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ABSTRACT

Aim. To determine the role of the Notch signaling pathway in the regulation of Th1 / Th2 lymphocyte balance in
patients with disseminated drug-sensitive (DS) and drug-resistant (DR) pulmonary tuberculosis (PT).

Materials and methods. Mononuclear leukocytes were isolated from the venous blood of 13 patients with
disseminated PT by density gradient centrifugation. The cells were cultured for 72 h in the complete cell culture
medium at 5% CO, and 37 °C. Preliminarily, CFP10 and ESAT6 mycobacterial antigens or y-secretase inhibitor
DAPT (5§ uM / 1; 10 uM / 1) together with CFP10 and ESAT6 antigens were added to the culture medium.
Immunophenotyping of Thl and Th2 lymphocytes was performed by multicolor flow cytometry by determining
the expression of CD4 receptor and intracellular transcription factors T-bet and GATA-3.

Results. In patients with disseminated DS and DR PT, an increase in the number of Th1 and Th2 lymphocytes was
found in intact cultures. Stimulation of cells with mycobacterial antigens CFP10 and ESAT6 resulted in an increase
in the number of CD4'T-bet" and CD4*GATA-3" cells in all comparison groups. Addition of CFP10 and ESAT6
antigens and DAPT (10 uM /1) to the incubation medium was accompanied by a decrease in the number of Th2
lymphocytes in PT patients in both groups. A rise in the number of Thl cells was registered only in patients with
DS PT. Suppression of the Notch signaling pathway with the y-secretase inhibitor DAPT (10 uM /1) resulted in an
increase in the Th1 / Th2 lymphocyte balance in both DS and DR variants of the disease.

Conclusion. The Notch signaling pathway has a modulating effect on the differentiation of the key lymphocyte
populations that determine the balance between cell-mediated and humoral immune responses to PT. Suppression
of the Notch signaling cascade by the y-secretase inhibitor DAPT (10 uM / 1) in vitro promotes an increase in
the Thl / Th2 ratio in patients with disseminated DS and DR PT. The positive regulatory effect on the Thl /
Th2 lymphocyte balance allows to consider the Notch signaling pathway as a promising potential target in the
development of new approaches to the pathogen-specific therapy for PT.
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CurHanbHbii nyTb Notch B pasButun gucbanaHca MMMyHHbIX peaKLuini
y 601bHbIX ANCCEMNHNPOBaHHbIM TYOepKyne3oM nerkux

CaHuHa A.E., CepebpsakoBa B.A., YpasoBa O.U., FapgxuneB A.A.

Cubupckuii cocyoapcmeennwlil meouyurckull ynugepcumem (Cudl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Henw uccaenoBanmsi. Onpesenuts poib curHansHoro mytd Notch B perymsiiun 6ananca Th1/Th2-nmumdormros
y OOJIBHBIX JUCCEMUHUPOBAHHBIM JIEKAPCTBEHHO-4yBCTBUTEIbHBIM (JIY) 1 iekapcTBeHHO-ycTOHuuBBIM (JIY) Ty-
oepkyie3om gerkux (TJI).

Marepuajbl 1 MeToAbl. 13 BeHO3HON KpoBHU 13 manueHToB ¢ qucceMuHupoBaHHbIM TJI MOHOHYKIIEapHbIE Jei-
KOLIUTBHI BBIJISIISUTH METOIOM I'paJHeHTHOT0 IeHTpHpyruposanus. KileTky Ky IbTHBHPOBAJIH B TeUEHHE 72 U B ITOJI-
HOlf muTatenbHOM cpene npu 5%-m CO, u Temnepatype 37 °C, npeBapuTeIbHO 100aBIAS B HHKYOAIMOHHYO
cpeny aHTUreHbl Mukobaktepuil Tyoepkyiesa CFP10-ESAT6 wim unrnéutop y-cexperasst DAPT (5 MxM/m; 10
MKM/i) BMecte ¢ anturenamu CFP10-ESAT6. Ummynodenorunmposanue Thl- u Th2-mumdormros nposoauimm
METOJIOM NIPOTOYHOM JIa3ePHON MHOTOIBETHON IUTO(MIIyOPHMETPHUH TIOCPEACTBOM OIPEETICHHs SKCIIPECCHH pe-
nentopa CD4 1 BHYTPHKIETOUHBIX TPAHCKPHUIIIMOHHEIX (akTopoB T-bet 1 GATA-3.

