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Proinflammatory cytokines are known to play a crucial role in the pathogenesis of tuberculosis, and gene
polymorphisms in the promoter regions of cytokine genes were shown to substantially influence the secretory
capacity of immune cells. In the present study, we analyzed the association between polymorphisms of the
IL12B, IL18, and IL27 genes and the secretion of the proinflammatory cytokines IL-12p70, IL-18, and IL-27 by
myeloid dendritic cells (mDCs) in pulmonary tuberculosis (PTB) patients. The study enrolled 334 patients with
newly diagnosed infiltrative and disseminated PTB. Cultivation of mDCs was performed from non-proliferating
progenitors of CD14 " blood monocytes. Cytokine secretion was evaluated by measuring cytokine concentration
in the mDC culture supernatants using enzyme-linked immunosorbent essay (ELISA). To study cytokine gene
polymorphisms, a polymerase chain reaction (PCR) and restriction fragment length polymorphism analysis
(RFLP) were performed. Reduced secretion of IL-18 and IL-27 by mDCs in PTB patients was associated with
105A/C polymorphisms of the IL18 gene, and 2905T/G, 4730T/C, and —964A/G of the IL27 gene, respectively.
Polymorphism IL12B/insertion had a bidirectional influence on the secretion of IL-12p70, being associated with

decreased levels of the cytokine in infiltrative PTB and increased levels in disseminated PTB patients.

1. Introduction

Tuberculosis (TB) is a multifactorial disease that develops as a result
of the interaction of a multitude of genes, many of which are involved
in the regulation of immune response. Polymorphisms in such genes
may substantially influence the degree of host resistance to myco-
bacterial infection, as well as the severity and duration of the disease.
Thus, a number of studies have shown the association of cytokine gene
polymorphisms with susceptibility to tuberculosis infection [1-4].

Most individuals infected with Mycobacterium tuberculosis (MBT)
develop a full-fledged immune response involving realization of innate
and adaptive mechanisms, and only in 3-5% patients the immune re-
sponse against tuberculosis infection turns out to be ineffective, re-
sulting in the reactivation of a latent infection and the development of
active forms of TB. An initiation of adequate anti-tuberculosis immune
response relies heavily on the activity of dendritic cells (DCs), specia-
lized antigen-presenting leukocytes that present Mtb antigen to naive

CD4 " T-lymphocytes during the primary invasion of the pathogen into
the host organism [5-7].

It is generally accepted that DC represent a crucial link between the
innate and adaptive immunity, since they are responsible for the acti-
vation of antigen-specific immune response, and are critically involved
in whether T cell anergy or an active immune response to an antigen
will be induced [8,9]. Moreover, it was shown that in the context of
anti-tuberculous immune response, an adequate secretion of proin-
flammatory cytokines by activated DCs is necessary for the activation of
naive T-lymphocytes and their subsequent differentiation into T helper
cells type 1 (Th1), while a reduced secretion of these cytokines might
diminish the host immune defense against Mtb [8,9]. At the same time,
whether the pattern of DC-derived cytokine secretion in PTB is ge-
netically predetermined, or arises as a consequence of the immune
system dysregulation induced by the causative agent, remains to be
fully elucidated [10,11].

Since the exon sequences of cytokine genes are very conservative,
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and given the central role of promoter regions in the regulation of gene
expression, the aim of the study was to investigate the association of
polymorphisms of promoter regions of cytokine genes IL12B, IL18, and
IL27 with the mDC-derived cytokine secretion in patients with pul-
monary tuberculosis.

2. Materials and methods
2.1. Study population

The study population included 334 patients (220 men and 114
women) aged 23-50 (average age 43,10 = 10) with newly diagnosed
TB attending the Tomsk Phthisiopulmonological Medical Center. The
PTB diagnosis was confirmed based on a culture and/or smear positive
for Mtb, and clinical and radiographic presentation consistent with PTB.
All participants were examined prior to specific anti-tuberculous che-
motherapy. Enrolled patients were classified into two groups according
to the clinical form of the disease: 177 with infiltrative TB and 157 with
disseminated TB. Individuals with the following conditions were ex-
cluded from the study: 1) cancer, diabetes mellitus, bronchial asthma,
autoimmune and allergic diseases, hepatitis virus infection, human
immunodeficiency virus; 2) treatment with anti-tuberculosis drugs and
immunosuppressive drugs. Also enrolled were 183 healthy controls
aged 23-50 (130 men and 53 women) without active TB, without his-
tory of TB and matched with cases by gender and age (average age
41.31 *+ 7.47). Written informed consent was obtained from each
subject.

