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ABSTRACT

Aim. To study the parameters of the matrix metalloproteinase (MMP) / tissue inhibitors of metalloproteinase
(TIMP) system in assessing the clinical course of pulmonary tuberculoma.

Materials and methods. We examined 87 patients (55 men and 32 women), average age 33 [28; 43] years,
with a morphologically and bacteriologically confirmed diagnosis of tuberculoma, who received treatment at
St. Petersburg Research Institute of Phthisiopulmonology. In all patients, computed tomography of the chest,
fiberoptic bronchoscopy, and lung function tests were performed. In the blood serum, concentrations of MMP-1,
-8, -9, and their tissue inhibitor TIMP-1 were determined using ELISA (R&D Systems, USA), and the activity of
a,-macroglobulin (MG) was determined by the enzyme assays. For statistical data processing, Statistica 10.0 and
R were used.

Results. In the study group, single and multiple tuberculomas were revealed in 37 and 63% of cases, respectively,
necrotic areas — in 50% of patients, external respiration disorders — in 48% of cases, and catarrhal bronchitis
(CB) — in 77% of cases. Tobacco smokers (TS) were identified in 69% of cases. Significant differences between
MMP concentrations allowed us to distinguish four patterns from the characteristics adopted for the clinical and
radiological assessment of disease intensity. It was shown that an increase in the levels of MMP-1 and MMP-9
can be a predictor of tuberculoma progression caused by a diffuse process with necrotic areas and bronchogenic
dissemination (pattern 1, 2). Changes in the levels of MMP-8, TIMP-1 or MG (pattern 3, 4) were associated with
permanent exposure to a non-specific component of inflammation (TS or CB).

Conclusion. Changes in the MMP / TIMP system parameters can be used as objective laboratory protein biomarkers
to assess the clinical course of pulmonary tuberculoma.

Keywords: extracellular matrix, matrix metalloproteinases, tissue inhibitors of metalloproteinases, pulmonary
tuberculoma
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PE3IOME

Heab. M3yunth BO3MOXHOCTH HCIIOJIb30BAHUS IOKa3aTeNeil CHCTEMBl «MAaTPUKCHBIE METAJUIONPOTEHHA3bI
(MMII) / uaruburopsl nepudepruueckoil KPOBMU» B OLICHKE KIIMHUYECKOTO TEUSHHUS TyOepKyJIeMbI JIETKOTO.

Marepunannl u MeToabl. O6cienoBanbl 87 00MbHBIX (55 Myx4rMH U 32 KEHIMHBI), CpenHUi Bo3pacT 33 [28;
43] ropa, ¢ 6aKTepUOIOrHYecKr 1 MOP(HOIOrHIecKH Bepr(pHLIUPOBAHHBIM JHAarHO30M «TYOepKyJieMay, HaXOHB-
mxcs Ha nedeHnd B PI'BY «CII6 HUN®d» Munsapasa Poccun. BeeMm nanueHTaM BBITOJHEHBI KOMITBIOTEPHAS
ToMorpadusi OpraHoB TpyIHOH KieTkH, GrUOpoOpOoHXOCKONMS U OleHKa (GyHKIWK BHenHero apixanus (OBJ).
B criBopoTke kpoBu onpexensui koHneHtpaunn MMII-1, -8, -9 u ux tkaneBoro uaruouropa TUMII-1 meTtomom
ELISA (R&D Systems, CIIIA), a Takxke akTUBHOCTb 02-MakporioOynuHa (MI') sH3MMaTHUECKUM METOJOM IO
TOPMOXKEHUIO rHaposu3a N-OeH30mi-L-aprunuHaTiioBoro ¢upa. [Ipumensitu Statistica 10.0 u R.

