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ABSTRACT

Aim. To correlate the concentration of markers of extracellular matrix (ECM) destruction in peripheral blood with
morphological characteristics of inflammatory activity and to evaluate their applicability in determining treatment
strategy for patients with pulmonary tuberculoma (TUB).

Materials and methods. Peripheral blood samples were taken from 87 patients diagnosed with TUB. The
concentrations of matrix metalloproteinases (MMPs), such as collagenases (MMP-1 and MMP-8), stromelysin
(MMP-3), gelatinase (MMP-9), and tissue inhibitors of metalloproteinases (TIMP-1), were measured using the
ELISA method (R&D Systems, Minneapolis, MN, USA). The activity of o,-macroglobulin (MG), neutrophil
clastase (NE) and proteinase inhibitor (PI) were measured using enzyme assays; acute phase reactants (APR) —
haptoglobin (GP) and o, -acid glycoprotein (AGP) — were measured using immunoturbidimetric assays (Thermo
Fisher Scientific, USA). Statistica 7 software package and the predictive classification method (PCM) were
employed for data analysis.

Results. It has been established that TUB as a clinical form of pulmonary tuberculosis (TB) is characterised by
enzyme imbalance between MMP, NE and their inhibitors, namely, by an increase in the levels of MMP-1, MMP-
8, MMP-9, and NE and a decrease in MG without changes in MMP-3, TIMP-1 and PI. There is a clear correlation
between markers of ECM destruction in blood and morphological characteristics of inflammatory activity. The
combinations of MMP-1 and MG can serve as a diagnostic criterion for caseous necrosis in the TUB centre (the
alterative component of inflammation), while the levels of MMP-8 and MG can be indicative of granulomatous
changes in the capsule (the productive component of inflammation). Various combinations of markers of ECM
destruction (with or without APR) enable to predict a particular morphological pattern with accuracy from 80%
up to 92%.

Conclusions. When determining a treatment strategy for patients with TUB, biochemical data which allow to
assess the tempo and intensity of the inflammation process should be taken into account along with a dataset of
clinical and radiological features.
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PE3IOME

Hens. ConocTaBuTh ypoBeHb MapKEPOB JIECTPYKLIMHK BHeKIIeTouHOro Marpukca (BKM) B nepudepuueckoit KpoBu
¢ MOP(OIOrHYECKUMHU XapaKTePUCTUKAMH aKTHBHOCTH BOCIIAIIUTENIBLHOTO MPOLIECCa U ONPE/ICIIUTh BOZMOXKHOCTh
MX HCIIOJIb30BAHUsI IPH BBIOOPE TAKTUKH JICUSHHUs OOJIBHBIX ¢ TyOepkysemoii ierkux (TYB).

MarepuaJjnl 1 MeToabl. B mepudepnueckoit kpon 87 60mbHEIX (55 MyX4nH U 32 JKSHIIUHEI) ¢ BepHUIHPO-
BaHHBIM JMarHo3oM TYDB UMMyHO(GEepMEeHTHBIM METOJOM ONPEesIM KOHIIEHTPAIHIO KOJUIareHa3 (MaTpUKCHEIS
metayuronporenHassl (MMII) 1, 8), crpomenmsnna (MMII-3), xenatnnazer (MMII-9), TkaneBoro mHrHOHTOpa
MMII-1 (TUMII-1) ¢ ucnons3oBanneMm HabopoB R&D Systems (CILIA); sH3UMaTHYECKH — aKTUBHOCTb HEHTpO-
¢umbHOM dmactassl (HD), nporennaznoro nnruduropa (ITM) n a2-maxpornobymuna (MI); mMmyHOTYpOOIHME-
TPUYECKH — KOHIICHTPAINIO peakTaHTh! ocTpoil (a3sl Bocnanenus (POD): ranrornoduna (I'TI), al-kucioro rm-
korporernHa (AI'TI) ¢ ucnons3oBannem HabopoB Termo Fisher Scientific (CILA). [IpuMensn makeT nmporpamm
Statistica 7 ¥ MeTOJ IPOSKTUBHOH KIIacCH(HUKAIHN.

