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Pesiome. B coBpeMeHHOII JuUTepaType aKTUBHO HaKaIUIMBAIOTCS MOaHHbIE O POJIU PEryasaTOPHBIX
T-nmumdonutos (Treg) B uMMyHomaTtoreHese TyoepkyJiesa. [Tomasisioliee neiicteue Treg-KjIeTOK Ha TPOJIU-
depairio, PyHKIMOHATBbHYIO aKTUBHOCTh Thl-1TMM@OLIMTOB U aHTUTEHIIPE3EHTUPYIOIIUX KJIETOK IT03BO-
JISIET paccMaTpUBaTh JaHHYIO MTOMYJISIIMIO B KAY€CTBE BO3MOXKHOUN MUILIEHA MOAYJISILIUM UMMYHHOTO OTBETa
y 00JbHBIX TyOepKyJe3oM. CurHanbHbiil myTh Notch MpuHUMAaET yyacTue B perysiiuu 3KCIPecCUuu TpaHC-
KpuniuoHHoro ¢dakropa FoxP3 u, ciegoBaTenbHO, CIIOCOOEH MOAAEPKUBATHh CYIIPECCOPHYIO aKTUBHOCTD
Treg-numdponuron. KiroueBas poJib B (PyHKLIMOHUPOBAHUM CUTHAJIbHOTO Kackaaa Notch mpuHamIeXuT
(bepMeHTY y-ceKpeTase, OTLIETIISIoEeMY BHYTPUKIETOUHBbIN nomMeH perenTtopa (Notch ICD) ¢ nmocnenyio-
1M oOpa3oBaHMEM KOMILIEKCa, peryjupyomiero inddepeHInpoBKY KIETOK. AKTUBHO M3y4yaeMbIM WH-
rubutopoM y-cekpertasnl gBisieTcss DAPT — N-[N-(3,5-nudtopdenanerun)-L-ananui]-S-beHUIrTUIUH
TpeT-OyTUiI0BbIA 3¢up). MaTtepuasiom A1 UCCIAEAOBAHUS CIYXKWUJIM MOHOHYKJI€apHbI€ JICHKOLIUTHI, BbIIE-
JIEHHbIE U3 KPOBU OOJBHBIX JEKAPCTBEHHO-YYBCTBUTEIbHBIM U JIEKAPCTBEHHO-YCTOMUYUBBIM TyOEpKYJI€30M
JIETKUX METOJOM IpaJlle€HTHOIO HEeHTPpUGYTUPOBaHUS JO Hayajla MPOTUBOTYOepKyJIe3Hou Tepanuu. Kietku
KYJBTUBUPOBAIN B YCIOBUSIX CTUMYJISILIMU aHTUTeHaMU MUKoGakTepuii Tyoepkyne3a CFP10-ESAT6 wiu ¢
nobaBJIeHUEM B MHKYOAIIMOHHYIO cpeay nHruouropa y-cexkperasnsl (DAPT) B mo3ax S MkM/i1 u 10 MkM/n B
komOuHauu ¢ CFP10-ESAT6 nipu 37 °C u 5% CO, B teuenue 72 4. KonmmyectBo Treg-1nMbOIIMTOB OLIEHU -
BaJli METOAOM IMPOTOYHOI UTOMIYOPUMETPUHN ITYyTEM OMpeaeSIeHUs] SKCIPECCUN TTOBEPXHOCTHOTO pelemn-
Topa CD4 (FITC) u BHYyTpUKIETOUYHOTrO TpaHCKpUMninoHHoro ¢dakrtopa FoxP3 (PE). B UHTaKTHBIX KYJIbTYy-
pax KJIETOK OOJbHBIX TYOEPKY/IE30M JIETKMX OTHOCUTEIbHOE KOJINYECTBO Treg-TuM@OIIUTOB CTATUCTUYECKU
3HaunuMo (p < 0,001) mpeBbIlIAI0O aHAJIOTUYHBIE TTOKa3aTeJIu Y 3A0POBBIX TOHOPOB. CTUMYISLIUS KJIETOK
antureHamu CFP10-ESAT6 conpoBoxnanack yBeandeHueM goau CD4+FoxP3*-kieTok B 06eux rpyrmnax
OOJIbHBIX TYOepKyae30M. JlobaBieHre B MHKYOAIIMOHHYIO Cpely MHTMOUTOpPA Y-CeKpeTa3bl B KOHLIEHTPALMU
5 MKM /71 He MPUBOAMIIO K CTaTUCTUYECKN 3HAYMMbIM U3MEHEHUSIM KoindecTBa Treg-muMbOIMTOB. YBeIu-
yeHue koHueHTpauu DAPT no 10 MKM /1 cOnTpoBOXIaI0Ch YMEHBIIIEHUEM KoimdecTBa Treg-ImMpOIIuTOB
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M0 CPAaBHEHUIO C COOTBETCTBYIOIIMMU MoKazateassMu rpu ctumyJsiiiu antureHamu CFP10-ESAT6 Bo Becex
rpyrmimax oocjienyemMbiX. BHe 3aBUCMMOCTU OT yciaoBuUii KynbTuBupoBaHUs uuciio CD4*FoxP3*-knetok y
MAaIeHTOB C JICKAPCTBEHHON YCTOMUMBOCTHIO MUKOOAKTEPUIA MPEBHIIIAI0 UX KOJIUICCTBO Y OOJBHBIX JIe-
KapCTBEHHO-YYBCTBUTEJIBbHBIM TYOEPKYJI€30M JIETKUX. YTHETeHUe cUTHajabHoro mytu Notch rpu rmomorimn
uHruoburtopa y-cexkpetasnl (DAPT) B koHueHTpaiuu 10 MKkM /11 cmocoOCTBYET CHUXKEHUIO KoinyecTBa Treg-
JTUM@OIUTOB y OOJIBHBIX JEKapCTBEHHO-UYBCTBUTEIBHBIM 1 JIEKAPCTBEHHO-YCTOMYMBBIM TyOEpPKYJIE30M
JIETKUX. YMeHblieHue yncia Treg-muMdOoInTOB MPU MOMOILIU MHTUOUTOPA Y-CEKPETa3bl TOATBEPXKIAET 3HA-
YeHMEe CUTHAJIbHOTrO Kackana Notch Kak moTeHIIMaIbHO BO3MOXHOI MUIIICHHM IS KOPPEKIIUN UMMYHHOCY-
MPECCOPHOI aKTUBHOCTH Treg-TMMMOIIMTOB 1 IMaTOTeHETUYECKOM Tepanu TyoepKyJie3a.