Pe3yasTatsl. B nccnemyemoii rpymnme eqMHUYHBIE 1 MHOXKECTBEHHBIC TyOepKyJieMbl onpexneneHsl B 37 u 63%
ClTy4aeB COOTBETCTBEHHO, HaNIM4IHe pacnana — B 50%, Hapymernust ®BJI — B 48% n HecrienuduIecKue mopaxeHus
TpaxeoOpOHXHAIBHOTO JiepeBa B B KartapanbHoro san00ponxura (K9b) — B 77% ciydaes. TabakokypHiabu-
ku (TK) BorsaBiens: B 69% ciydaeB. BeigeneHno geTsipe KoMOMHANMY (MIATTEpHA) U3 XapaKTEPHCTHK, MPUHATHIX
JUTSL KJIIMHUKO-PEHTTCHOJIOTNIECKOH OLCHKN aKTUBHOCTH CIEIH(HUECKOro IPOIecca, COOTBETCTBYIONIHE Pa3Ind-
HOH cTereHH noBbIIeHHs KoHeHTpanuii MMII B nepudepruaeckoit kposu. [loka3aHo, 9TO MOBHIIIEHHE YPOBHS
MMII-1 u MMII-9 MOXeT SBISATHCS MPEANKTOPOM HMPOrPECCHPOBAHNS TyOEepKyJIEMbl, 00YCIOBIEHHOTO PACIIpo-
CTPaHEHHBIM IIPOLIECCOM C HATMYMEM pacliafia ¥ OpOHXOTeHHOH nucceMuHanmu (marrepHel Ne 1, 2). M3meneHus
yposast MMII-8, TUMII-1 nnu MI' oTpakaroT 3HAYMMOCTH BKJIaJia IEPMaHEHTHOTO BO3EHCTBUS Hecrenuduyie-
ckoro komnonenTa Bocranenns (TK i KOB) B oneHKy TshkecTn crienmuHIeckoro Iporecca U He HCKIII0YaroT
BO3MOXKHOCTH €T0 IporpeccupoBaHms (maTTepHsl Ne 3, 4).

3aximoyenue. M3menenns nokasatenein cucteMbl « MMII / uHrnOuTOPHI Nepudepudeckoidl KpOBM» MOTYT OBITh
HCIOJIL30BAaHbI B KAY€CTBE OOBEKTHBHBIX JTA0OPATOPHBIX OETKOBBIX OMOMAPKEPOB JUISl OLIEHKH KIMHUYECKOTO Te-
YeHHUs CIenU(UUECKOro npouecca Npu TyOepKyJieMe JIeTKHX.
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INTRODUCTION

Pulmonary tuberculoma is a clinical form of
tuberculosis that is presented by encapsulated caseous
foci of more than 1.0 cm in diameter. These foci are
different in genesis and are radiologically characterized
by rounded shadows. Tuberculoma mainly originates
from infiltrative and focal pulmonary tuberculosis
[1]. In addition, tuberculoma can be imitated by a
caseoma in cavernous tuberculosis. The proportion
of tuberculoma in the tuberculosis prevalence in the
Russian Federation is about 10%.

Clinical variants of the disease course reflect
morphological differences in the development of
specific inflammation. In case of a remitting course,
tuberculoma results from resolution of an extensive
pneumonic inflammatory infiltrate during its fading
and demarcation. Caseous necrosis in this case
has a homogenous nature, sometimes with foci of
calcification (homogeneous tuberculomas). In case of
a progressive course, on the contrary, tuberculoma is
represented by a caseous pneumonic process growing
from the center to the periphery, without grossly visible
encapsulation and often without pronounced clinical
manifestations (lamellar pattern of tuberculoma) [2, 3].

The assessment of the direction of specific
inflammation in tuberculoma remains clinically
relevant, as limited tuberculosis inflammation typically
lacks signs of intoxication and bacterial excretion.
The formed fibrous capsule prevents penetration of
chemotherapy drugs into the focus of inflammation.
Radiological signs of inflammation intensity in the
presence of a fibrous capsule are limited and require a
dynamic assessment of the size of tuberculoma for 2—
3 months [4].

The potential danger of tuberculoma without
bacterial excretion is determined by the probability
of its progression due to possible drug resistance of
the pathogen and the risk of treatment interruption by
the patient due to subjective self-assessment of the
condition. A morphological examination of the surgical
material is the most objective method for predicting the
direction of tuberculosis progression. At the same time,
invasive methods for obtaining biological material
have their limitations and contraindications, therefore,
the search for protein biomarkers will contribute
to expanding the arsenal of methods for objective
assessment of the clinical course of the pathology [5].

