX) and adalimumab (ADA), in patients with 
PA — therapy with ADA and ustekinumab (UST), 
in patients with MS — therapy with interferon β1α 
(IFNβ1α); the clinical effect of therapy was assessed 
after one year. The examination was performed in ac-
cordance with ethical standards and approved by the 
local ethics committee of the Federal State Budget-
ary Institution “National Medical Research Center 
for Children’s Health” of the Ministry of Health of 
Russia.

Immunophenotyping of blood lymphocytes was 
performed using flow cytometry (Novocyte, ACEA 
Biosciences, USA). The following monoclonal an-

tibodies conjugated with fluorochromes were used: 
CD4-FITC, CD127-PE, CD25-PC7, CD161-PE, 
CD3-PC5, CD196(CCR6)-PE-Cy7, CD183(CX-
CR3)-APC. To isolate populations of regulatory T cells 
(Treg; CD4+CD25highCD127low), Th17 lymphocytes 
(CD4+CD161+CD3+) and Th17/Th1 lymphocytes 
(CD4+CD3+CD161+CD196+CD183+) a stepwise gat-
ing strategy was used. The percentage of Treg, Th17, 
and Th1/Th17 cells from CD4+ T lymphocytes was 
evaluated. The percentage of Treg, Th17, and Th1/
Th17 cells from CD4+ T lymphocytes was evaluated. 
Statistical data processing was performed using Sta-
tistica 16.0 (StatSoft, USA). ROC analysis was per-
formed using IBM SPSS Statistics 27. The data are 
presented in the following format: median (lower and 
upper quartiles) — Med (Q0,25; Q0,75). The Mann-Whit-
ney nonparametric test was used to assess the statis-
tical significance of the differences; differences were 
considered significant at p <0.05.

RESULTS AND DISCUSSION
The analysis revealed that the content of proin-

flammatory Th17/Th1 cells in the circulation of the 
studied sample of patients with autoimmune pathol-
ogy varied from 3 to 45% of CD4+ T cells. It was 
found that the content of this population before the 
appointment of biological therapy in children with 
IBD, MS, and PS correlated with the effectiveness 
of treatment by the year of therapy. In all patholog-
ical conditions, patients with insufficiently effective 
(IE) treatment by the end of the year of therapy were 
characterized by a significantly higher content of 
the Th1/Th17 cell population compared to patients 
with effective treatment. The Th1/Th17 cell content 
in patients with IBD in the IE group was 19.0 [12.7; 
24.4]% versus 12.6 [8.5; 16.5]% in the group of chil-
dren with effective therapy (p <0.001); for patients 
with MS: 14.5 [11.3; 21.9]% versus 11.1 [10.1; 13.6]% 
(p = 0.007); for patients with PD: 12.8 [10.9; 14.4] 
vs. 7.1 [5.0; 9.6] (p <0.001). It was found that patients 
with IBD and MS did not differ in terms of Th17/
Th1 cell content in either the NE group or the effec-
tive therapy group, while patients with PS had lower 
values in both groups (p <0.001). The ROC analysis 
showed good quality of the “IE-effectiveness” status 
separation model for patients with IBD AUC = 0.809 
(0.72–0.84) and for patients with MS AUC = 0.783 
(0.67–0.90), and excellent quality of the model for 
patients with PS AUC = 0.931 (0.86–0.99). At the 
same time, the cutoff point at the minimum differ-
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ence between sensitivity and specificity coefficients 
was: for VZV — 15.6%, for RS — 12.8%, for patients 
with PS — 9.9% of CD4+ T cells. It is interesting 
to note that our results are consistent with those of 
Quirant-Sánchez B. et al [4], who, using Kaplan-Mei-
er survival analysis in patients with MS, showed that 
patients with a Th1Th17CM cell content (CD4+C-
CR7+CD45RA−CCR6+CXCR3+) less than 11.48% 
had an 88% recurrence-free survival rate, while those 
with Th1Th17CM greater than 11.48% had a recur-
rence-free survival rate of only 50% (p = 0.013). Fur-
thermore, it has been demonstrated that, regardless 
of the drug (dimethylfumarate, fingolimod), an in-
creased percentage of Th1Th17CM lymphocytes be-
fore treatment can be a prognostic biomarker for MS 
relapses or MRI activity during the first 12 months 
of therapy [4].

Correlation analysis did not reveal any significant 
relationships between the Th17/Th1 population 
content and patient age or disease duration. A signif-
icant direct relationship was found between the con-
tent of dual Th17/Th1 cells and Th17 lymphocytes 
(CD4+CD161+CD3+) for all the studied pathologies: 
the regression equation for patients with IBD was: 
Y = −2.1 + 0.69 × X (R = 0.83; p <0.001), for patients 
with MS: Y = 1.3 + 0.54 × X (R = 0.82; p <0.001), 
for patients with PS: Y = 2.5 + 0.38 × X (R = 0.73; 
p <0.001), where X is the content of Th17 lympho-

cytes, and Y is the content of Th17/Th1 cells, R is 
the correlation coefficient. The obtained regression 
coefficients show that the Th17/Th1 population ac-
counts for approximately 69% of Th17 lymphocytes 
in patients with IBD, about 54% in patients with MS, 
and about 38% in patients with PS. No correlation 
was found between the content of Th17/Th1 cells 
and Treg in all the pathologies studied. We have 
previously shown that an increased content of Th17 
lymphocytes, as well as an increase in the Th17/Treg 
ratio, is a prognostic marker of the loss of the effect of 
biological therapy in these pathologies [6–8]. It was 
shown that the Th17/Th1 cell population studied 
in this work using the approach of assessing CCR6/
CXCR3 coexpression consists of two populations: 
Th17.1 (IL-17/IFNγ) and ex- Th17 (IFNγ) [9]. The 
ex-Th17 (IFNγ) population is considered to be the 
most autoaggressive and requires further study in au-
toimmune diseases.

CONCLUSION
The Th17/Th1 ratio varies depending on the pa-

thology, with the highest ratios found in children 
with inflammatory bowel disease. Th17/Th1 thresh-
olds have been identified for children with IBD, MS, 
and PS, allowing for the prediction of the response to 
biological therapy.
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