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ABSTRACT

Aim of the research�–�to�investigate�the�features�of�the�immune�response�regulation�in�pulmonary�tuberculosis�

(TB)�and�analyze�the�role�of�regulatory�T�cells�in�the�immunopathogenesis�of�TB�with�blood�eosinophilia�in�

different�clinical� forms�of�the�diseases�and�with�regard�to�the�sensitivity�of�Micobacterium�tuberculosis�to�

antituberculosis�drugs.

Materials and methods. 157�patients�with�newly�diagnosed�infiltrative�and�disseminated�TB�were�examined.�

The�material�of�the�study�was�venous�blood�and�the�culture�of�mononuclear�leukocytes�isolated�from�venous�

blood.�The�level�of�interleukin�(IL)�4,�IL-10�and�transforming�growth�factor�beta�(TGF�)�in�supernatants�of�

culture�suspensions�of�mononuclear�leukocytes�in�vitro�and�the�level�of�IL-5�in�the�blood�were�determined�

with�the�enzyme-linked�immunosorbent�assay.�Evaluation�of�the�expression�of�surface�molecules�CD4,�CD20,�

CD25�and�intracellular�transcription�factor�Foxp3�in�blood�lymphocytes�was�performed�by�flow�cytometry.�

The�results�were�analyzed�by�statistical�methods.

Results. It�was�shown�that�in�patients�with�TB,�excessive�generation�of�regulatory�T�cells�is�associated�with�

eosinophilia�of�the�blood�and�an�imbalance�in�the�mechanisms�of�regulation�of�the�immune�response.�In�TB�

with�eosinophilia,�an�increase�in�the�number�of�Foxp3-positive�regulatory�T�cells�in�the�blood�is�combined�

with�hypersecretion� in�vitro�of� anti-inflammatory�cytokines�TGF�,� IL-10,� IL-4�and�an� increase� in�CD20+�

B-lymphocyte�and�IL-5�in�the�blood.�These�changes�were�most�pronounced�in�the�disseminated�form�of�TB�in�

combination�with�drug�resistance�of�the�pathogen.

Conclusion. Features�of�immunoregulation�in�TB�with�eosinophilia�of�blood�are�associated�with�activation�

of� immunosuppression�mechanisms� and� polarization� of� the� immune� response� in� the� direction� of� the�Th2-

dependent�pathway.�
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169

��������������������

INTRODUCTION

Pulmonary tuberculosis (TB) is an immuno-
compromising disease with intracellular para-
sitization of the pathogen. Infection with My-
cobacterium tuberculosis (MTB) leads to the 
mobilization of various populations of myeloid 
and lymphoid immune cells which are capable, 
through intercellular contacts and secretion of 
immunoregulatory biomolecules, of influenc-
ing all links and stages of the immune response, 
thus determining the direction of its develop-
ment, activation and suppression. Factors of 
innate and adaptive immunity in the process of 
immunological surveillance of antigens of dif-
ferent origin do not function in isolation from 
one another, but have a mutually directed 
positive and negative regulation [1–3].

One of the mechanisms of the formation of 
the suppressor regimen of immunoregulation 
in TB is an excessive generation and conver-
sion of regulatory T cells, which contribute 
to the reduction of the number of different 
subpopulations of T-helpers and weaken the 
antimycobacterial immunity of the macroor-
ganism as a whole [3]. Studies carried out in 
the field of immunopathogenesis of TB indi-
cate that in case of tuberculosis infection, an 
increase in the number of Tregs in the blood 
is associated with an increase in the number of 
eosinophilic granulocytes [4]. 

Eosinophils are the polyfunctional granu-
locytes possessing a wide spectrum of bacte-
ricidal and cytotoxic factors (metabolites of 
oxygen and nitrogen, lipid mediators, granule 
proteins), phagocytic, antigen-presenting and 
immunoregulatory properties [5]. Increasing 
knowledge about the components of granules, 
inducible mediators and surface receptors of 
eosinophils indicates that these cells are the 
active participants of the reactions that form 
the basis of the pathogenesis of tuberculo-
sis infection. However, the modulating role 
of eosinophils in the development of antitu-
berculosis immunity remains to be fully elu-
cidated.

Thus, the purpose of this work was to ana-
lyze the role of regulatory T cells in the reg-

ulation of the immune response in ТВ with 
eosinophilia of the blood.