2.2. Cultivation of dendritic cells

The mDCs were cultured from non-proliferating progenitors of
CD14 *blood monocytes. The whole venous blood collected from TB
patients was used to isolate mononuclear cells by gradient centrifuga-
tion at 1500rpm for 20min using ficoll urografin gradient
(p = 1.077 g/sm?; PanEco, Russia). Then, the monocytes were isolated
from the acquired mononuclear cell suspension by gradient cen-
trifugation at 4000 rpm for 45 min using standard isotonic Percoll so-
lution. An expression of CD14 receptors on monocytes was evaluated
via flow cytometry using CD14-PE monoclonal antibodies according to
the manufacturer's protocol (BD Pharmingen™, USA).

Cultivation of mDCs from acquired suspension of blood monocytes
was performed as previously described [12]. The 1 X 10° cell suspen-
sion containing monocytes was added to each well of the 24-well flat-
bottomed plate in combination with 1 ml of complete nutrient medium.
The plates with cell suspension were then placed in a CO, incubator for
1 hat 37 °C and 5% CO,, and then the complete nutrient medium was
re-added to the suspension in the same amount, along with 20 ng/ml of
GM-CSF and IL-4 (Sigma, USA). On the third day of incubation, 75% of
the medium was removed and an equal amount of the complete culture
medium with recombinant cytokines was added to the suspension.

After two to three days of monocytes stimulation with GM-CSF and
IL-4 in the culture medium, immature round mDCs with abundant
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cytoplasm and poorly developed dendrocytes were identified in the cell
culture (Fig. 1a). On the fifth day of incubation, the nutrient medium
was renewed, and 5ng/ml of lipopolysaccharide (Sigma, USA) was
added. On the seventh day of incubation, the phenotype of mature
mDCs (Fig. 1b) and the concentration of cytokines in the supernatants
were evaluated. The viability of mDCs was examined by the combined
staining with annexinV-FITC (Beckman Coulter, USA) and intranuclear
vital dye 7-AAD (7 amino-actinomycin) (BDPharmingen, USA) using
FACSCanto™ II flow cytometer (BD, USA) The viable population of
mDCs generated under in vitro conditions on the seventh day of culti-
vation varied between 83 and 89%. The phenotype of obtained DCs was
studied using flow cytometry. Cells were stained with fluorochrome-
labeled monoclonal antibodies to CD 209, TLR-2, HLA-DR, CD80, and
CD86 («eBioscience», USA) and analyzed on FACSCanto™ II flow cyt-
ometer («BD», USA) (Suppl. 1: Fig. 1-1 - 1-3).

2.3. Evaluation of cytokine levels in supernatants of culture suspensions of
dendritic cells generated in vitro from blood monocytes

To measure the concentrations of IL-18, IL-12p70, and IL-27 in su-
pernatants of mDC culture suspensions, an enzyme-linked im-
munosorbent assay (ELISA) was performed according to manufacturer's
recommendations (for IL-18 and IL-12p70 - Bender MedSystems,
Austria; for IL-27 — eBioscience, USA). The optical density of the plate
well content was registered using photometer analyzer Multiscan EX
(Finland) at the 450 nm wave length. The concentrations of cytokines
(pg/ml) were calculated on the basis of the calibration curve.

2.4. DNA extraction and cytokine gene polymorphism genotyping

DNA was isolated from 20 ml of the whole venous blood using the
phenol-chloroform method according to the manufacturer's instructions
(InterLabService, Russia).

The samples of extracted DNA were typed for the following single
nucleotide polymorphisms (SNPs): IL12B gene polymorphism (IL12B/
insertion); IL18 gene polymorphism 105C/A (rs549908); IL27 gene
polymorphisms 2905T/G (rs17855750), 4730T/C (rs181206), and
—964A/G (rs153109) (Table 1).

The SNPs were selected using the Online Mendelian Inheritance in
Man database (OMIM) and the database of the National Center for
Biotechnological Information. DNA amplification was performed via
polymerase chain reaction (PCR) on the Tercik MC2 amplifier (DNA-
technology, Russia). The identification of chosen cytokine genes poly-
morphisms was performed via PCR and restriction fragment length
polymorphism (RFLP) analysis according to manufacturer's re-
commendations (Syntol, Russia; Sibenzyme, Russia; New England
Biolabs, UK). The structure of primers, temperature of anneal, restric-
tion enzymes, and lengths of hydrolysis fragments are presented in
Table 1 [13-16].