PesyabTatpl. Y OonpHBIX nuccemuanpoBaHHbIM JIU u JIY TJI ycraHoBieHo yBenmuueHue kommdectBa Thl- u
Th2-muMpOIUTOB B MHTAKTHBIX KyNIbTypax. CTHMynsSmuu KieTok antureHamu mukobaktepuit CFP10-ESAT6
cnocoOctBoBana moBbimeHHO guciaa CD4'T-bet" 1 CD4"GATA-3" xieTok Bo Bcex Tpynmax cpaBHeHHs. [lo0aB-
neHre B MHKyOanuoHnyto cpeny antureHoB CFP10-ESAT6 u DAPT (10 MkM/11) cCOnpoBOKIaIOCh YMEHBIICHHEM
kommaecTBa Th2-mumbonnToB y 60mpHBIX TJI 06enx rpymm. [loBeimenne yncna Thl-kIeTok perncTpupoBaioch
tonpko y nanuentoB ¢ JIY TJI. [TogaBnenne curHampHOrO ImyTH Notch ¢ MOMOIIBI0 HHTHOUTOPA Y-CEKPETa3bl —
DAPT (10 MxM/11) mpuBOIWIIO K TOBBIMIEHUIO KodpdununerTa cootHomeHus Thl/Th2-mumdponutos xak mpu JIY,
Tak 1 ipu JIY BapuaHTax 3a00neBaHUs.

3akiouenne. CurnanbHbli myTh Notch okaspiBaeT MOy IHMpYoLee JelicTBre Ha 1] HepeHIIMPOBKY KITIOUYEBBIX
HOIYJIANMI TMMQOLMTOB, ONPEASISIONNX AMHAMUYECKHN GalaHC KJIETOYHO-ONOCPEIOBAHHBIX U I'YMOPAJIBLHBIX
peaKuuii IpOTUBOTYOEPKYIIE3HOTO MIMMYHHUTETa. YTHETEHHE MOJIEKYJIIpHOro Kackana Notch HHrHOUTOpOM Y-ce-
kpera3bl DAPT (10 MkM/i1) B yCIIOBUSIX in vitro crocoOCTBYeT yBeandeHHIo Kodbduipenta cooraouienus Thl/
Th2 y 6onbubix quccemunupoBantbsiv JIY u JIY TJI. [TonoxutenpHoe perynupyioliee aeiictsue Ha 6ananc Thl/
Th2-kJ1eTOK MO3BOJISIET pacCMaTPUBATh CUTHAIBHBIH TyTh Notch B KauecTBe MepCcreKTHBHOM MOTEHIHATbHON MU-
HIEHH B Pa3pabOTKe HOBBIX MOAXO/0B K MMATONeHETUYECKOH Tepanuu TyOepKyesa.

Kiouessle ciioBa: Notch-cHrHaIBHBINA Ty Th, TYOCPKYIIE3 JIETKHX, TUMPOLUTEHI, Y-ceKpeTasa, T-xemmepst

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SAIBHBIX U INOTCHUUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C l'[y6J'[PIKaHPI€I71 HaCTOS{H.[eﬁ CTaTbu.

Hcrounuk ¢punancupoBanus. PaboTa BelmonHeHa B paMKax 1miaHoBoi TeMbl HUP Cubupckoro rocynapcTBeH-
HOTO MEJHIIHCKOro yHuBepcuTeTa 1o nporpamme CAE «MonexynsapHas MeannnHa» (MoneKyIspHO-KICTOUHbIe
OCHOBBI BOCTIAJICHUSI IPH COIMANBHO 3HAYNMOMN TTAaTOJIOTHH).

CooTBeTcTBHE NPUHIMIAM 3THKH. Bce mamueHTsl noanucann MHGOPMHUPOBAHHOE COIIACHE HA YydacTHE B
nccnenoanuu. McenaenoBanue o100peHO JIOKaIbHBIM 3THYeCKHUM KomuTeTroM CubI'MYVY (mpotokon Ne 7924 ot
14.10.2019).