Different phases of the clinical course of tuberculoma
are based on changes in the lung parenchyma mediated
by disturbances in the extracellular matrix (ECM)
metabolism, characterized by an increase in the
volume of the lesion, necrotic areas, thinning of the
tuberculoma capsule, or its fibrotic transformation [5].
Matrix metalloproteinases (MMPs) belong to the family
of extracellular zinc-dependent proteolytic enzymes
involved in the ECM metabolism. They are end effectors
of the innate immune response. The pathophysiological
role of MMPs is associated with their involvement in
the development and maintenance of inflammation and
modeling of the effects of cytokines, growth factors, and
hormones. This allows to consider MMPs not only as
markers of tissue destruction and remodeling but also,
possibly, as contributors to the inflammation intensity.
According to the substrate specificity, various families
of MMPs are distinguished: collagenases, gelatinases,
stromelysins, etc. [6].

Infection of cells with M. tuberculosis leads to
an increase in the expression of pro-MMPs, causing
an imbalance between activated MMPs and their
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inhibitors, contributing to the destruction of lung tissue
and dissemination [7]. The imbalance in the MMP /
tissue inhibitors of metalloproteinase (TIMP) system
underlies structural changes in the lung parenchyma,
determining external respiration disorders in various
lung diseases, including tuberculosis [8, 9].

An important condition for obtaining significant
prognostic data is an adequate choice of methods for
statistical processing of the material. The use of symptom
analysis is effective when it is necessary to evaluate a
dataset that is informative only when considered as a
whole [10]. An advantage of this method is the ability to
form groups that differ in a combination of characteristics
that are not revealed when assessed in isolation.

The aim of the study was to investigate the
parameters of the MMP / TIMP system in assessing
the clinical course of pulmonary tuberculoma.

MATERIALS AND METHODS

We examined 87 patients (55 men and 32 women),
average age 33 [28; 43] years, with a morphologically
and bacteriologically confirmed diagnosis of
tuberculoma, who received treatment at St. Petersburg
Research Institute of Phthisiopulmonology from 2017
to 2021. Exclusion criteria were: diabetes, pregnancy,
and chronic obstructive pulmonary disease. The control
group consisted of 20 apparently healthy age- and sex-
matched individuals. In 95% of the cases, tuberculoma
formed due to the involution of infiltrative pulmonary
tuberculosis against the background of long-term
chemotherapy for up to 1 year. In case of bacterial
excretion before treatment initiation, in 90% of cases,
strains with multi-drug resistance of the pathogen to
anti-tuberculosis drugs were detected.

The enzyme-linked immunosorbent assay (ELISA)
was used to measure the concentrations of MMPs in
the blood serum: collagenases MMP-1 and MMP-§;
gelatinase MMP-9; and their tissue inhibitor TIMP-
1 using the ELISA reagent kit (R&D Systems, USA)
according to the manufacturer’s instructions. The activity
of a,-macroglobulin (MG) was assessed by the enzyme
assays based on inhibition of alpha-N-benzoyl-L-arginine
ethyl ester hydrolysis (ICN, Biomedicals Inc., USA).

In all patients, computed tomography (CT) of the
chest was performed on the SOMATOM Sensation
64-slice CT scanner with the assessment of structural
changes in the lung parenchyma (Nodule Analysis and
Lung Volume Analysis software package (LUNA16)
and Lung Volume Analysis (Canon Medical
Informatics, Inc., USA)) [11]. Lung function tests
(spirometry, body plethysmography) were performed

using the MasterScreen PFT diagnostic system
(VIASYS Healthcare, Germany) in accordance with the
criteria established by the American Thoracic Society
and European Respiratory Society (ATS / ERS) [12].
Fiberoptic bronchoscopy was performed using the BF-
B2 flexible fiberoptic bronchoscope (Olympus, Japan).

For statistical data analysis, the Statistica 10.0.
(StatSoft Inc., USA) and R (free software environment)
software packages were used. The logarithmic scale
(Log) was used for a number of metric variables
(parameters of the MMP / TIMP system) to reduce
the asymmetry of distribution. Data were presented as
the median (Me or MeLog) and the interquartile range
(O,; O,). We used the Fisher’s exact test, the Mann —
Whitney U-test, and the Spearman’s rank correlation
coefficient (). The symptomatic analysis revealed the
most significant patterns for the parameters of the MMP /
TIMP system; they were represented as logical functions
of categorical variables [10]. In this case, the pattern
was considered as a combination of characteristics
from radiological, functional, and endoscopic research
methods, represented as a certain logical function
described by the polynomial over the finite field of
characteristic 2. All patients signed an informed consent
to participate in the study. The study was approved by
the local Ethics Committee at St. Petersburg Research
Institute of Phthisiopulmonology (Protocol No. 9 of
15.09.2016).