MATERIALS�AND�METHODS

A total of 157 patients with TB (108 men 
and 49 women) aged 18 to 55 years (4.94±10.63 
years old in average) were enrolled in the study. 
TB was diagnosed on the basis of a clinical 
picture of the disease, lung X-ray, and micro-
scopic and bacteriological sputum examination 
data. All patients with TB were examined pri-
or to administration of etiotropic antituber-
culsis chemotherapy. Based on the number of 
eosinophils in the blood of TB patients, two 
main study groups were formed. The first 
group (n=76) consisted of patients with eosin-
ophilia-associated TB who had absolute and 
relative number of eosinophils in the blood 
of (0.966±0.110)Ч109/l and (8.790±0.250)%, 
respectively. The second group (n=81) in-
cluded TB patients without blood eosino-
philia (number of eosinophils in the blood of 
(0.249±0.010)Ч109/l and 2.572±1.190%). Out of 
all examined patients, 94 people had infiltra-
tive TB, and 63 people – disseminated TB. In 
all enrolled TB patients, the sensitivity of the 
MBT to the main antituberculosis drugs was 
investigated. As a result, in 99 patients MTB 
was found to be sensitive to the main antitu-
berculosis drugs (isoniazid, rifampicin, strepto-
mycin, ethambutol), while in 58 patients MTB 
was drug-resistant.

The comparison group consisted of 78 
healthy donors (52 men and 26 women) aged 
23 to 50 (41.31±7.47 years old in average). 

The criteria for excluding TB patients from 
the study were the treatment with anti-tuber-
culosis, nonsteroidal anti-inflammatory drugs, 
and glucocorticosteroids; immunotherapy; 
concomitant oncological, endocrine, autoim-
mune and allergic diseases; co-inflection with 
hepatitis, HIV, and other viruses. 

In all patients with TB and in healthy do-
nors, parasitic infestation was ruled out (based 
on the results of anamnesis, coroscopy and an-
tibody titres to helminth antigens assessed by 
the enzyme immunoassay).
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The material of the study was blood from 
the ulnar vein, taken in the morning on an 
empty stomach in an amount of 20 ml, and 
supernatants of a suspension culture of mono-
nuclear leukocytes. Blood sampling in healthy 
volunteers and patients with TB (before the 
appointment of specific chemotherapy) was 
performed only once.

Isolation of mononuclear leukocytes from 
venous blood was performed on a ficoll-uro-
graphin density gradient (1.077 g/ml) (Med-
biospectr, Russia). 

Measurement of the concentration of inter-
leukin (IL) 4, IL-10, and transforming growth 
factor beta (TGFβ) in supernatants of culture 
suspensions of mononuclear leukocytes and 
IL-5 in the blood was performed by solid-phase 
enzyme-linked immunosorbent assay (ELISA), 
according to manufacturer’s instructions (Pro-
tein Сontour, Russia; Biosource, USA). The 
optical density of the plate-well contents was 
evaluated using a photometer-analyzer Multi-
scan EX (Finland) at a wavelength of 450 nm.

To determine the surface molecules CD4, 
CD20, and CD25, and intracellular transcrip-
tion factor Foxp3 in the blood lymphocytes, 
flow cytometry was performed using fluoro-
chrome-labeled monoclonal antibodies (Per-
CP, FITC, PE), according to the manufactur-
er’s protocol (Becton Dickinson (BD), USA). 
Samples were analyzed on the «FACS Calibur 
Flow cytometer BD» (BD, USA). Data analysis 
was performed using «BD CellQuest for Mac 
OS® X» software (BD, USA). 

For statistical analysis, an application pack-
age «Statistica for Windows» Version 8.0 
(«StatSoft Inc.», USA) was used. The compli-
ance of the sample data with the normal dis-
tribution law was verified by the Shapiro-Wilk 
test. Since all quantitative parameters in the 
comparison groups did not have a normal 
distribution, the results were presented as a 
median (Ме), upper (75%) and lower (25%) 
quartiles (Ме (Q1-Q3)). The reliability of the 
differences in the samples that did not follow 
a normal distribution was estimated using the 
nonparametric U Mann-Whitney criterion for 

independent samples. Differences were consid-
ered reliable at a significance level of p<0.05.