Karouesnie cnosa: Notch, T-pecyasmophsie knemku, duggepenyuposka, neKapcmeeHHas ycmoiuugocms, mybepkynes neekux,
eamma-cekpemasa, DAPT

SIGNIFICANCE OF NOTCH SIGNALING IN THE REGULATION
OF Treg LYMPHOCYTE DIFFERENTIATION IN PATIENTS WITH
INFILTRATIVE PULMONARY TUBERCULOSIS

Sanina A.E,, Serebryakova V.A,, Urazova O.I, Gadzhiev A.A.,
Kononova T.E.

Siberian State Medical University, Tomsk, Russian Federation

Abstract. Data on the role of regulatory T lymphocytes (Treg) in the immunopathogenesis of tuberculosis
are actively accumulating in the current literature. The overwhelming effect of Treg cells on the proliferation,
functional activity of Thl lymphocytes and antigen-presenting cells allows to consider this population as
a possible target of modulation of the immune response in patients with tuberculosis. The Notch signaling
pathway participates in the regulation of FoxP3 transcription factor expression and, therefore, is capable
of supporting suppressor activity of Treg lymphocytes. A key role in the functioning of the Notch signaling
cascade belongs to the enzyme y-secretase that cleaves the intracellular domain of the receptor (Notch ICD),
with the subsequent formation of a complex that regulates cell differentiation. The actively studied inhibitor
of y-secretase is DAPT — N-[N-(3.5-difluorophenacetyl)-L-alanyl]-S-phenylglycine tert-butyl ester).
Mononuclear leukocytes isolated from the blood of patients with drug-sensitive and drug-resistant pulmonary
tuberculosis by gradient centrifugation before the start of anti-tuberculosis therapy were used as the material
for the study. The cells were cultured under conditions of stimulation with Mycobacterium tuberculosis antigens
CFP10-ESATG6 or with the addition of y-secretase inhibitor (DAPT) at doses of 5 uM/L and 10 uM/L in
combination with CFP10-ESAT6 at 37 °C and 5% CO, for 72 h to the incubation medium. The number of Treg
lymphocytes was assessed by flow cytofluorimetry by determining the expression of the CD4 surface receptor
(FITC) and the intracellular transcription factor FoxP3 (PE). In intact cell cultures of pulmonary tuberculosis
patients, the relative number of Treg lymphocytes was statistically significantly (p < 0.001) higher than that
of healthy donors. Stimulation of cells with CFP10-ESAT6 antigens was accompanied by an increase in the
proportion of CD4*FoxP3* cells in both groups of tuberculosis patients. Addition of y-secretase inhibitor at
a concentration of 5 uM/L to the incubation medium did not lead to statistically significant changes in the
number of Treg lymphocytes. The increase in DAPT concentration up to 10 uM/L was accompanied by a
decrease in the number of Treg lymphocytes in comparison with the corresponding indices upon stimulation
with CFP10-ESAT6 antigens in all groups of the subjects. Regardless of cultivation conditions, the number
of CD4*"FoxP3* cells in patients with drug-resistant mycobacteria exceeded their number in patients with
drug-sensitive pulmonary tuberculosis. Inhibition of the Notch signaling pathway by a y-secretase inhibitor
(DAPT) at a concentration of 10 uM/L contributed to a decrease in the number of Treg lymphocytes in
patients with drug-sensitive and drug-resistant pulmonary tuberculosis. Reduction of Treg lymphocyte number
by y-secretase inhibitor confirms the importance of Notch signaling cascade as a potential target for correction
of Treg lymphocytes immunosuppressive activity and pathogenetic therapy of tuberculosis.