[ untupoBanus: Cannna A E., CepebpsikoBa B.A., Ypazosa O.1., ['amkues A.A. CurnaneHslii myTs Notch B
pa3BuTHH JucOaTaHca MMMYHHBIX PEakItil y OOJIBHBIX THCCEMUHUPOBAHHBIM TYOCPKYJIC30M JIETKUX. broienets
cubupcroi meduyunsl. 2023;22(4):92-99. https://doi.org/10.20538/1682-0363-2023-4-92-99.
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INTRODUCTION

A progressive course of tuberculosis is based on
hyperergic inflammation involving a wide range of
immunocompetent cells [1; 2]. Th2 lymphocytes,
which regulate the development of antibody-mediated
immune responses, together with Thl cells participate
in the formation of protective responses [3; 4] and,
conversely, can contribute to immune-mediated tissue
damage and persistence of mycobacteria [5; 6]. It has
been established that a more severe course of pulmonary
tuberculosis (PT) is associated with an increase in the
IL-4 mRNA concentration in the blood [6; 7], high
titers of antigen-specific IgG, and increased expression
of suppressor of cytokine signaling SOCS3 mRNA [7].

Multiple interactions between cells of the immune
system are determined not only by cytokines and
chemokines (IFNy, TNFo, IL-4, IL-12, IL-27,
etc.), but also by receptor — ligand interactions [8;
9]. Notch ligands and receptors associated with
the intracellular signaling cascade regulating cell
differentiation occupy a prominent place among
receptor cooperation mechanisms [10]. Dysfunction
of molecular mechanisms in the Notch signaling
pathway at any stage of implementation (expression
of receptors, ligands, enzyme activity, etc.) can
contribute to disruption of an effective immune
response against Mycobacterium tuberculosis and
progression of the disease. Thus, in experiments on
murine macrophages, it was established that a BCG-
induced increase in the expression of Notch1 receptor
protein and subsequent activation of its signaling
pathway led to a rise in the expression of SOCS3
protein that provides negative regulation of cytokine
signaling [11]. The demonstrated increase in leukocyte
expression of molecules initiating the Notch signaling
cascade (Notchl/2 and DLL4 mRNA) in patients
with PT without changes in the expression of their
target genes (Hesl, Heyl) [12] leaves the question
about the role of the Notch signaling pathway in the
immunopathogenesis of PT open.

One of the molecular approaches to evaluate the
role of the Notch signaling cascade in the pathogenesis
of various immune-mediated diseases is inhibition of
the activity of y-secretase, a key proteolytic enzyme
that initiates the release of the Notch intracellular
domain [13]. The properties of the y-secretase inhibitor
DAPT  (N-[N-(3,5-difluorophenacetyl)-1-alanyl]-s-
phenylglycine t-butyl ester) are being actively studied
as a potential drug for treatment of cancer, as well
as neurological, cardiovascular, and cerebrovascular
diseases [14].

The aim of the study was to determine the role of
the Notch signaling pathway in the regulation of Thl /
Th2 lymphocyte balance in patients with disseminated
drug-sensitive (DS) and drug-resistant (DR) PT.

MATERIALS AND METHODS

Thestudyinvolved 13 patientswithnewly diagnosed
disseminated PT (mean age 47.3 + 5.21 years), who
were hospitalized in Tomsk Phthisiopulmonology
Medical Center.

The patients were divided into two groups depending
on the sensitivity of Mycobacterium tuberculosis
to anti-TB drugs: group 1 encompassed 7 patients
with bacteriologically confirmed Mycobacterium
tuberculosis resistant to one or more anti-TB drugs
(isoniazid and rifampicin); group 2 included 6 patients
excreting drug-sensitive Mycobacterium tuberculosis.
The control group consisted of 10 healthy volunteers
with comparable age and gender characteristics.