RESULTS�AND�DISCUSSION

Number of Tregs in blood in patients with 
pulmonary tuberculosis with and without eo-
sinophilia

Various subpopulations of regulatory T cells 
and eosinophilic granulocytes are involved in 
the reactions of both the innate and acquired 
immune response. Imbalance of cytokines pro-
duced by Treg and eosinophils programs the 
directivity of the immune response along the 
path of dominance of individual subpopulations 
of T-lymphocyte helper cells – Th (Th1, Th2 
and/or Treg), which can lead to inefficient im-
plementation of protective antituberculous im-
munity. 

Among Treg cells, two main subpopulations 
are currently identified: natural thymic (Tnr) 
and induced on periphery Tregs (Tir) [6–8]. It 
is shown that Tregs express a variety of surface 
and intracellular molecules which contribute to 
their immunosuppressive effect. For example, 
using the membrane molecule CD25 (α-chain of 
the receptor for IL-2), Tregs competitively bind 
IL-2, affecting the process of cytokine-induced 
activation of other T-cells that are sensitive to 
it. The maximum suppressor activity is charac-
teristic to Foxp3-positive Tregs [9]. Expression 
of the intracellular transcription factor Foxp3 
leads to the induction of the Treg differentia-
tion genes and of the inhibitory cytokines pro-
duction (IL-10 and TGFβ), which suppress the 
functional activity of effector T cells [10–12]. 
According to a number of researchers, exces-
sive activation of Treg mediates the decrease 
in the effectiveness of antituberculosis effector 
immune response [2]. 

It is known that due to the expression of the 
membrane TLR2 receptor (Toll-like receptor) 
and ��TCR (T-cell receptor), eosinophils are 
able to recognize MTB antigens with subse-
quent secretion of suppressive cytokines [13, 
14]. Thus, TGFβ secreted by eosinophilic gran-
ulocytes induces the expansion and increased 
functional activity of Tregs [15]. 
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In the course of the study, a significant in-
crease (in comparison with a group of healthy 
individuals) in the number of CD4+CD25+-

Foxp3+ Tregs in the blood of TB patients was 
found, and was especially pronounced, in pa-
tients with blood eosinophilia (compared to 
patients without eosinophilia), with dissem-
inated form of TB (compared to infiltrative 
TB) and with drug-resistant TB (compared 
to drug-sensitive TB). At the same time, the 
number of CD25-negative Treg cells expressing 
FoxP3 was increased in patients with drug-re-
sistant disseminated TB alone, regardless of the 
presence of blood eosinophilia (Table 1, 2). 

Secretion in vitro of immunosuppressive 

T a b l e  1

Number of CD4+CD25+Foxp3+ regulatory T cells in the blood of pulmonary tuberculosis patients, Me (Q
1
–Q

3
)

Groups of enrolled patients CD4+CD25+Foxp3+ Treg (%)

Healthy donors
2.63

(2.00–3.29)

Pulmonary tuberculosis patients (TB)
With drug-sensitive TB With drug-resistant

 TB

With blood eosinophilia

Infiltrative
3,93 (3,11–6,00)

р
1 
< 0,05

4,83 (5,21–8,24)
р

1 
< 0,05

Disseminated
6,67 (4,56–8,20)

р
1 
< 0,05

7,04 (6,78–10,48)
р

1 
< 0,05

Without blood eosino-
philia

Infiltrative
3,26 (2,00–7,15)

р
1 
< 0,05

3,98 (1,95–6,85)
р

1,2 
< 0,05

Disseminated
4,66 (4,02–5,48)

р
1, 2, 3 

< 0,05
5,25 (2,78–6,00)

р
1, 2, 3 

< 0,05

N o t e. Here and in Tables 2-7: р
1
 – the level of statistical significance of the differences in comparison with parameters of healthy 

donors; р
2
 – in patients with pulmonary tuberculosis with eosinophilia; р

3
 – in patients with infiltrative pulmonary tuberculosis; p

4 
– 

in patients with drug-sensitive pulmonary tuberculosis.