Keywords: Notch, T regulatory cells, differentiation, drug resistance, pulmonary tuberculosis, gamma-secretase, DAPT
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Introduction

Protective control over the infectious process
caused by Mpycobacterium tuberculosis is ensured
by the cooperative interaction of multiple im-
munocompetent cells, realized through juxtacrine
and paracrine mechanisms [12]. Data on the role of
regulatory T lymphocytes (Treg) in pathogenesis of
immune response at pulmonary tuberculosis (PT)
are actively accumulating in the modern literature [2,
3]. The immunosuppressive function of Treg cells
is implemented through the secretion of cytokines
(IL-10, TGF-p and IL-35), suppression of expression
of costimulation molecules (CD80 and CDS86)
necessary for activation of helper T cells type 1 (Thl),
and induction of granzyme-dependent apoptosis of
target cells by dendritic cells [2]. Increased number
of Treg lymphocytes in patients with PT correlates
with multidrug resistance of the pathogen, bacillary
load, and is also accompanied by chronicization
and aggravation of the pathological process [8]. The
overwhelming effect of Treg-cells on the proliferation
and functional activity of Thl lymphocytes allows
us to consider this population as a possible target of
modulation of the immune response in patients with
tuberculosis [5]. The Notch signaling pathway hasbeen
shown to be an important mechanism of intercellular
signaling that regulates innate and adaptive immune
response responses [7, 10].

The literature presents data indicating the
importance of the Notch molecular cascade
in the pathogenesis of tuberculosis. It has been
established that stimulation of mouse macrophages
is accompanied by an increase in the expression
of Notch receptors and its ligands, Jagged 1, DIl 1
and DIl 4. The progressive course of tuberculosis
infection is associated with an increase in the number
of monocytes/macrophages and dendritic cells
expressing Notch-receptor ligand — DI1 4 [1, 9, 11].
The results of experiments on cell lines demonstrate
the critical importance of Notch-1 signaling pathway
in the regulation of transcription factor FoxP3
expression and, as a consequence, the maintenance of
immunosuppressive function of Treg cells [1].

Akey role in the functioning of the Notch signaling
cascade belongs to y-secretase, an enzyme that cleaves
the intracellular domain of the receptor (Notch
ICD), with the subsequent formation of a complex
that regulates cell differentiation. A known inhibitor
of y-secretase, which is being actively studied, is
DAPT — N-[N-(3.5-difluorophenacetyl)-L-alanyl]-
S-phenylglycine t-butyl ester [4, 6, 10, 13].

Materials and methods

The study involved 15 patients with newly
diagnosed infiltrative pulmonary tuberculosis. The