RESULTS AND DISCUSSION

The study group of patients with tuberculoma was
not homogeneous according to their radiological and
functional characteristics. In half of the cases, necrotic
areas were identified, in 54 (63%) of patients, X-ray
revealed multiple necrotic foci. The median of the total
volume of the foci was 5,700 mm?® [2,920; 13,600], and
the median of the total volume of necrotic areas was
192 mm?® [0; 590]. The main parameters characterizing
lung capacity were within acceptable ranges, although
disturbances in airway patency were detected in every
second patient (Table 1).

Among external respiration disorders, obstructive
lung disease prevailed (60%). Restrictive lung disease
was detected in isolated cases (7.1%), and no mixed
patterns were found.

Non-specific changes in the bronchial mucosa with
clinical manifestations of diffuse catarrhal bronchitis
(CB) and a history of smoking were found in more
than half of the patients. The median smoking index
was 15 pack years [6.30; 22.50], with a smoking
history of over 10 years in 87% of cases.
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Table 1
Lung function parameters in patients with tuberculoma
Nor-
Parameter Me[Q; 0.l p mal
value
o .
FVC, % from the predicted | ¢ ¢5 195 80:1217, >0.05 | 80-120
value
o .
FEV,, % from the predicted | o 75 193 0.100.21, 50.05 |80-120
value
Gaensler index, % 78.6 [71.4;84], >0.05 >70
P ;
i\l/;ll\l/llfF, % from the predicted 77.0 [56.0:94.01, >0.05 =60

Note. FVC —forced vital capacity; FEV - forced expiratory volume
in one second, Gaensler index = FEV,/ FVC (modified Tiffeneau
index), MMEF — mean maximal expiratory flow between 25 and 75%
of FVC; p — a statistical significance threshold compared to healthy

individuals (Mann — Whitney U-test).

The intensity of the inflammation was characterised
by a moderate increase in the levels of collagenases
(MMP-1 and MMP-8) and a significant increase in
gelatinase (MMP-9) against the background of decreased
MG activity and the absence of significant changes in
the TIMP-1 level in the peripheral blood (Table 2).

The binary analysis did not reveal any significant
differences in metric variables (parameters of the
MMP / TIMP system) for any of the selected
categorical variables (Table 3).

The symptomatic analysis revealed that each of
the biomarkers corresponded to certain combinations
of the results (patterns). The formation of patterns is
possible for any number of characteristics, but in this
case, a combination of three of them was sufficient to
obtain significant differences.

Table 2
Concentrations of the MMP / TIMP system parameters in patients with tuberculoma, Me [Q,; O]
Analytes Patients with tuberculoma Healthy controls p

MMP-1Log, ng / ml 1.74 [1.31;2.30] 1.17 [0.89;1.72] 0.002
MMP-8Log, ng / ml 3.27 [2.64;3.94] 2.58[2.22;2.70] 0.003

MMP-9, ng / ml 1,638.00 [50.80;2,557.69] 71.99 [51.33;73.94] 0.00004
TIMP-1Log, ng / ml 6.72 [6.58;6.89] 6.66 [6.55;6.80] 0.05

MG, nmol / min 1.70 [1.40;2.16] 3.00 [2.46;3.28] 0.00003

Note. The level of statistical significance compared to healthy controls — p (Mann—Whitney U-test).

Table 3

Concentration of the MMP / TIMP system parameters depending on the clinical and radiological characteristics
of inflammation in patients with tuberculoma, Me and MeLog [Q; O,]