Pe3yabTathl. YcranoBieHo, uro TYD kak kmuHndeckas Gopma TyOepKye3a JIeTKHX XapaKTepu3yeTcs: Hapylie-
HueM Oamanca MMII u HD ¢ marnéuropamu: nossimenneM ypoas MMII-1, -8, -9, HO u cumkennem MI™ pu
orcyrctBud u3MeHeHnit MMII-3, TUMII-1 u I1IU. [Tokazano cooTBeTcTBHE MapKkepoB necTpykiun BKM B kpo-
BU MOP(HOTOTHUECKUM XapaKTEePUCTHKAM aKTHBHOCTH mporecca. VH(GopMaTHBHBIMU MOKA3aTENAMH JUIsl OLEHKH
aIbTEPHATUBHOTO KOMIIOHEHTA BOCTIAIeHHs (HaIM4us Kazeosa B ieHTpe TYD) 1 ero npo yKTHBHOTO KOMIOHEHTA
(TpaHyJIeMaTO3HBIX N3MEHEHUH B Karicye) sBisercs kak coueranne MMII-1 ¢ MI', rak 1 MMII-8 ¢ MI'. Pa3nuu-
HbIe KOMOMHAINH TTOKa3areneil Mapkepo aectpykunu BKM (B coueranuu ¢ PO® wmu 6e3) 1atoT BO3MOXKHOCTh
MPOTHO3UPOBATH Ty WM HHYIO MOP(OIOTHIECKYI0 KapTHHY ¢ TOUHOCThIO 80-92%. 3akmiouenue. IIpu Beibope
TaKTHUKH JedeHust OonpHbIX ¢ TYD crnemyer mpuHMMAaTh BO BHUMaHHE OMOXMMHUYECKHE JaHHBIE C MX OIEHKOM
AKTHBHOCTH BOCHAJIHMTEIBHOTO MIPOLecca HapsITy ¢ KOMIIEKCOM KIMHUKO-PEHTTEHOIOTHIECKUX XapaKTEePHCTHK.

KuroueBble ¢JI0Ba: BHEKIICTOUHBIH MAaTpUKC, MATPUKCHBIC MCTAJUIONPOTEUHA3DI, I/IHFI/I6I/ITOpLI IpoTerHa3s, Ty6ep—
KyJieMa JICTKUX.

KOHq)JIl/lKT HUHTEPECOB. ABTOpLI JACKIAPpUPYIOT OTCYTCTBUE SABHBIX U INOTCHUHUAJIBHBIX KOH(bJ’II/IKTOB HUHTEPECOB,
CBA3aHHBIX C ny6nmcauneﬁ HaCTOﬂLHeﬁ CTaTbu.
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UcTtounnk puHaHcHpoBaHMs. ABTOPBI 3asBIISIOT 00 OTCYTCTBUH (DMHAHCHPOBAHUS MPU MIPOBEACHUU HCCIIEI0-

BaHMU.

CooTBercTBHEe MPpUHIHNAM 3THKH. OOCIICIOBaHNUS BBIITOIHEHBI C HHPOPMUPOBAHHOTO COTJIACHS MAIIMEHTOB. Mc-
ClIeZIOBaHKE 0J00PECHO JOKAIBHBIM dTHYecKiM KomuTeToM CI16 HUND.

Jns uurupoBanus: Dcmemiaesa J[.C., Anexceesa H.I1., HoBunkas T.A., IpsaxoBa M.E., Apuane .M., ['puro-
preB U.B. , Cokomnoud E.I'. AKTHBHOCTH BOCHAJIMTEIBEHOTO TPOIEcCca M MapKEPhl JECTPYKIIMN BHEKIECTOYHOTO
MaTpHKCca Ipu TyOepKyleme JerKux. broanemens cudbupckou meouyunst. 2020; 19 (2): 112-119. https://doi.org:

10.20538/1682-0363-2020-2-112-119.