middle age of the patients was 45.4%6.58 vyears.
Depending on the sensitivity of mycobacteria to
anti- tuberculosis drugs, all patients were divided into
two groups: 8 patients with drug-sensitive PT and 7
patients excreting mycobacteria resistant to at least
isoniazid and rifampicin. The control group consisted
of 8 healthy volunteers of comparable sex and age. The
material for the study was whole peripheral venous
blood taken before the start of anti-tuberculosis
therapy. Mononuclear leukocytes were isolated from
blood by gradient centrifugation (p = 1.077 g/mL).
Mycobacterium tuberculosis antigens CFP10-ESAT6
(Diakintest, Generium, Russia) were added to
the incubation medium at a dose of 10 ug/mL or
y-secretase inhibitor (DAPT, Tocris Bioscience, UK)
at doses of 5 uM/L and 10 uM/L in combination
with CFP10-ESAT6. Cells were cultured in complete
RPMI-1640 medium with L-glutamine (BioloT
LLC, Russia) at 37 °C and 5% CO, for 72 h. The
number of Treg lymphocytes was estimated by flow
cytofluorimetry by determining the expression of
CD4 surface receptor (FITC, BD Biosciences, USA)
and intracellular transcription factor FoxP3 (PE, BD
Biosciences, USA). The results were processed using
a statistical software package IBM SPSS Statistics
20. The Shapiro-Wilk test was used to check the
correspondence of the data to the normal distribution
law. Significance of differences in quantitative data
was assessed using Mann—Whitney U nonparametric
test. Wilcoxon test was used to assess the significance
of differences in dependent data within the group.
The results of statistical analysis were considered
significant at the p < 0.05 level.

Results and discussion

The key role in the coordinated antigen-specific
immune response to Mycobacterium tuberculosis
belongs to homeostasis and dynamic interaction
between dendritic cells, macrophages and various
populations of T lymphocytes: Thl, Th2, Thl7,
Treg. The question about the molecular mechanisms
of immunoregulatory imbalance remains open. One
of the factors of pathological process progression in
tuberculosis is excessive immunosuppressive activity of
regulatory T cells. By inhibition of antigen-dependent
differentiation and activation of apoptosis of Thl
lymphocytes, as well as suppressive influence on
antigen-presenting cells, Treg population contributes
to suppression of immune response and induces more
severe course of disease with long-term persistence of
pathogen.

The study showed that in patients with
infiltrative drug-sensitive (DS) and drug-resistant
(DR) PT in intact cultures the relative number of
Treg lymphocytes (CD4*FoxP3*) was statistically
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TABLE 1. RELATIVE CONTENT OF Treg LYMPHOCYTES IN PERIPHERAL BLOOD (% OF TOTAL LYMPHOCYTES)
IN PATIENTS WITH INFILTRATIVE PULMONARY TUBERCULOSIS, Me (Q, ,5-Q,15)

Cultivation conditions

o Healthy donors
in vitro

Patients with infiltrative pulmonary tuberculosis

Drug-sensitive Drug-resistant

Treg lymphocytes (CD4*FoxP3*)

Intact culture 2.58 (2.37-3.15)

4.88 (4.63-5.11)
p, < 0.001
p, = 0.022

5.31 (5.24-5.39)
p, < 0.001

With added antigens
(CFP10-ESAT6)

2.63 (2.43-3.21)
p, = 0.007

5.7 (5.65.5.76) 5.09 (4.78-5.22)

b, < 0.001 P, <0.001
Dy = 0.012 P, =0.012
2= 0. p,= 0.001

With added antigens and

DAPT (5 uMIL) 2.61(2.41-3.2)

5.09 (4.76-5.20)
p, < 0.001
p, = 0.001

5.69 (5.62-5.73)
p, < 0.001

With added antigens and
DAPT (10 uM/L)

2.39 (2.27-3.02)
p, = 0.008

4.91 (4.86-5.00) 4.15 (4.06-4.30)

b, < 0.001 p; < 0.001
D, = 0.012 p; = 0.012
o p, = 0.001

Note. p,, level of statistical significance of differences compared with similar parameters in healthy donors; p,, compared with
baseline parameters (in intact cell culture); p;, compared with parameters during antigen stimulation; p,, compared with parameters

in patients with drug-sensitive pulmonary tuberculosis.

significantly (p < 0.001) higher than that in healthy
volunteers (Table 1). We may assume that increased
number of CD4*FoxP3* cells causes suppression of
Thl-mediated immune response and may promote
pathological process progression or, on the contrary,
prevent formation of hyperergic immune reaction and
lung tissue damage.

After stimulation of cell cultures with CFP10-
ESAT6 antigens, we registered an increase in the
proportion of CD4*FoxP3* cells relative to initial
values in both groups of patients and healthy donors
(Table 1).

The addition of a y-secretase inhibitor (DAPT) at
a concentration of 5 uM/L to the cell suspension in
combination with CFP10-ESAT6 antigens was not
accompanied by statistically significant changes in the
number of Treg lymphocytes both in PT patients and
healthy donors (Table 1).

Increasing the DAPT dose up to 10 uM/L resul-
ted in a decrease in the number of CD4"FoxP3*
cells compared to the corresponding indices upon
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