Pathological changes AHATHTb!
MMP-1Log, ng / ml | MMP-8Log, ng / ml MMP-9, ng / ml TIMP-1Log, ng/ml | MG, nmol / min
Signs of necrosis 1 1.57 [1.02; 2.09] 3.15[2.59; 3.83] 1721.00 [950.00; 2665.00] 6.68 [6.57; 6.84] 1.94 [1.35; 2.25]
2 1.85[1.46; 2.37] 3.50[3.21; 3.93] 1771.00 [950.00; 2665.00] 6.77 [6.60; 6.93] 1.90 [1.57;2.10]
Number of 1 1.84 [1.41;2.23] 3.12[2.73; 3.50] 1544.00 [924.00; 2343.00] 6.74 [6.61; 6.92] 1.841.38; 2.10]
tuberculomas 2 1.96 [1.48; 2.46] 3.39[3.07; 3.98] 1905.00 [1140.00; 2643.00] 6.71 [6.59; 6.89] 2.04[1.43; 2.25]
External respira- | 1 1.54 [1.02; 1.96] 3.51[3.36; 3.64] 1823.00 [1079.00; 2638.00] 6.74 [6.57; 6.98] 2.09 [1.35; 2.78]
tion disorders 2 1.89[1.38;2.74] 3.49 [3.07; 3.89] 1769.00 [1100.00; 2185.00] 6.68 [6.59; 6.83] 1.96 [1.43;2.16]
Catarrhal 1 1.84 [1.41;2.24] 3.60 [2.77; 4.44] 1355.00 [761.00; 2036.00] 6.58 [6.52; 6.82] 2.09[1.35; 2.78]
bronchitis 2 1.80 [1.36; 2.27] 3.21[2.68; 3.76] 1778.00 [1058.00; 1778.00] 6.75 [6.65; 6.93] 1.96 [1.43;2.16]
Tobacco 1 1.74 [1.01; 2.46] 3.03 [2.72; 3.42] 1574.00 [651.00; 2447.00] 6.59 [6.54; 6.78] 2.30[1.59; 2.99]
smoking 2 1.85 [1.56; 2.26] 3.53 [3.05; 3.98] 1863.00 [1186.00; 2376.00] 6.73 [6.59; 6.93] 1.98 [1.50; 2.20]

Note. 1 —no signs of necrosis, single tuberculomas, no external respiration disorders, no catarrhal bronchitis, non-smoking patients; 2 — signs of
necrosis, multiple tuberculomas, external respiration disorders, catarrhal bronchitis, smoking patients.

Stratified sampling based on the levels of colla-
genase MMP-1 and gelatinase MMP-9 allowed to
identify pattern 1 — a combination of the number of
tuberculomas, external respiration disorders, and CB
(p = 0.01). Two-fold differences in MMP-1Log made
it possible to differentiate a more severe subgroup of
patients with multiple tuberculomas in combination
with either external respiration disorders or CB. The

median MMP-1 (n = 37) in the group of patients with
severe disease reached 1.96 ng / ml (1.66; 1.9), while
in the group with moderate disease (n = 35), it was
1.23 ng / ml (0.86; 1.56).

Similarly, in the group with severe disease, Me
MMP-9 was 2,008 ng / ml (1,148; 2,648), while in
the group with moderate disease, it was 1,351 ng / ml
(874; 1,971).
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It is assumed that the progression of tuberculoma
increases as the volume of affected lung tissue enlarges.
The formed pattern suggests that a conclusion about
the progression of inflammation based solely on
differences in its prevalence is not always correct
According to pattern 1, an increase in the volume of
morphologicalchangesinthelungparenchymabecomes
clinically significant when accompanied by external
respiration disorders. The present study established
a direct correlation between external respiration
disorders and the volume of lung lesions (» = 0.27;
p = 0.03, Spearman’s rank correlation coefficient),
which is consistent with literature data indicating
a significant relationship between changes in
ventilation and gas exchange parameters of the lungs
in tuberculoma and the severity of such changes as
the volume of the largest cavity, total volume of
necrotic areas, presence of pleural involvement, and
the prevalence of seeding foci [13].

The composition of pattern 1 also indicates a
significant negative impact on the course of the primary
infection in the lungs of non-specific inflammatory
responses in the bronchial mucosa. CB, impairing
the bronchial drainage function and changing the
microcirculation in the affected bronchopulmonary
segments, contributes to the aggravation of the process
[14]. Differences in the concentration of MMP-1Log
allowed to form pattern 2, which combined the
characteristics of the total lesion volume, the total area
of necrosis, and the presence of CB (p =0.0017).

The group with a higher concentration of
proteinase included patients (» = 42) who had multiple
tuberculomas with the presence of CB or areas of
necrosis. In this group, the median MMP-1Log was
6.63 ng / ml (3.62; 9.83). In the group of patients who
had no areas of necrosis or no combination of multiple
tuberculomas with CB (n = 19), the median MMP-
1Log was 2.5 times lower, amounting to 2.56 ng / ml
(1.56; 4.09). The significance of pattern 2 confirms the
relevance of the dynamic assessment of changes in
the volume of affected tissue used in clinical practice
as one of the criteria for assessing the course of the
disease.