Amplification products were separated in 1% agarose gel. For RFLP
analysis, amplification products were cleaved by endonucleases
(Table 1). The products of restriction were separated with

Fig. 1. Generation of dendritic cells from blood
monocytes ( X 250 magnification) in vitro: a — im-
mature dendritic cells in complete growth medium
on the third day of cultivation; b — mature dendritic
cells in complete nutrient medium on the sixth day
of cultivation. The analysis of the cell population
was performed via FACS analysis using
FACSCanto™ II flow cytometer (BD, USA).
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Table 1
Primer sequences and conditions of detection of cytokine gene polymorphisms.
Gene Mutation (method) Primers, 5-3’ Annealing t, °C Restriction enzyme Fragments
IL12B IL12B/insertion (PCR) TGGATTGTGAAGTGGGACAT 55 - a, no insertion: 158 bp A, insertion: 162 bp
TAATGTGGTCATTGGCAGGT
IL18 rs549908 (RFLP) CCTCTACAGTCAGAATCAGT 50 Tagql A: 148 bp
TGTTTATTGTAGAAAACCTGGAATT C: 123 + 25 bp
127 1517855750 (RFLP) ATCTCGCCAGGAAGCTGCGC 67 BstUI T: 120 bp
CTGTTAGTGGGGGCCAGAAGGGA G: 100 + 20 bp
rs181206 (RFLP) GCTTCAGCCCTTCCATGCCC 62 Mspl T: 132 bp
TCTACCTGGAAGCGGAGGTGCC C: 111 + 21 bp
rs153109 (RFLP) CTGATCCTGACCTCACTCAACGC 61 BstUI A: 468 bp
CTGACTGGGACTGGGACTCAGC G: 343 + 125 bp
Note: PCR - polymerase chain reaction, RFLP - restriction fragment length polymorphism.
electrophoresis in 8% polyacrylamide gel at 200V for 2h and visua- %
D
lized in the ultraviolet spectrum (Suppl. 2: Fig. 2-1 — 2-4). The pUC19 = 5
plasmid cleaved by MspI restrictase («Sibenzympy, Russia) was used as a =
marker of DNA length. The lengths of hydrolysis fragment are presented 45
in Table 1. ]
40
2.5. Statistical analysis
35 ]
To assess the normality of the distribution of sample data, the
Kolmogorov-Smirnov test was performed. Since the quantitative char- 30 L —
acteristics in the comparison groups did not have a normal distribution, »s
the non-parametric Mann-Whitney test for comparison of independent L
samples was used. For all quantitative characteristics in the compared 20
groups, the median and the 25% and 75% quartiles were calculated. [j
The genotype distribution of each SNP was analyzed for Hardy- 15
Weinberg equilibrium. In the healthy controls, all genotypic frequencies — Median
were in Hardy-Weinberg equilibrium. To compare the allele frequencies 10 1 25%-75%
. . L AAHD ACHD CCHD  AHD CHD T Min-Max
between the groups, the 2 test with Yates correction for continuity was AADTB  ACDTB CCDTB ADTB  CDTB

used. The association of polymorphisms with the PTB was concluded
based on the value of odds ratio (OR) with the calculation of 95%
confidence interval. An OR < 1 was considered as a negative associa-
tion, and OR > 1 was considered as a positive association between the
evaluated parameters. Results were considered significant when
P < 0.05.

3. Results

3.1. Association of IL18 105 A/C polymorphism with IL-18 secretion by
mDCs in PTB

There was a statistically significant difference in the genotype fre-
quencies of the IL18 105A/C polymorphism between patients with
infiltrative PTB and healthy donors (X2 = 20.53 (p < 0.001)). On the
other hand, in patients with disseminated PTB, the genotype fre-
quencies did not differ significantly compared to control group, but
differed from infiltrative PTB patients (Xz =18.73 (p < 0.001)). There
was also an association of the homozygous CC genotype (OR = 1.50
(0.83-2.70)) and C allele (OR = 1.13 (0.83-1.53)) of the 105A/C
polymorphism with the incidence of disseminated form of PTB.
Additionally, the carriage of homozygous AA genotype (OR = 2.61
(1.70-4.00)) and A allele (OR = 1.75 (1.28-2.39)) of 105A/C poly-
morphism was a predisposing factor of infiltrative PTB (Suppl. 3,
Table 3-1).