The study material was whole venous blood taken
before treatment with anti-TB drugs. Mononuclear
leukocytes were isolated from the blood by
density gradient centrifugation (p = 1.077 g / ml).
Mycobacterium tuberculosis antigens (AG) CFP10
and ESAT6 (Diaskintest, Generium, Russia) at a dose
of 10 pg/ ml or the y-secretase inhibitor (DAPT, Tocris
Bioscience, UK)atadose of 5 or 10 uM/ 1, pre-dissolved
in 0.1% dimethyl sulfoxide (DMSO) solution (Sigma-
Aldrich, USA), together with CFP10 and ESAT6 were
added to the incubation medium. The indicated dose
was determined by evaluating the cytotoxicity of the
tuberculosis recombinant allergen containing CFP10/
ESAT-6 protein by the MTT assay. DMSO and the
y-secretase inhibitor at the indicated concentrations
did not cause cell death in vitro. Cells were cultured
in the RPMI-1640 medium with L-glutamine (Biolot
LLC, Russia). The cells were incubated in 5% CO,
at 37 °C for 72 h. Immunophenotyping of Thl and
Th2 lymphocytes was performed by multicolor flow
cytometry by determining the expression of surface
CD4 receptor (FITC, BD Biosciences, USA) and
intracellular transcription factors — T-bet (Alexa Fluor
405, R&D Systems Inc., USA) and GATA-3 (PerCP-
eFluor 710, BD Biosciences, USA).

The statistical data were processed using IBM
SPSS statistics 25 (Statistical Package for the Social
Sciences, USA) and Microsoft Office 2013. The
Shapiro — Wilk test was used to check the data for
normality of distribution. The data were presented as
the median (Me) and the 25th and 75th percentiles (Oh
and (), as quantitative variables in the study groups
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did not follow normal distribution. The nonparametric
Mann — Whitney U test was used to estimate the
level of significance of differences in quantitative
variables between the study samples. The Wilcoxon
test was used to assess the significance of differences
in dependent data within the group. The results of
the statistical analysis were considered significant
at p <0.05.

RESULTS

The study showed that the development of
disseminated PT was accompanied by an increase in

the number of CD4T-bet" cells. Thus, in patients with
DS PT, the number of Thl lymphocytes exceeded
similar parameters in healthy donors by 2 times
(» <0.01) and in patients with DR PT —by 1.7 times
(»<0.01). The Th2 lymphocyte count in intact cultures
in PT patients with different types of mycobacterial
resistance was 2.5 times higher (p < 0.001) than in
healthy individuals (Table 1).

After stimulation of the cells with mycobacterial
antigens CFP10 and ESAT6, an increase in the
number of Thl and Th2 cells was registered in all
groups under study.

Table 1

Relative content of Th1 and Th2 lymphocytes in peripheral blood (% of the total lymphocyte count) in patients with disseminated
pulmonary tuberculosis, Me (Q,-0,)

Parameters Healthy donors

Patients with pulmonary tuberculosis

Drug-sensitive | Drug-resistant

Thl lymphocytes (CD4"T-bet")

2,51 (248-2.59) 2.19 (2.17-2.22)

Intact culture 1.25 (1.12-1.37) p,<0.001
p,<0.001 p,=0.008
130 (1.18-1.42) 2.54 2:51-2.66) > (5.31(;021.34)
With added AG (CFP10 and ESATG6) RS p,<0.001 pi=
p,=0.012 D 004l p,=0.043
2= p,=0.008
230 (2.27-2.31)
1.37 (1.21-1.44)
With added AG and DAPT (5 uM /1) p,=0.012 2.6 (2'52721’64) p’f 0'025
=0.012 p,<0.00 p,= 0.0
Ps p,=0.008

1.95 (1.7-2.04)
p,=0.012
p,=0.012

With added AG and DAPT (10 uM /1)

2.68 (2.63-2.73) 234 (229-2.37)

<0.001
b= 0043 p,=0.008

Th2 lymphocytes (CD4"GATA-37)

Intact culture 1.04 (0.99-1.01)

2.57(2.49-2.63) 2.67 (2.65-2.69)

p,<0.001 p,<0.001
112 (1.08-1.14) 2.73 (2.64-2.73) 2.70 (2.68-2.71)
With added AG (CFP10 and ESAT6) oo ,<0.001 p,<0.001
P p,=0.043 p,=0.043
, 0.91 (0.82-0.98) 2.65 (2.61-2.65) 2.68 (2.62-2.69)
With added AG and DAPT (5 uM / 1) p,=0012 p,<0.001 p,<0.001
219 (2.18-2.21 2.18 (213219
0.68 (0.63-0.72) p(< 0,001 ) p(< 0,001 )
With added AG and DAPT (10 pM /1) p,=0.012 e b
B 0012 p,=0.043 p,=0.043
e p,=0.043 p,=0.043

Note (here and Table 2): p, — the level of statistical significance of differences compared to similar parameters in healthy donors; p, — in the intact
culture; p, — during antigen stimulation (AG); p, — in patients with DS PT; DAPT — N-[N-(3,5-Difluorophenacetyl)-L-alanyl]-s-phenylglycine

t-butyl ester.