It is known that tuberculomas with areas of
necrosis progress more frequently than those without
them (44.7 vs. 10.5%). Moreover, small foci tend to
further decrease in size, while large tuberculomas are
primarily characterized by the preservation of necrosis
with an increase in its volume. The progression of
tuberculomas is caused by lysis of caseous necrosis
with subsequent cavernization of tuberculoma and

bronchogenic dissemination of its contents [15].
Destruction of tuberculoma occurs as a result of
its exposure to proteolytic enzymes, and the leading
role in the formation of a caseous focus belongs to
MMP-1 [16].

Thus, the composition of patterns formed during
the analysis of subgroups associated with statistically
significant differences in MMP-1Log and MMP-9
levels represents the most unfavourable combination
of clinical and radiological characteristics of
tuberculoma in terms of the clinical course of the
disease. Such characteristics as the presence of multiple
tuberculomas with external respiration disorders and
inflammation of the tracheobronchial tree, as a rule,
reflect the progression of specific inflammation.

Differences in the concentration of neutrophil
collagenase (MMP-8) allowed for the formation of
pattern 3, based on a combination of at least two of
the characteristics discussed. For example, in the
group of smoking patients with multiple foci (n = 39),
the concentration of proteinase reached 3.83 ng / ml
(3.21; 4.46) in contrast to a more favourable group
(n = 9) where such factors were absent. MMP-8Log
in this case was 1.2 times lower and amounted to
3.09 ng / ml (2.73;3.50).

Tobacco smoking is a risk factor that aggravates
the severity of the disease, contributing to the
prolongation of non-specific inflammation, and is
one of the causes of irreversible external respiration
disorders [17]. It was found that the patients of
the subgroup with pattern 3 differed by 1.2 times
from the rest of the patients in the Gaensler index
(r = 0.27; p = 0.02), the main forced expiratory
maneuver parameter, whose decrease is crucial in the
diagnosis of lower airway obstruction.

The found relationship between the total volume
of foci and the number of segmented neutrophils
(r =0.60; p = 0.04), which are the source of MMP-8,
is in agreement with literature data on the increase in
the number of peripheral blood neutrophils in patients
with a progressive course of the disease as compared
to its regressive and stable course [18].

Changes in the level of TIMP-1 and MG allowed
for the formation of pattern 4, determined by the
influence of a combination of CB and tobacco
smoking (p = 0.004). It was found that in the presence
of both characteristics, the level of TIMP-1Log
was significantly higher (»p = 0.004), amounting to
6.77 ng / ml (6.67;6.94), whereas in the absence of
these factors, the concentration of TIMP-1Log was
6.52 ng / ml (6.47;6.67). A similar 1.5-fold decrease
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was found for MG (p = 0.04). The activity of the
inhibitor was reduced to 2.00 nmol / min (1.50; 2.25)
in the more severe subgroup according to clinical and
radiological characteristics, while in other patients,
it remained at the reference level of 2.61 nmol / min
(2.10; 3.09).

The validity of the composition of pattern 4 is
explained by the literature data on the presence
of bronchial pathology of a non-specific genesis
in patients with smoking experience of more than
10 years, the so-called smoker’s cough [19]. The
revealed combination characterizes failure of
inhibitory protection and corresponds to endoscopic
presentation of non-specific CB of high prevalence.

Analyzing all 4 patterns, it should be noted
that their composition characterizes both specific
(necrosis, lesion volume) and non-specific (CB and
tobacco smoking) components of inflammation, which
indicates the nonlinear nature of the relationship
between the MMP / TIMP system parameters and
manifestations of the process intensity according to
clinical and radiological criteria. Thus, changes in
the parameters of the MMP / TIMP system can be
considered as objective laboratory biomarkers for
assessing the clinical course of specific inflammation
in pulmonary tuberculoma.

CONCLUSION

Theuse ofthe symptomatic analysis made it possible
to form four patterns, corresponding to different levels
of MMPs in the blood, from the characteristics used to
assess the clinical course of the disease. An increase
in the concentration of MMP-1Log and MMP-9 in
peripheral blood may be a predictor of the progression
of multiple tuberculomas in the presence ofnecrosis and
bronchogenic dissemination (patterns 1, 2). Changes
in the levels of MMP-8, TIMP-1 or MG emphasize the
significance of the permanent effect of non-specific
inflammation components on the assessment of the
process severity and do not exclude the possibility
of its progression (patterns 3 and 4). The integrative
approach combining the evaluation of serum protein
biomarkers with the results of clinical and radiological
studies is a highly promising non-invasive tool for
predicting the direction of development of pulmonary
tuberculoma without bacterial excretion.