In carriers of the C allele and the AC and CC genotypes of the IL18
105 A/C polymorphism with disseminated PTB, the level of mDC-de-
rived secretion of IL-18 was lower (30.2% (p; < 0.05), 29.4%
(p1 < 0.05) and 25% (p; < 0.05), respectively) compared to the
healthy donors (Fig. 2). In patients with infiltrative PTB, regardless of
the carriage of alleles and genotypes of 105A/C polymorphism, the
level of IL-18 secretion (32.56 (16.51-34.54) pg/ml) was comparable to
that in healthy donors.
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Fig. 2. Association between IL-18 secretion by mDCs and IL18 gene poly-
morphism 105A/C in healthy donors and patients with disseminated PTB. Note:
HD - healthy donors, ITB - infiltrative tuberculosis, DTB — disseminated tu-
berculosis. Results are presented as median, lower and upper quartiles. In le-
gend: AA, AC, CC - genotypes of 105A/C polymorphism; A, C — alleles of 105A/
C polymorphism.

3.2. Association of IL12 gene polymorphism IL12B/insertion with IL-12p70
secretion by mDCs in PTB

Genotyping for IL12 polymorphism IL12B/insertion showed that in
patients with infiltrative PTB, there was an increase in the Aa genotype
frequency (x2 =24.35 (p < 0.001)), while in patients with dis-
seminated PTB, the aa genotype was observed more frequently
(x*> =36.49 (p < 0.001)). Heterozygous Aa genotype (OR = 2.08
(1.36-3.20)) and a allele (OR = 1.07 (0.79-1.46)) were associated with
infiltrative PTB, while the homozygous aa genotype (OR = 3.30
(2.11-5.16)) and a allele (OR = 2.91 (2.01-4.21)) were associated with
disseminated PTB (Suppl. 3, Table 3-2).

In patients with infiltrative PTB, IL-12p70 levels in carriers of both
genotypes (Aa and aa) and alleles (A and a) were decreased in com-
parison with healthy donor group. In contrast, in disseminated PTB
patients, level of IL-12p70 secretion was higher than in controls
(p1 < 0.05-0.001) (Fig. 3). Among infiltrative PTB patients carrying
Aa genotype and A allele, concentration of IL-12p70 was significantly
lower compared to the carriers of aa genotype and a allele of the IL12B/
insertion polymorphism (41.2% (Paasaa < 0.05) and 47.1% (pa,
a < 0.001), respectively). In patients with disseminated PTB, however,
an opposite pattern was observed, since the secretion level of IL-12p70
in carriers of the aa genotype and a allele was significantly decreased as
compared to carriers of the Aa genotype and A allele (32.2% (paa,
aa < 0.001; pasa < 0.05)) (Fig. 3).
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Fig. 3. Association between IL-12 secretion by mDCs and IL12B gene poly-
morphism IL12B/insertion in healthy donors and patients with infiltrative and
disseminated PTB. Note: HD - healthy donors, ITB - infiltrative tuberculosis,
DTB - disseminated tuberculosis. Results are presented as median, lower and
upper quartiles. In legend: Aa, aa. — genotypes of IL12B/insertion poly-
morphism; A, a. — alleles of IL12B/insertion polymorphism.

3.3. Association of IL27 2905 T/G, 4730T/C and —964A/G
polymorphisms with IL-27 secretion by mDCs in TB

Analysis of the allele frequency distribution of IL27 2905T/G
polymorphism revealed a high incidence of carriers of the homozygous
TT genotype among patients with infiltrative and disseminated PTB
(x* = 165.55 and > = 188.76 (p < 0.001), respectively). The TT
genotype and the T allele of the polymorphism were associated with the
incidence of both infiltrative (OR = 27.14 (15.47-47.62) and
OR =11.25 (7.53-16.81)) and disseminated PTB (OR = 52.09
(26.55-102.22) and OR = 18.72 (11.38-30.79)) (Suppl. 3, Table 3-3).

IL-27 2905T/G polymorphism was associated with a decrease in
mDCs-derived IL-27 secretion in comparison with control group in both
infiltrative and disseminated PTB patients, regardless of alleles and
genotypes (p; < 0.001). At the same time, no statistically significant
difference was observed between infiltrative and disseminated PTB
patients with different alleles and genotypes of the 2905T/G poly-
morphism. (Fig. 4).