T a b l e  2

Number of CD4+CD25�Foxp3+ regulatory Т cells in the blood of pulmonary tuberculosis patients, Me (Q
1
–Q

3
)

Groups of enrolled patients  

Healthy donors
5,12

(4,76–9,75)

Patients with pulmonary tuberculosis (PT) Drug-sensitive TB Drug-resistant TB

With blood eosinophilia 

infiltrative 6,06 (4,70–8,34) 5,65 (4,94–13,02)

disseminated 5,76 (3,00–5,99)
6,36 (3,29–7,04)

р
1 
< 0,05

Without blood  
eosinophilia 

infiltrative 
5,00 (3,04–6,95)

р
2 
< 0,05

4,62 (3,54–7,00)
р

2 
< 0,05

disseminated 
6,00 (5,79–7,14)

р
3 
< 0,05

6,75 (5,95–7,43)
р

1 
< 0,05

cytokines IL-10 and TGFβ in patients with 
pulmonary tuberculosis depending on the con-
tent of eosinophils in the blood

It is known that IL-10 inhibits the synthesis 
and secretion of regulatory cytokines by all 
subpopulations of helper T-lymphocytes (Th1, 
Th2 and Th17), and also reduces the function-
al activity of antigen presenting cells (APC). 
The significant role of IL-10 in limiting the de-
velopment of reactions of innate and acquired 
anti-infective immunity is well established [16–
18], including the inhibition of the prolifera-
tive response of T cells against the MTB [3]. 

In the course of the study, we found an in-
crease in basal and BCG-induced IL-10 secre-
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tion in vitro by mononuclear blood leukocytes 
in drug-sensitive infiltrative TB without eosin-
ophilia (Table 3). In patients with TB with eo-
sinophilia, regardless of the form of the disease 
and the drug sensitivity of the pathogen to the 
antituberculosis drugs, the basal secretion of 
IL-10 was comparable to the norm, while the 

CD4+CD25+Foxp3+ regulatory T lympho-
cytes are considered to be the main TGFβ-pro-
ducing cell type, though other cells are also 
able to secrete this cytokine, including activat-
ed T-lymphocytes, monocytes/macrophages, 
eosinophils, platelets, chondrocytes, osteo-
blasts and osteoclasts [16].  The main property 
of TGFβ is an ability to suppress all types of 
immune responses, primarily those mediated 
by helper T-lymphocyte type 1 [16]. Under 
the action of TGFβ, with the participation of 
costimulatory molecules, T-helpers are con-
verted into regulatory T cells on the periph-
ery of the immune system (from CD4+CD25� 
Т-cells into CD4+CD25+Foxp3+ Tregs) [7, 19]. 
The manifestation of this kind of transforma-
tion is the expression of the transcription fac-
tor Foxp3 (scurphin) directly inside the cell, 

T a b l e  3

IL-10 secretion in vitro in the culture of mononuclear leukocytes in patients with pulmonary tuberculosis (in the numerator 
– intact, in the denominator – BCG-induced) (pg/ml) (Me (Q

1
–Q

3
))

Groups of enrolled patients 

Healthy donors 
25,29 (13,50–33,56)
26,21 (22,74–60,22)

Patients with pulmonary tuberculosis (PT) Drug-sensitive TB Drug-resistant TB

With blood eosinophilia 

infiltrative 

20,91 (14,07–29,24)

43,17 (32,73–61,28)
р

1,5 
< 0,05

22,56 (13,70–29,89)

42,98 (31,63–63,15)
р

1 
< 0,05

disseminated 

19,00 (16,740–24,71)

46,81 (23,90–70,52)
р

1,5 
< 0,05

20,37 (17,29–25,12)

44,93 (25,18–69,30)
р

1 
< 0,05

Without blood  
eosinophilia 

infiltrative 

44,92 (18,75–57,64)
р

1, 2 
< 0,05

55,49 (32,22–65,28)
р

1, 2, 5 
< 0,05

27,51 (24,18–42,71)
р

4 
< 0,05

24,51 (25,62–53,21)
р

2, 4 
< 0,05

disseminated 

24,11 (9,54–50,72)
р

2, 3
<0,05

33,52 (20,64–66,17)
р

3, 5
<0,05

20,07 (18,22–21,13)

26,52 (23,57–35,24)
р

2
<0,05

N o t e. Here and in Tables 4–5: р
5
 – compared with intact cell culture.

BCG-induced level of the cytokine secretion 
significantly exceeded that of healthy volun-
teers (Table 3). 

It should be noted that with TB with eo-
sinophilia, the normal basal secretion level of 
IL-10 in vitro was combined with an increased 
content of CD4+CD25+Foxр3+ T-lymphocytes in 
the blood.

as well as the CD25 and CTLA-4 molecules 
(cytotoxic T-lymphocyte-associated protein 4) 
on its surface. It is known that TGFβ can alter 
the functional activity of Treg and their sensi-
tivity to apoptosis by increasing the expression 
of the FOXP3 gene that is localized in the X 
chromosome [8, 9].  