INTRODUCTION

The search for various markers that would enable
early diagnosis and prediction of treatment effective-
ness for various pathologies has not lost relevance.
The complexity of the problem is explained by the fact
that most of the markers are highly sensitive, yet not
specific enough. This determines the potential of their
aggregate isolation and as a clinical prognostic tool
[1]. Currently, one of the methods for assessing the
intensity of the inflammatory and destructive process
is evaluating the activity of various classes of blood
proteinases: serine, cysteine, aspartic, and matrix met-
alloproteinases (MMPs). The latter are divided into
several subgroups based on their substrate specifici-
ty: collagenases, gelatinases, stromelysins, etc. [2].
Proteins of the MMPs perform a double role in the
pathogenesis of inflammation, causing the destruc-
tion of all components of the ECM and regulating the
immune response in the inflammatory processes. The
ultimate effect of the proteolytic systems depends on
the proteinase and proteinase inhibitor correlation.
Neutrophils, monocytes, macrophages, fibroblasts,
and epithelial cells are the sources of MMPs. At the
post-translational level, serine proteinases are in-
volved in the pro-enzyme activation, while specific
tissue inhibitors (TIMPs) and a.-macroglobulin (MG)
regulate their activity [3]. Mycobacterium tuberculo-
sis (MTB) regulates matrix metalloproteinase gene ex-
pression along with tumour necrosis factor-o (TNFa)
and interleukin-1 (IL-1) [4].

A correlation between the morphological charac-
teristics of the inflammatory activity and the function-
al and metabolic properties of phagocytes in different
forms of pulmonary tuberculosis (PT) has been report-
ed in a few works [5], while data on their association
with the markers of ECM destruction cannot be found
in the literature.

Pulmonary tuberculoma (TUB) is a clinical man-
ifestation of secondary PT. The term TUB is used to
describe a caseous necrotic mass located in the lungs,

over 12 mm in diameter, encapsulated by multiple lay-
ers of fibrous connective tissue. In the capsule, single
Langhans cells, surrounded by epithelioid cell tuber-
cles (in the case of rapidly progressing inflammation
process), are sometimes found. However, the progres-
sion of TUB may be slow and torpid [6]. According
to the National Clinical Guidelines for Surgical Treat-
ment of PT, surgery is recommended for TUB after
4-6 months of chemotherapy with no effect [7]. The
absence of clinical and radiological signs of disease
activity does not exclude the presence of its morpho-
logical manifestations. In recent years, the morpho-
logical features of TUB have become especially well
known. It is mainly determined by the fact that the
evidence of mass lesions serves as an indication for
surgery, while the resected sections of lung tissue un-
dergo a thorough pathological examination [8].

The aim of the study was to correlate the chang-
es in the markers of ECM destruction (the activity of
MMPs and serine proteinase) in peripheral blood with
the morphological characteristics of the inflammation
process and to evaluate their applicability in determin-
ing a treatment strategy for patients with TUB.

MATERIALS AND METHODS

The study included 87 patients (55 men and 32
women) diagnosed with TUB (based on clinical as-
sessment and morphological examination), treated at
St. Petersburg Scientific Research Institute of Phthisi-
opulmonology, Department of Thoracic Surgery. The
average age of the patients was 35.3 + 1.2 years. All
the study participants were eligible for surgical treat-
ment (2011-2017). The control group consisted of
20 healthy donors whose demographic characteristics
were consistent with those in the patient cohort. In most
cases, TUB formed due to the involution of infiltrative
PT (95%) following chemotherapy for up to 1.5 years.
CT scanning of the chest cavity revealed that TUBs
located in the upper lobe, lower lobe, and bilaterally
account for 70.2%, 17.2%, and 12.5% of cases, respec-
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tively. TUBs with a size of 1-2 ¢m, 2—4 cm and more
than 4 cm were found in 57.14%, 28.51% and 14.35%
of cases, respectively. Before treatment, bacteriological
examination of the sputum was performed, and MTB,
mainly multidrug-resistant strains (MDR), was detec-
ted in 34.9% of cases, which is typical of present-day
tuberculosis, regardless of its clinical and anatomical
forms [9].