The analysis of the population composition of
lymphocytes in patients with DS and DR PT after
sequential addition of the y-secretase inhibitor (DAPT)
at a concentration of 5 uM / | to the intact cultures

in combination with CFP10 and ESAT6 antigens
did not reveal any significant differences from the
corresponding data obtained when stimulating the
cells with antigens alone. A significant (p = 0.012)
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decrease in CD4*GATA-3" cells and an increase in
CD4*T-bet" lymphocytes was registered in healthy
donors (Table 1).

Increasing the DAPT concentration to 10 pM /1 led
to a decrease in the proportion of Th2 cells in the cell
cultures in PT patients in both groups (p = 0.043) and
healthy donors (p = 0.012). Changes in the number of
CD4*T-bet" lymphocytes were not unequivocal. Thus,
an increase in the number of Th1 cells was registered
only in patients with DS PT (p = 0.043) and in the
control group (p = 0.012). The number of CD4*T-bet"
lymphocytes in DR PT patients was comparable with
the same indices obtained during incubation of the
cells with CFP10 and ESAT6 antigens.

The comparison of the results obtained between

the groups of PT patients showed that under all
applied cell culture conditions, the number of Thl
lymphocytes in patients with DR PT was smaller
(» = 0.008) than in patients with DS PT.

The calculation of the Th1 / Th2 lymphocyte ratio
revealed significant differences for the indices obtained
during incubation of mononuclear leukocytes with
CFP10 and ESAT6 and DAPT (10 puM / 1). Inhibition
of the Notch signaling pathway resulted in the
increased Th1 / Th2 cell ratio relative to the intact and
CFP10 — ESAT6-stimulated cultures in PT patients
(p, = 0.043) and healthy donors (p, = 0.012). There
were no significant differences between the groups
of patients with different mycobacterial sensitivity
(Table 2).

Table 2

Th1/Th2 cell ratio in patients with disseminated pulmonary tuberculosis, %, Me (Q —0,)

Th1/Th2 ratio

Healthy donors

Patients with pulmonary tuberculosis

Drug-sensitive

Drug-resistant

Baseline

1.2 (1.13-1.25)

0.96 (0.94-0.97)

0.93 (0.88-0.95)

With added AG (CFP10 and ESATG6)

1.16 (1.09-1.24)

0.96 (0.95-0.99)

0.95 (0.94-0.95)

With added AG and DAPT (10 uM / 1)

2.88 (2.68-2.82)
p,=0.012
p,=0.012

1.27 (1.21-1.28)

p,=0.003
p,=0.043
p,=0.043

1.25 (1.24-1.25)

p,=0.003
p,=0.043
p,=0.043

DISCUSSION

Protective control over the infectious process
caused by Mycobacterium  tuberculosis s
ensured by cooperative interaction of a variety of
immunocompetent cells, realized via juxtacrine and
paracrine signaling mechanisms. The role of the main
population ensuring the development of the adaptive
immune response belongs to the pool of antigen-
specific CD4" T lymphocytes [15]. Their crucial
role in the pathogenesis of PT is determined by their
ability to increase phagocytic activity of macrophages
[16], induce chemokine-mediated migration of CD8*
T cells, their cytolytic activity, and their secretion of
cytokines (IFNy, TNFa) and granzymes [15], and is
also confirmed by a high risk of disease development
in HIV patients [15; 17; 18].

The increased proportion of Thl and Th2
lymphocytes in the intact cultures of patients with
PT indicates complex involvement of cell-mediated
and humoral immune responses in the development
of a protective response against Mycobacterium
tuberculosis. A disseminated course of PT indicates
the failure of the responses, aimed at restraining
primary mycobacterial infection. An increase in the

number of Treg and Th2 cells can be considered as
one of the factors contributing to the progression of
the pathological process.