According to the results obtained, the level 
of secretion of TGFβ in an in vitro culture 
of mononuclear leukocytes in TB changed in 
different ways (Table 4). Thus, in patients with 
TB in combination with eosinophilia of blood, 
a significant increase in basal secretion of TGFβ 
was identified. At the same time, BCG-induced 
in vitro TGFβ secretion by mononuclear leu-
kocytes in patients with drug-sensitive and 
drug-resistant infiltrative TB with eosinophilia 
was decreased, while in patients with dissem-
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inated TB with eosinophilia (regardless of the 
sensitivity of the pathogen to the antituber-
culosis drugs), on the contrary, it was high-
er than in group of healthy donors. Similarly, 
an elevated level of BCG-stimulated in vitro 
secretion of TGFβ was detected in drug-re-
sistant disseminated TB without eosinophilia; 
in patients with drug-sensitive infiltrative TB 

without eosinophilia, basal and induced se-
cretion of TGFβ varied within normal limits, 
while in the remaining groups of patients with-
out eosinophilia, its deficiency was revealed. 
In general, the maximum increase in basal and 
BCG-induced secretion of this mediator in vi-
tro was detected in drug-resistant disseminated 
TB with eosinophilia (Table 4). 

T a b l e  4

TGFβ secretion in vitro in the culture of mononuclear leukocytes in patients with pulmonary tuberculosis (in the numerator 
– intact, in the denominator – BCG-induced) (pg/ml), Me (Q

1
–Q

3
)

Groups of enrolled patients 

Healthy donors 
1108,75 (929,80–1487,20)
1087,80 (500,00–1412,60)

Pulmonary tuberculosis patients (TB) With drug-sensitive TB With drug-resistant TB

With blood  
eosinophilia 

infiltrative 

1299,03 (840,59–1327,78)
р

1
< 0,05

627,50 (553,50–731,71)
р

1, 5 
< 0,05

1001,60 (630,74–1103,00)
р

4 
< 0,05

652,10 (545,91–743,06)
р

1, 5 
< 0,05

disseminated 

1421,31 (769,45–2140,73)
р

1, 3 
< 0,05

1267,83 (771,45–1663,00)
р

1, 5
<0,05

1632,12 (774,90–2005,78)
р

1, 3, 4 
< 0,05

1365,48 (829,40–1748,22)
р

1, 3, 5 
< 0,05

Without blood  
eosinophilia 

infiltrative 

1062,91 (792,24–1613,57)
р

2 
< 0,05

1125,92 (875,16–1215,07)
р

2 
< 0,05

578,02 (315,29–781,46)
р

1, 2, 4 
< 0,05

752,17 (495,32–991,45)
р

1, 4, 5 
< 0,05

disseminated 

923,62 (728,24–1427,19)
р

1, 2, 3 
< 0,05

873,18 (571,11–031,92)
р

1, 2, 3 
< 0,05

1072,33 (915,61–2452,27)
р

1, 2, 3 
< 0,05

1986,58 (792,53–3009,68)
р

1, 2, 3, 4, 5 
< 0,05

Hypersecretion of TGFβ in TB accompa-
nied by eosinophilia indicates an increase in 
the reactivity of the main producing cells of 
this cytokine, the Tregs. Given that TGFβ me-
diates proliferation, differentiation, and activa-
tion of immunosuppressive properties of Tregs, 
its excessive secretion may be the cause of an 
increase in the total number of Treg and their 
individual subpopulations in the blood in pa-
tients with TB with eosinophilia. At the same 
time, it is shown that in diseases accompanied 
by eosinophilia, eosinophilic granulocytes may 
also represent a source of TGFβ [13, 15, 20]. 