The frequency spectrum of the genotypes of the IL27 4730T/C
polymorphism in patients with infiltrative PTB had statistically sig-
nificant differences both compared to the control group (x> = 39.06
(p < 0.001)) and to patients with disseminated PTB (xz = 28.59
(p < 0.001)). Carriers of the CC genotype were significantly more
frequent among patients with infiltrative PTB, and this genotype was
reliably associated with the infiltrative form of PTB (OR = 3.48
(2.19-5.55)) while no association with disseminated PTB was identified
(Suppl. 3, Table 3-3). The analysis of genotypes and alleles frequencies
of the IL27 gene polymorphism —964A/G revealed no significant dif-
ference between patients with infiltrative and disseminated PTB.
However, in patients with infiltrative PTB, the distribution of the gen-
otypes of the polymorphism was different from that of healthy donors
(X2 = 9.53 (p = 0.009)). Additionally, the association of the GG gen-
otype of —964A/G polymorphism with the development of infiltrative
PTB (OR = 1.65 (1.05-2.59)) was identified (Suppl. 3, Table 3-3).

The level of mDC-derived IL-27 secretion in patients with infiltrative
PTB, regardless of the genotypes and alleles of the IL27 gene poly-
morphisms 4730T/C and —964A/G, was lower (p; < (0.05-0.001))
than in the control group (Figs. 5 and 6). At the same time, secretion of
IL-27 by mDCs in carriers of the CC genotype and the C allele of 4730T/
C polymorphism, as well as the GG genotype of —964A/G
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Fig. 4. Association between IL-27 secretion by mDCs and IL27 gene poly-
morphism 2905T/G in healthy donors and patients with infiltrative and dis-
seminated PTB. Note: HD — healthy donors, ITB - infiltrative tuberculosis, DTB
— disseminated tuberculosis. Results are presented as median, lower and upper
quartiles. In legend: TT, TG, GG - genotypes of 2905T/G polymorphism; T, G —
alleles of 2905T/G polymorphism.
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Fig. 5. Association between IL-27 secretion by mDCs and IL27 gene poly-
morphism 4730T/C in healthy donors and patients with infiltrative PTB. Note:
HD - healthy donors, ITB - infiltrative tuberculosis, DTB — disseminated tu-
berculosis. Results are presented as median, lower and upper quartiles. In le-
gend: TT, TC, CC - genotypes of 4730T/C polymorphism; T, C — alleles of
4730T/C polymorphism.

polymorphism was significantly decreased (4730T/C: prr/cc < 0,05
and pr/c < 0,05; -964A/G: paacc < 0,05) as compared to other al-
leles and genotypes (Figs. 5 and 6).

4. Discussion

One of the key mechanisms underlying an immunoregulatory
function of DCs is their ability to produce pro-inflammatory cytokines,
thereby creating a particular cytokine environment in an inflammatory
site and significantly influencing the pathway of an immune response.
Thus, the differentiation of naive T cells into Th1 lymphocytes, which is
particularly important for a successful anti-tuberculosis immune re-
sponse, requires the presence of the IL-12 family cytokines IL-12, IL-23,
and IL-27, which are produced mainly by DCs. Another pro-in-
flammatory cytokine, IL-18, works in synergy with IL-12 by enhancing
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Fig. 6. Association between IL-27 secretion by mDCs and IL27 gene poly-
morphism —964A/G in healthy donors and patients with infiltrative PTB. Note:
HD - healthy donors, ITB - infiltrative tuberculosis, DTB — disseminated tu-
berculosis. Results are presented as median, lower and upper quartiles. In le-
gend: AA, AG, GG - genotypes of —964A/G polymorphism; A, G — alleles of
—964A/G polymorphism.

its promoting effect on the IFNy secretion by innate immune cells and T
lymphocytes [17]. At the same time, it was shown that in the absence of
IL-12, IL-18 induces the production of IFNy-antagonist IL-4, thereby
favoring the development of Th2 immune response [17]. In our study,
the C allele and CC genotype of the IL18 105 A/C polymorphism was
associated with considerable reduction of IL-18 secretion by mDCs in
patients with disseminated PTB compared to control individuals
(Fig. 2), suggesting a predisposing role of this polymorphism in the
development of the disseminated form of PTB.