REFERENCES

1. On improving anti-tuberculosis activities in the Russian Fed-
eration. Order of the Ministry of Healthcare of Russia No. 109

of 21.03.2003 (ed. 05.06.2017) (in Russ.). URL: http://www.
pravo.gov.ru (access date: 27.02.2022).

2. Ariel BM,, Elkin A.V., Basek T.S., Ostashko O.M., Katser L.I.
Morphological features of fibrous cavernous pulmonary tuber-
culosis through the example of biopsy material. Archives of
Pathology. 2004;66(1):14—18 (in Russ.).

3. Kholodok O.A., Grigorenko A.A., Cheremkin M.I. Pulmonary
tuberculoma as a form of tuberculosis. Bulletin of Physiology
and Pathology of Respiration. 2014;(53):126—131 (in Russ.).

4. National Clinical Guidelines on the use of surgical methods
for treating pulmonary tuberculosis. Thoracic surgery; ed. by
P.K.Yablonskiy. M.: GEOTAR-Media, 2014:160 (in Russ.).

5. Valiev R.Sh., Valiev N.R., Iksanov 1.Ya., Filatova M.S. Ep-
idemiological significance of pulmonary tuberculosis, the re-
sults of surgical and non-surgical treatment in the Republic of
Tatarstan. Tuberculosis and Lung Diseases. 2014;4:18-21 (in
Russ.).

6. Lee H.S., Kim W.J. The role of matrix metalloproteinase in
inflammation with a focus on infectious diseases. Int. J. Mol.

Sci. 2022;23(18):10546. DOIL: 10.3390/ijms231810546.

7. Krug S., Parveen S., Bishai W.R. Host-directed therapies:
modulating inflammation to treat tuberculosis. Front. Immunol.
2021;12:660916. DOI: 10.3389/fimmu.2021.660916.

8. Uysal P., Uzun H. Relationship between circulating serpina3g,
matrix metalloproteinase-9, and tissue inhibitor of metallo-
proteinase-1 and -2 with chronic obstructive pulmonary dis-
ease severity. Biomolecules. 2019;9:62—73. DOI: 10.3390/
biom9020062.

9. Kumar N.P., Moideen K., Viswanathan V., Shruthi B.S., Siv-
akumar S., Menon P.A. et al. Elevated levels of matrix metal-
loproteinases reflect severity and extent of disease in tubercu-
losis-diabetes co-morbidity and are predominantly reversed
following standard anti-tuberculosis or metformin treatment.
BMC Infect. Dis. 2018;18:1-10. DOI: 10.1186/s12879-018-
3246-y.

10. Alexeyeva N. P., Al-Juboori F.S., Skurat E.P. Symptom
analysis of multidimensional categorical data with appli-
cations. Periodicals of Engineering and Natural Sciences.
2020;8(3):1517-1524. DOL: 10.21533/pen.v8i3.1539.

11. Gavrilov P.V., Baulin I.A., Lukina O.V. Standardized inter-
pretation and control of detected isolated formations in the
lungs using the lung imaging reporting and data system (Lung-
Rads™). Medical Alliance. 2017;3:17-27 (in Russ.).

12. Pellegrino R., Viegi G., Brusasco V., Crapo R.O., Burgos F.,
Casaburi R. et al. Interpretative strategies for lung function
tests. Eur. Respir. J. 2005;26(5):948-968. DOI: 10.1183/
09031936.05.00035205.

13. Kiryukhina L.D., Gavrilov P.V., Savin 1.B., Tamm O.A., Vo-
lodich O.S., Pavlova M.V, et al. Ventilation and gas exchange
function of the lungs in patients with localized pulmonary tu-
berculosis. Pulmonology. 2013;(6):65 (in Russ.). DOI: 10.
18093/0869-0189-2013-0-6-807-811.

14. Strelis A.A., Strelis A.K., Nekrasov E.V. Pre-operative
treatment of patients with pulmonary tuberculomas and lo-
calized catarrhal bronchitis. Bulletin of Siberian Medicine.
2005;4(4):117-122 (in Russ.). DOI: 10.20538/1682-0363-
2005-4-117-122.