 One of the mechanisms of mutually direct-
ed regulation of the functional activity of Tregs 
and eosinophils in TB can be the formation of 
an «immunosuppressive» microenvironment 
in the focus of granulomatous inflammation 

through the secretion of a specific enzyme in-
dolyl-2,3-dioxygenase (IDO) by these cell pop-
ulations. Information on the role of the enzyme 
in the formation of the suppressor regimen of 
immune regulation appeared in the literature 
relatively recently and was referred to as the 
«tryptophan degradation mechanism» [6,21]. 
Simultaneous induction of IDO in tolerogenic 
dendritic cells (TDC) and Tregs is considered 
as a possible mechanism of an inhibitory ef-
fect of CD4+CD25+Foxp3+ natural regulatory T 
cells [6, 9]. Eosinophilic granulocytes can also 
synthesize IDO, catalyzing the conversion of 
tryptophan to kynurenin, which in turn regu-
lates the balance of Th1/Th2 lymphocytes by 
inducing apoptosis of Th1 cells [22].
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The key cytokine of the Th2 immune re-
sponse is IL-4, which stimulates the clonal pro-
liferation of B-lymphocytes and their matura-
tion into plasma cells secreting antibodies. In 
addition, IL-4, along with IL-2, regulates the 
balance between suppression and activation of 
immune responses [23]. Some authors suggest 
the ability of IL-4 to inhibit apoptosis of Treg 
and increase their suppressor activity [24]. 

According to the results of this study, the 
level of basal secretion of IL-4 by mononucle-
ar leukocytes in vitro was significantly higher 
than normal in all TB patients with eosinophil-
ia, regardless of the clinical form of the dis-
ease and the sensitivity of the pathogen to the 
antituberculosis drugs, while in patients with-

out eosinophilia, the increase in basal cytokine 
secretion was recorded only with a drug-re-
sistant variant of disseminated TB (Table 5). 
BCG-induced in vitro secretion of IL-4 was 
increased only in disseminated TB, both with 
and without eosinophilia. In general, the most 
pronounced changes in the secretion of IL-4 
in vitro were established in disseminated TB in 
combination with drug resistance of the patho-
gen (Table 5), that fits into the existing ideas 
about the immunopathogenesis of this form of 
TB. It is known that in disseminated TB, a 
predominant Th2 type of immune response is 
realized with activation of B-lymphocytes and 
immunoglobulin-secreting function of plasma 
cells formed from them [3].

T a b l e  5

IL-4 secretion in vitro in culture of mononuclear leukocytes in patients with pulmonary tuberculosis (in the numerator - 
intact, in the denominator – BCG-induced), Me (Q

1
–Q

3
)

Groups of enrolled patients 

Healthy donors
39,98 (21,14–55,04)
43,69 (26,46–68,55)

Pulmonary tuberculosis patients (TB) With drug-sensitive TB With drug-resistant TB

With blood 
eosinophilia 

infiltrative 

57,13 (35,72–78,41)
р

1
< 0,05

45,64 (32,04–60,00)

62,36 (37,11–79,45)
р

1 
< 0,05

39,23 (35,65–56,32)

disseminated 

56,39 (24,14–70,63)
p

1, 3 
< 0,05

60,47 (40,11–78,49)
р

1
< 0,05

52,24 (23,55–66,23)
p

1, 3 
< 0,05

59,92 (41,34–77,39)
р

1, 3 
< 0,05

Without blood 
eosinophilia 

infiltrative 

30,54 (16,30–51,42)
р

2 
< 0,05

29,15 (19,55–52,42)
р

2 
< 0,05

36,29 (17,18–47,53)
р

2 
< 0,05

35,82 (20,22–54,61)
р

2 
< 0,05

disseminated 

38,32 (39,94–74,81)
р

2 
< 0,05

59,13 (44,37–75,12)
р

1, 3, 5 
< 0,05

60,73 (41,15–72,39)
p

1, 3, 4 
< 0,05

51,74 (44,79–59,72)
р

1, 3 
< 0,05

Another mediator of the Th2-mediated (hu-
moral) immune response is IL-5 [25]. IL-5 pos-
sesses not only eosinophil-activating properties 
but, in cooperation with IL-4 and IL-13, also 
induces the proliferation and differentiation of 
B-lymphocytes (CD20+), secretion of immuno-
globulins of different classes by plasma cells 
and anti-inflammatory cytokines by Th2-lym-
phocytes [25]. 

In patients with TB with eosinophilia, re-
gardless of the clinical form of the disease and 
the sensitivity of the pathogen to the antitu-
berculosis drugs, an increase in the content 
of IL-5 in the blood was detected. Among 
patients with disseminated TB with eosino-
philia, the maximum serum concentration of 
IL-5 was determined in the case of drug re-
sistance TB. An increase in the concentration 
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of IL-5 in the blood correlated with basal hy-
persecretion of IL-4 mononuclear leukocytes 
in vitro (r = 0.88, p < 0.05 and r = 0.74, p < 
0.05 in infiltrative and disseminated TB, re-
spectively) (Table 6). 