Highly specific molecules ESAT6 and CFP10,
secreted only by dividing Mycobacterium tuberculosis,
play a key role in the development of tuberculosis
infection [19]. The ESAT-6 protein has lytic activity,
promotes pathogen entry into the cell, and destabilizes
phagosomes, allowing mycobacteria to enter the
macrophage cytosol and avoid lysis. The CFP-10
antigen forms a complex with ESAT-6 and ensures
its delivery to the site of action [20]. The single
recombinant ESAT-6 —CFP10 protein is designed
to evaluate the cell-mediated immune response to
Mycobacterium tuberculosis. The increased number of
Thl and Th2 lymphocytes recorded in all the studied
samples in response to stimulation of the cell cultures
with mycobacterial antigens CFP10 and ESAT6
reflects the physiological cellular response and may
indicate a preserved antigen recognition function and
relatively effective intercellular cooperation.

The question on the functional significance of Th2
lymphocytes in the pathogenesis of the progressive
course of tuberculosis remains open. Classical
antibody-mediated immune responses (opsonization,
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complement activation, phagocytosis, lysosomal
degradation) can potentially be effective against
Mycobacterium tuberculosis [3]. The leading cytokine
of humoral immune response is IL-4, produced by
Th2 lymphocytes. Molecular mechanisms of IL-4
involvement in immune responses are associated with
suppression of TNFa-induced apoptosis in infected
cells, reduction of iNOS activity, and enhancement
of proliferation of antigen-specific regulatory T
lymphocytes [5]. The works by domestic [21; 22]
and foreign authors [23-25] established that the
polarization of the immune response toward Treg-
and Th2-dependent responses is a key element of
the immune imbalance in tuberculosis infection.
The intensity of the functional activity of Th2
lymphocytes, as well as the titer and spectrum of
antibodies formed by plasma cells may be crucial. In
view of this, the established decrease in the proportion
of Th2 lymphocytes in the cell cultures of PT patients
in both groups under the effect of DAPT (10 uM / 1)
with a parallel increase in the number of Th1 cells in
DS PT can be considered as a possible mechanism
contributing to the restoration of an effective dynamic
balance between the main populations regulating
the intensity of destructive processes and providing
protective control over the spread of the infection.

A recorded and maintained under various
experimental conditions smaller (than in DS PT)
number of Thl lymphocytes in patients with DR
PT proves significant disruptions of intercellular
cooperation mechanisms, induced by resistant strains
of mycobacteria among others. It was established
that the development of DR PT is associated with
a significant increase in the number and activity of
immunosuppressive regulatory T cells (Treg), their
production of IL-10, deficiency of NK cells, IFNy,
and IL-2 (the main factor ensuring proliferation of
antigen-specific lymphocytes) [24; 26]. Therefore, a
possible reason for the initially smaller number of Thl
lymphocytes in DS PT patients in the intact culture
and the preservation of this trend when the cells were
stimulated with antigens could be the mechanisms
induced by drug-resistant mycobacteria to disrupt
cell-mediated immune responses that contribute to
the persistence of the pathogen and progression of the
disease.

The Thl / Th2 ratio to a certain extent reflects the
immune pattern of T lymphocytes [4; 27]. With respect
to mycobacterial infection, the predominance of Thl
cells and cell-mediated immune responses provides
effective protection against the pathogen, while the

predominance of Th2 lymphocytes and humoral
immune responses facilitates the development of
hyperergic inflammation with immune-mediated
tissue damage. The increase in the Thl / Th2 ratio
under the effect of DAPT (10 uM / 1) in PT patients
compared to the intact and antigen-stimulated cultures
(as well as their compliance with baseline values
in healthy donors) can be considered as a possible
mechanism regulating the restoration of a balance
between lymphocyte populations through inhibition of
the Notch signaling pathway, which may contribute to
more effective development of the immune response
and slow down destructive processes.

CONCLUSION

The Notch signaling pathway has a modulating
effect on the differentiation of key lymphocyte
populations that determine the dynamic balance
between cell-mediated and humoral immune
responses. Inhibition of the Notch signaling cascade
by the y-secretase inhibitor DAPT (at a dose of 10 uM
/ 1) under in vitro conditions promotes an increase in
the Th1 / Th2 ratio in patients with disseminated DS
and DR PT. The positive regulatory effect on the Thl
/ Th2 balance allows the Notch signaling pathway
to be considered as a promising potential target in
pathogen-specific therapy for PT. The contribution
of the Notch signaling pathway to the regulation of
differentiation of other T lymphocyte populations
(Th17, Treg) involved in the immunopathogenesis of
PT requires further research.
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