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Immunometabolism (IM) is a new field of study-  is a need to develop the diagnostic method of me-
ing metabolic processesin cells of innate and adaptive  tabolism evaluation in clinical practice for assessing
immunity. Processes of metabolic reprogramming  patient’s condition with immune-dependent (IDD)
of anaerobic glycolysis, oxidative phosphorylation  and metabolic diseases.

(OXPHOS) and synthesis of metabolites when ac- Objective — to evaluate the activity of mito-
tivating immune cells are important in regulating  chondrial dehydrogenases in the general and small
homeostasis, activation, proliferation and differen-  lymphocyte populations in healthy children and pa-
tiation of cells [1]. Metabolic changes in response  tients with immunosuppressive diseases.

to various stimulatory signals are crucial in infec- Materials and methods. 96 healthy children,
tion, inflammation, cancer, autoimmune disease and 30 children with atopic dermatitis (AtD) of severe
metabolic disorders [1]. It is known that each stage  course, 140 patients with inflammatory bowel dis-
of the immune response is characterized by a spe-  eases (IBD), 210 children with psoriasis vulgaris,
cific metabolic profile of T- and B-lymphocytes [2, aged 6-18 years, were examined. Disease sever-
3]. OXPHOS processes are prevalent in naive ity in children with IBD was assessed by PCDAI
T-cells, processes of glycolysis and glutaminolysis and PUCAI, with psoriasis — PASI. The children
predominate in proliferating cells. Differentiation ~ with IBD and psoriasis were examined before and
of T-lymphocytes is connected with activation of  in the context of biological therapy: for IBD — an-
different metabolic pathways. It is glycolysis for  ti-TNF drugs (infliximab, adalimumab), for psoria-
Th1, Th2 and Th17 cells, fatty acid oxidation cycle  sis — anti-TNF (etanercept, adalimumab) and an-
and OXPHOS [2, 4] for regulatory T-cells (Treg).  ti-I1L12/23 (ustekinumab). The study was approved
There are different methods to evaluate metabol- by the Local Ethics Committee (protocol Ne 6 of
ic processes in cells, such as flow cytometry, mass  11.06.2019), written informed parental consent was
spectrometry, Seahorse technology, etc. [5]. There  obtained for all the children.
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Mitochondrial dehydrogenase activity was meas-
ured in lymphocyte populations: succinate dehydro-
genase (SDH) and glycerol-3-phosphate dehydro-
genase (GPDH) by immunocytochemistry (ICC),
using flow cytometry. SDH is the main enzyme of the
Krebs cycle and OXPHOS II stage, closely linked to
the inner membrane of mitochondria. In the citric
acid cycle SDH catalyzes the oxidation of succinic
fumaric acid and allows to judge the functional mito-
chondrial activity with high certainty. Conjugation
of glycolysis and the Krebs cycle was determined by
GPDH — enzyme, reflecting the work of glycero-
phosphate shuttle mechanism on transporting elec-
tronic equivalents from the cytoplasm in the mito-
chondria as well as phospholipid metabolism. ICC
method combines lymphocyte immunophenotyping
and quantitative cytochemical analysis, allowing to
determine the activity of mitochondrial enzymes in
allocated lymphocyte populations [6]. The reaction
is conducted on permeabilised cells of lymphocon-
centrate. Cytofix/Cytoperm (BD, USA) set was used
for cell fixation and permeability. Enzyme activity
determination was performed according to devel-
oper recommendation, using the set to detect SDH
and GPDH (NRC “Kurchatov Institute” — IREA,
Russia). Enzyme activity was evaluated by side scat-
ter coefficient (SSC) after and before the reaction,
multiplied by 100. The activity of dehydrogenases
was defined in the following lymphocyte population
in CD45": T-lymphocytes (CD3"), B-lymphocytes
(CD3°CD19%), NK-cells (CD3 CD16*CD56%),
T-helpers (CD3*CD4"), cytotoxic T-lymphocytes
(CD3'CD8"), activated T-lymphocytes (CD3"H-
LA-DR"), Th17-cells (Th17, CD3*CD4*CD161%),
regulatory T-lymphocytes (Treg, CD3*CD4*CD-
127"v), activated T-helpers (Thact — CD3"*CD4*C-
D127%e"), Th2-lymphocytes (CD3*CD4°CD294"),
B1-lymphocytes (CD3 CD19°CD5%), B2-
lymphocytes (CD3"CD19*CD5"). The study was
conducted on the flow cytometer CYTOMICS
FC500, using monoclonal antibodies, produced by
BeckmanCoulter (USA). Statistical calculations
were carried out with Statistica 10.0 program (Stat-
Soft, USA). Descriptive statistics are presented in
the form of Me [Qg5; Qq75]. Differences were con-
sidered statistically significant at p<0,05.