Similar to IL-18, IL-12 is predominantly produced by antigen-pre-
senting cells, namely dendritic cells and macrophages. A number of
studies investigated an association between IL-12B gene polymorphisms
and secretion of IL-12 by immune cells, as well as an overall suscept-
ibility to TB [18,19]. P. Selvaraj and colleagues showed that among
healthy individuals, the level of IL-12p40 was significantly lower in
carriers of the AA genotype of the IL12B gene polymorphism (+1188)
as compared to the carriers of the AC genotype. Moreover, in TB pa-
tients the CC genotype of the IL12B gene polymorphism (+1188) was
associated with an increase in IL-12p40 levels in PBMC culture super-
natants compared to the carriers of other alleles and genotypes [20],
which further indicates an important role of hereditary factors in the
dysregulation of adaptive immunity against Mtb.

IL-12 has a heterodimeric structure, and its functional activity is
associated primarily with the p40 subunit [21], which hyperproduction
(2-3 times higher compared to IL-12p70 production) is considered to be
a sign of an active immune response. At the same time, an excessive
level of IL-12p40 secretion may result in the formation of inactive p40-
p40 homodimers, which act as active antagonists of heterodimeric IL-
12p70 by blocking IL-12 cell receptors [9,21]. In the present study we
mainly focused on studying IL-12p70 production, since, compared IL-
12p40, IL-12 secretion has a more inducible nature and is activated in
response to antigen stimulation. Moreover, in contrast to other avail-
able studies, we evaluated the secretion of IL-12 by differentiated DCs
(as opposed to PBMC cultures) in different clinical forms of PTB.

The changes in the secretion of IL-12p70 by mDCs in TB patients
were multidirectional. It was found that in patients with infiltrative
PTB, both genotypes (Aa and aa) and alleles (A and a) of the IL-12B
gene polymorphism (IL12B/insertion) were associated with decreased
level of IL-12p70 compared to control group. In contrast, in dis-
seminated PTB patients carrying the same alleles and genotypes of the
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polymorphism, IL-12p70 secretion level was higher in comparison with
that of healthy donors (Fig. 3). On one hand, this indicates the asso-
ciation of the IL12B gene polymorphism (IL12B/insertion) with the IL-
12p70 secretion variability in PTB and supports its predisposing role in
the development of both infiltrative (in case of the Aa genotype) and
disseminated (in case of the aa genotype) PTB. On the other, this data
suggests a connection between the pattern of mDC-derived IL-12p70
secretion and the development of a particular clinical form of PTB.
Furthermore, it is evident that in patients with infiltrative TB, a de-
crease in the production of IL-12p70 by mDCs combined with persistent
secretion of IL-18 might lead to an unfavorable outcome of the disease
in the case of predominance of Th2 immune response [4].

Mtb is capable of inhibiting the cytokine-secretory activity of den-
dritic cells, thereby promoting the suppression of the antigen-specific
immune response of CD4 " T cells and shifting the balance towards the
Th2 and Treg pathways [22-24]. Apparently, an increase in the mDC-
derived IL-12 secretion in association with a genetically determined
reduction of IL-18 secretion in patients with disseminated TB is either
defined solely by the genetic predisposition, or has a compensatory
epigenetic nature, for instance, due to the massive bacteremia that
often accompanies the course of this clinical form of PTB. Madan-Lala
et al. (2014) showed that the mutant strain hip 1 of Mtb induced in-
creased levels of secretion of the key Thl-inducing cytokine IL-12 as
well as other pro-inflammatory cytokines (IL-23, IL-6, TNFa, and IL-1f)
in DC culture via an activation of MyD88-and TLR2/9-dependent sig-
naling pathways [25].

The results of ELISA showed that in patients with infiltrative PTB,
the secretion of IL-27, a known synergist of IL-12 and a member of the
IL-12 cytokine family, was lower than in healthy donors, regardless of
genotypes and alleles of the IL27 4730 T/C and 964A/G polymorph-
isms. Minimal levels of IL-27 secretion were associated with homo-
zygous CC genotype of 4730T/C polymorphism and GG genotype of
—964A/G polymorphism, which allows us to speculate on the possible
predisposing role of these polymorphisms in the development of in-
filtrative PTB (Figs. 5 and 6). In addition, a reduced secretion of IL-27
was identified in carriers of the IL27 2905 T/G polymorphism with both
infiltrative and disseminated PTB. At the same time, there was no as-
sociation between secretion of IL-27 and allele and genotype frequency
spectrum of 2905T/G polymorphism, which, however, does not entirely
disprove the predisposing role the T allele and the TT genotype of this
polymorphism in the development of both infiltrative and disseminated
TB (Fig. 4).