BlonneteHb cMbnpckon meguuuHbl. 2024; 23 (1): 77-84 83



Esmedlyaeva D.S., Alekseeva N.P., Dyakova M.Ye. et al. Parameters of the mmp / timp system in assessing the clinical course

15. Kholodok O.A., Cheremkin M.I. Morphological aspects innate immune response in epithelial cells and macrophages
of intensity of pulmonary tuberculomas. Bulletin of during infection with M. tuberculosis. Clin. Exp. Immunol.
Physiology and Pathology of Respiration. 2013;(49):51-54 2020;199(2):230-243. DOI: 10.1111/cei.13388.

(in Russ.). 18. Walker N.F., Karim F., Moosa M.Y.S., Moodley S., Mazibu-

16. Kubler A., Luna B., Larsson C., Ammerman N.C., Andrade B.B., ko M., Khan K. et al. Elevated plasma mtrix metalloprotein-
Orandle M. et al. Mycobacterium tuber-culosis dysregulates ase 8 associates with sputum culture positivity in pulmonary
MMP/TIMP balance to drive rapid cavitation and unrestrained tuberculosis. J. Infect. Dis. 2022;226(5):928-932. DOI:
bacterial proliferation. J. Pathol. 2015;235(3):431-444. DOI: 10.1093/infdis/jiac160.
10.1002/path.4432. 19. Pavlova E.V. Morphological features of the bronchopulmo-

17. Valdez-Miramontes C.E., Trejo Martinez L.A., Torres- nary system in patients with pulmonary tuberculosis. Cre-
Juarez F., Rodriguez Carlos A., Marin- Luévano S.P., de ative Surgery and Oncology. 2012;3:67-70 (in Russ.). DOIL:
Haro-Acosta J.P. et al. Nicotine modulates molecules of the 10.24060/2076-3093-2012-0-3-67-70.

Authors’ contribution

Esmedlyaeva D.S. — conception and design, preparation of the samples, collection of the material, carrying out biochemical studies;
literature review; analysis and interpretation of the data; drafting of the manuscript. Alekseeva N.P. — statistical processing of the
results; drafting of the article. Dyakova M.Ye. — carrying out biochemical studies. Karostik D.V. — carrying out radiological studies.
Grigoriev .V. — translation of the article, conception of the article. Sokolovich E.G. —generation of the idea of the study, conception and
design of the study; scientific editing; final approval of the manuscript for publication.

Authors’ information

Esmedlyaeva Dilyara S. — Cand. Sci. (Biology), Senior Researcher, St. Petersburg Research Institute of Phthisiopulmonology, Saint
Petersburg, diljara-e@yandex.ru, http://orcid.org/0000-0002-9841-0061

Alekseeva Nina P. — Cand. Sci. (Physics and Mathematics). Associate Professor, Department of Statistical Modeling, St. Petersburg
University, Saint Petersburg, ninaalexeyeva@mail.ru, http://orcid.org/0000-0001-8837-6739

Dyakova Marina Ye. — Dr. Sci. (Biology), Senior Researcher, St. Petersburg Research Institute of Phthisiopulmonology, Saint
Petersburg, marinadyakova@yandex.ru, http://orcid.org/0000-0002-7810-880X

Karostik Denis V. — Post-Graduate Student, St. Petersburg Research Institute of Phthisiopulmonology, Saint Petersburg, d.karostik@
mail.ru, http://orcid.org/0000-0003-3284-1421.

Grigoriev Ivan V. — Cand. Sci. (Philology), Associate Professor, Head of the Foreign Language Department in Philology and Arts, St.
Petersburg University, Saint Petersburg, ivan_grigoriev@mail.ru, http://orcid.org/0000-0001-9865-0199

Sokolovich Evgeniy G. — Dr. Sci. (Med.), Professor, Deputy Head of the Department for Educational Work, N.N. Petrov National
Medical Research Center of Oncology; Leading Researcher, Department of Surgery for Respiratory Tuberculosis, National Medical
Research Center for Phthisiopulmonology and Infectious Diseases; Professor, Department of Thoracic Surgery, Russian Medical Academy
for Continuing Professional Education, Saint Petersburg, sokole@mail.ru, http://orcid.org/0000-0003-4794-0588

(P<) Esmedlyaeva Dilyara S., diljara-e@yandex.ru
Received 28.06.2023;

approved after peer review 24.07.2023;
accepted 14.09.2023

84 Bulletin of Siberian Medicine. 2024; 23 (1): 77-84