Results and discussion. The study has found
that enzyme activity depended on cell population,
and in patients with IDD it reflected the severity of
the condition, the disease phase and effectiveness of

the therapy. In healthy children the greatest SDH
activity was detected in T-lymphocyte popula-
tion and was 193 [183; 201] c.u. (CD4 — 192 [181;
202]; CD8 — 198 [185-205]), the lowest — in
B-lymphocyte population (149 [138; 160]), in NK-
cell population — 182 [174; 198] c.u. SDH activity
analysis in small populations revealed the great-
est activity in Treg population — 203 [189; 213]
c.u., the lowest in B2-lymphocyte population —
145 [134; 156] c.u. It was found that GPDH en-
zyme activity, by which glycolysis intensity in cells
can be indirectly judged, is lower than SDH activ-
ity in all general lymphocyte populations; the ratio
of GPDH/SDH enzymes for T-lymphocytes was
0,78 [0,77; 0,87], for B-lymphocytes — 0,92 [0,91;
0,95], for NK-cells — 0,86 [0,85; 0,96]. The high-
est level of GPDH activity was found in NK-cell
population (175 [148; 183]) that is much higher
than in B-lymphocytes (152 [137; 156]; p=0,002).
Thus, the obtained results in healthy children con-
firms the known data [7, 8] on a higher OXPHOS
level in T-cells, compared to B- lymphocytes
(p=0,000) and NK-cells (p=0,000), moreover, in
B-cell SDH activity is significantly lower than in
NK-cells (p=0,000). Proportion of GPDH/SDH
shows that glycolysis proportion in NK-cells and
B-lymphocytes is higher than in T-lymphocyte
population.

Significant differences in “exacerbation-remis-
sion” conditions were obtained in evaluating the
activity of dehydrogenases in lymphocyte popu-
lation in children with AtD. With exacerbation of
the disease SDH activity was significantly higher
than in remission, and the degree of increase de-
pended on lymphocyte population. SDH activity in
T-lymphocyte population in the exacerbation was
211 [208; 219], in the disease remission — 182 [171;
185] (p=0,000); in the exacerbation B-lymphocytes:
165 [157; 175] vs142 [137; 146] in the disease re-
mission (p=0,000), in the exacerbation in NK-cells:
203 [190; 210] vs 172 [157; 182] in the disease re-
mission (p=0,000). The comparison of SDH ac-
tivity indicators in children with AtD and healthy
ones showed that the children with AtD in the acute
stage had significantly higher indicators for all the
populations, except for Treg. In the disease remis-
sion SDH activity in T-lymphocyte subpopulations
and in NK-cells was much lower, and in B-lympho-

cyte populations it did not differ from indicators of
health children.
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A prolonged inflammatory process in children
with IBD leads to considerable SDH reduction in
T-lymphocytes, cytotoxic T-lymphocytes, B- and
NK-cells in the exacerbation as well as in the disease
remission relative to the norm. The degree of SDH
reduction increases with a disease duration. GPDH
activity in the general lymphocyte population in
children with IBD did not differ from the normative
values. It was also found that the group of patients
with a stable positive response to the biological ther-
apy was characterized by an initially higher SDH ac-
tivity in Treg population, compared to the patients
with unstable effect of anti-TNF therapy (211 [195;
220] vs 198 [186; 210], p=0,002). ROC-analysis for
SDH activity in Treg population showed excellent
quality of prognostic separation model (AUC 0,820)
at SDH threshold of 207 c.u. (sensitivity 67 %, spec-
ificity 88 %).

The children with vulgar psoriasis experienced
significant reduction in SDH activity (p=0,002)
and GPDH (p=0,007) in the general lymphocyte
population on the level of healthy children. SDH re-
duction was observed in all the populations, except
from activated T-helpers and B2-lymphocites, and
decrease in GPDH activity — in B-lymphocytes and
NK-cells. The study showed that the level of enzyme
activity reflects the treatment effectiveness. Thus, in
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biological therapy while reaching PASI 75 (good ef-
fect) relative to the children with insufficient effect,
the children with psoriasis experienced much high-
er levels of SDH activity in Treg (197 [186; 217]
vs 188 [178; 201], p=0,037) and GPDH in Treg
(178 [176; 187] vs 173 [150; 177], p=0,031), and
also GPDH activity in T-lymphocytes (170 [162;
176] vs 159 [142; 169], p=0,001).

Therefore, lymphocyte populations are charac-
terized by a different activity of mitochondrial de-
hydrogenases both in healthy children and patients
with IDD. The highest SDH activity was identified
in T-lymphocyte population and Treg, the lowest —
in B-lymphocytes. The highest level of GPDH ac-
tivity was found in NK-cell population. Metabolic
lymphocyte profile reflects the severity of the condi-
tion and the therapy effectiveness. Treg metabolism
is found to be an informative parameter to assess
and forecast the effectiveness of biological therapy
in children with IBD and psoriasis.

Conclusion. Flow cytometer allowed to evalu-
ate the activity of SDH and GPDH mitochondri-
al dehydrogenases in lymphocyte populations. The
intensity of lymphocyte metabolism reflects the ac-
tivity of the inflammatory process and the therapy
effectiveness in children with immune-dependent
diseases.
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