In all patients with TB, a statistically signif-

icant increase in the relative number of CD20+ 
B-lymphocytes in the blood was identified. At 
the same time, their absolute content was in-
creased only in patients with infiltrative and 
disseminated TB accompanied by eosinophilia 
(Table 7). 

T a b l e  6

IL-5 concentration in the serum of pulmonary tuberculosis patients (pg/ml), Me (Q
1
–Q

3
)

Healthy donors
7,99 

(7,56–19,44)

Pulmonary tuberculosis patients (TB) With drug-sensitive TB With drug-resistant TB

With blood 
eosinophilia 

infiltrative
65,66 (51,43–72,28)

р
1 
< 0,05

64,49 (48,12–69,41)
р

1 
< 0,05

disseminated
54,02 (37,93–62,06)

р
1 
< 0,05

71,52 (56,73–77,32)
р

1, 4 
< 0,05

Without blood 
eosinophilia

infiltrative
11,32 (9,40–13,54)

р
2 
< 0,05

9,15 (7,11–10,05)
р

2 
< 0,05

disseminated
10,94 (7,76–11,49)

р
2 
< 0,05

11,46 (10,06–21,30)
р

2 
< 0,05

Т а б л и ц а  7 
T a b l e  7

Number of CD20+ В lymphocytes in the blood in pulmonary tunerculosis patients, Me (Q
1
–Q

3
)

Groups of enrolled patients 

Healthy donors
% 7,13 ± 3,07

×109 0,13 ± 0,01

Groups of enrolled patients With drug-sensitive TB With drug-resistant TB

With blood 
eosinophilia 

infiltrative

%
17,34 ± 3,00

р
1 
< 0,05

18,01 ± 2,42
р

1 
< 0,05

×109 0,61 ± 0,02
р

1 
< 0,05

0,68 ± 0,01
р

1
<0,05

disseminated

%
22,85 ± 6,29
р

1,3 
< 0,05

23,03 ± 6,54
р

1, 3 
< 0,05

×109 0,55 ± 0,07
р

1
< 0,05

0,52 ± 0,08
р

1
<0,05

Without  blood 
eosinophilia 

infiltrative

%
20,00 ± 1,16

р
1 
< 0,05 

19,84 ± 1,99
р

1 
< 0,05

×109 0,20 ± 0,05
р

2 
< 0,05

0,23 ± 0,06
р

2 
< 0,05

disseminated

%
21,03 ± 1,92

р
1 
< 0,05

19,93 ± 3,17
р

1 
< 0,05

×109 0,19 ± 0,11
р

2 
< 0,05

0,17 ± 0,10
р

2 
< 0,05

It is believed that B-lymphocytes play an im-
portant role in the realization of antitubercu-
lous immunity due to the synthesis of antibodies 
that neutralize toxins, opsonize mycobacteria, 
participate in the mechanisms of antibody-de-

pendent cellular cytotoxicity, etc. However, the 
humoral immune response in case of tuberculo-
sis infection has no protective significance, and 
its activation can contribute to progressive dis-
semination of the pathogen [25]. 
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The established increase in the absolute 
number of CD20+ B-lymphocytes in the blood 
in patients with TB with eosinophilia, on the 
one hand, may represent a cause of hyperpro-
duction of the mediators of the humoral link 
of the immune system by eosinophilic granulo-
cytes, and on the other hand – its consequence. 

CONCLUSION

In TB patients with eosinophilia, the num-
ber of immunosuppressive CD4+CD25+Foxр3+ 
Tregs in the blood is increased. The high re-
activity of blood Treg lymphocytes in patients 
with TB with eosinophilia, regardless of the 
drug sensitivity of the causative agent, is in-
dicated by the high level of in vitro secretion 
of inhibitory cytokines IL-10 (BCG-induced 
in patients with infiltrative and disseminated 
TB) and TGFβ (basal and BCG-induced in pa-
tients with disseminated TB). In patients with 
TB without eosinophilia, the level of secretion 
of immunosuppressive cytokines is within or 
below the norm.