The primary effect of IL-27 revolves around promotion of CD4* T
cells differentiation into Thl cells. However, IL-27 was also shown to
act as a suppressive factor, since its structural subunit Ebi 3 is a target
for the key transcription factor of regulatory T cells, Foxp3 [17,26]. In
addition, IL-27, in contrast to IL-12, can enhance proliferation of not
only activated, but also naive CD4* T cells [17,27,28]. It is possible
that the observed imbalance of cytokine secretion by mDCs in PTB
patients is due to the ability of cytokines from the same family to re-
plicate each other's function. Apparently, in the deficit of IL-27, its
biological functions are substituted by IL-12. Moreover, we can spec-
ulate that a decrease in the secretion of IL-18 in disseminated PTB
constitutes a negative factor in the pathogenesis of this clinical form of
tuberculosis, because, as indicated above, IL-18 is able to synergize
with IL-12 to promote the secretion of IFNy, a key mediator of anti-
tuberculous immunity. Thus, the polymorphism IL12B/insertion is as-
sociated with an intact secretion of IL-12 by mDCs and therefore re-
presents a favorable factor in the pathogenesis of disseminated PTB.

Despite a substantial amount of research, the role of cytokine gene
polymorphisms in the pathogenesis of pulmonary tuberculosis still re-
mains to be fully elucidated and therefore represents a relevant issue in
the context of anti-tuberculosis immunity studies. Thus, E. Peresi et al.
(2013) investigated and influence of IFNG, IL12B, TNF, IL17A, IL10 and
TGFB1 gene polymorphisms on the immune response in TB patients
receiving anti-tuberculosis treatment. The authors showed that the
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polymorphisms IFNG + 874T/A, IFNG +2109A/G, IL12B + 1188 A/C,
IL10 -819C/T and TGFB1 +21C/T were associated with the changes in
the secretion of corresponding cytokines and therefore might be sub-
stantially involved in the development of immune response against Mtb
by modulating cytokine secretion, especially against the background of
tuberculosis treatment [29]. In contrast, in the present study the cyto-
kine-secretory capacity of DCs was investigated prior to administration
of anti-tuberculosis drugs, since they are known to exert a prominent
immunosuppressive effect. In another study, Y. Hu and colleagues de-
monstrated a positive association between the IFNG gene poly-
morphism (—874) and the active form of tuberculosis infection, whilst
the IL-10 gene polymorphism was associated with latent infection [30].
Together, these data, along with the results of the present study, further
substantiate an important role of cytokine gene polymorphisms in the
etiology and pathogenesis of tuberculosis.

5. Conclusions

In patients with PTB, the deficit of IL-18 secretion by mDCs was
associated with the IL18 105 A/C polymorphism in disseminated clin-
ical form of the disease. IL-27 secretion deficit was in turn associated
with polymorphisms of the IL27 gene: 4730T/C and —964A/G in in-
filtrative PTB and 2905T/G in both clinical forms of the disease. At the
same time, secretion level of IL-12p70 in carriers of both genotypes (Aa
and aa) and alleles (A and a) of the polymorphism IL12B/insertion with
infiltrative PTB was lower than in the control group, while in patients
with disseminated PTB it was higher in comparison with that of healthy
donors. This indicates not only the modulating effect of the IL12B gene
polymorphism towards the mDC-derived secretion of IL-12p70, but also
its association with the development of a particular clinical form of
PTB. The Aa genotype of the polymorphism IL12B/insertion of the
IL12B gene; CC genotype of the 4730T/C polymorphism and GG gen-
otype of 964A/G polymorphism of the IL27 gene, predispose to the
development of infiltrative PTB.

In turn, predisposition to the development of disseminated TB is
associated with the C allele and CC genotype of the IL1I8 105A/C
polymorphism, as well as a allele and aa genotype of the polymorphism
IL12B/insertion. The T allele and TT genotype of the IL27 2905 T/G
polymorphism predisposes to the development of both clinical forms of
the disease in association with the pronounced reduction of IL-27 se-
cretion by mDCs.
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