The immunomodulatory effect of eosino-
philia of blood in TB is confirmed by the fact 
that the activation of suppressor cells in pa-
tients with eosinophilia is combined with an 
increase in the production of IL-4 by mono-
nuclear leukocytes in vitro and an increase in 
IL-5 and CD20+ B-lymphocytes in the blood, 
which represents a reflection of immune devia-
tion towards the immune Th2 response. In gen-
eral, its manifestations are most pronounced in 
disseminated TB in combination with the drug 
resistance of the causative agent and eosino-
philia of the blood.
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����������������������������������������������������������������Micobacterium�tuberculosis������-

�����������������������������������������.

Материалы и методы.�������������157�������������������������������������������������������-

�������������.�������������������������������������������������������������������������������-

�����,�����������������������������.���������������������������������������������������������

�������������(IL)�4,�IL-10����������������������������������(TGFβ)�������������������������������

������������������������������������in vitro���IL-5��������.�����������������������������������-

������CD4,�CD20,�CD25����������������������������������������������Foxp3��������������������

������������������ ���������� ����������.������������ ����������� �������������� ����������������

��������.

Результаты. ��������,�����������������������������������������������������-���������������������

������������������������������������������������������������������������.�����������������������

�����������������������Foxp3-�������������������������-�������������������������������������������

in vitro���������������������������������TGFβ,�IL-10,�IL-4�������������������������CD20+��-���-

����������IL-5��������.���������������������������������������������������������������������-

������������������������������������������������������������������.

Заключение.����������������������������������������������������������������������������������-

���������������������������������������������������������������������Th2-���������������.�

Ключевые слова: �����������������,���������������������������,���������������-������,�����-

�������.

������������������

Авторы декларируют отсутствие явных и 

потенциальных конфликтов интересов, связанных с 

публикацией настоящей статьи. 

�������������

Уразова О.И., Чурина Е.Г., Колобовникова Ю.В. – 

разработка концепции и дизайна исследования, анализ и 

интерпретация данных, написание статьи. Новицкий В.В., 

Караулов А.В. – проверка критически важного интеллек-



179

��������������������

туального содержания, окончательное утверждение для 

публикации рукописи. Никулина Е.Л. – проведение лабо-

раторных исследований, анализ данных. Полетика В.С. –  

оригинальный перевод текста статьи.

������������������������

Исследование выполнено при финансовой под-

держке Совета по грантам Президента Российской 

Федерации для государственной поддержки молодых 

российских ученых (МД-842.2017.7 «Роль галектинов в 

патогенезе рака желудка и толстой кишки с опухоле-

ассоциированной ýозинофилией», руководитель – д-р 

мед. наук Ю.В. Колобовникова) и ведущих научных 

школ (НШ-2690.2018.7 «Молекулярные факторы дизре-

гуляции гомеостаза иммунокомпетентных клеток крови 

при социально значимых заболеваниях» (руководитель 

– д-р мед. наук, профессор, член-корреспондент РАН  

О.И. Уразова).

����������������������������

Исследования одобрены локальным ýтическим 

комитетом СибГМУ (протокол  № 26 от 15.11.2010 г.).

Поступила в редакцию  10.05.2018
Подписана в печать  15.05.2018

Уразова Ольга Ивановна, д-р мед. наук, профессор, член-корр. РАН, зав. кафедрой патофизиологии, СибГМУ,  
г. Томск. 

Чурина Елена Георгиевна, д-р мед. наук, профессор, кафедра патофизиологии, СибГМУ; профессор, кафедра орга-
нической химии, вед. науч. сотрудник, лаборатория трансляционной клеточной и молекулярной биомедицины, НИ ТГУ, 
г. Томск. 

Колобовникова Юлия Владимировна, д-р мед. наук, профессор, кафедра патофизиологии, СибГМУ, г. Томск. 
Новицкий Вячеслав Викторович, д-р мед. наук, профессор, академик РАН, заслуженный деятель науки Российской 

Федерации, кафедра патофизиологии, СибГМУ, г. Томск. 
Караулов Александр Викторович, д-р мед. наук, профессор, академик РАН, заслуженный деятель науки Российской 

Федерации, зав. кафедрой клинической иммунологии и аллергологии, Первый МГМУ им. И.М. Сеченова, г. Москва. 
Никулина Евгения Леонидовна, канд. мед. наук, ассистент, кафедра патофизиологии, СибГМУ, г. Томск. 
Полетика Вадим Сергеевич, ассистент, кафедра патофизиологии, СибГМУ, г. Томск.

(*)  Чурина Елена Георгиевна, e-mail: lena1236@yandex.ru. 