Biochemical tests were performed no earlier than
7 days prior to the surgery. The enzyme-linked im-
munosorbent assay (ELISA) was used to measure the
MMP concentrations in blood serum with R&D Sys-
tems reagents (Minneapolis, MN, USA). Representa-
tives of three MMP subfamilies — collagenases MMP-
1 and MMP-8; gelatinase MMP-9; and stromelysin
MMP-3 — were measured, as well as their inhibitor
TIMP-1. The concentrations of acute-phase reactants
(APR) — haptoglobin (GP) and a -acid glycoprotein
(AGP) — were determined using immunoturbidimetric
assays (Thermo Fisher Scientific, USA), according to
the manufacturer’s protocols. The enzyme methods
were used to assess the activity of serine proteina-
se — neutrophilic elastase (NE) [10], proteinase inhib-
itor (PI), and MG [11].

All TUBs showed morphological features of ca-
seoma (Table 1)*. The inflammatory activity was
assessed according to the B.M. Ariel classification
(1998) [6], based on the correlation between the pa-
rameters of caseous necrosis, capsules and surround-
ing lung tissue.

Table 1
Morphological characteristics of TUB inflammatory activity
Characteristic frequency
Morphological characteristics (absolute (n),
relative %)

Single 35(40.2)

E‘r‘nn::er of tubercu- Multiple 41 (47.0)

Conglomerate 11 (12.8)

Parameters of case- | Without melting 23 (26.8)

ous necrosis With melting 64 (73.2)
One layer 34 (39)
Capsule changes Two layers 53 (61)
2 23 (26)
Inflammatory activ- 3 52 (45)

ity level 4 24 (27.5)
5 1(1.5)

For statistical data analysis, the Statistica 7.0 soft-
ware package was used. Qualitative attributes were
presented in the form of absolute (n) and relative
values (%). The indicators were presented as medi-
ans (Me) and the interquartile range (25%; 75%) ([Q,;
O.]). For a number of indicators, logarithmic data

transformation — log, (x + 1) (MeL) — was used to re-
duce the skewness of distributions. The significance
of the relationship between qualitative variables was
tested using the Fisher’s exact test. The hypothesis of
homogeneity was estimated for two and several sam-
ples according to the criteria of the Mann—Whitney U
test and the Kruskal — Wallis test, respectively. Cor-
relation analysis was performed using the Spearman’s
rank correlation coefficient. Differences in indicators
were considered significant at a level of statistical sig-
nificance p < 0.05.

The objective assessment of morphological data
was carried out through analysis of a set of ECM de-
struction markers using the predictive classification
method (PCM) with a linear discriminant analysis
algorithm. The advantage of the method is the pos-
sibility of analysis regardless of the completeness of
the data presented [12]. Typically, the discriminant
function (DF) is calculated simultaneously for all
variables. PCM computes the set of most significant
correlating DFs, constructed from different subsets of
markers. Due to the small number of markers included
in the DFs, they are easier to interpret. Moreover, this
allows to examine the diversity of biochemical mani-
festations of the studied process from different points
of view. Discriminant weights (standardised coeffi-
cients) enable identification of the variables that con-
tribute the most to the discrimination between groups.
Positive DF values in patients provide evidence to as-
sign them to a group of patients with less severe man-
ifestations of the disease.

RESULTS

TUB, as a clinical form of PT, was characterised
by a moderate increase in blood concentrations of
collagenases (MMP-1 and MMP-8) and a significant
increase in gelatinase (MMP-9), while concentrations
of stromelysin (MMP-3) and TIMP-1 remained at the
control level. Additionally, there was a decrease in the
activity of another MMP inhibitor — MG. A statisti-
cally significant increase in the activity of serine pro-
teinase (NE) was established with no changes in its
inhibitor (PI) activity (Table 2)*.

Table 2

Concentrations of the analysed biochemical parameters in
patients with TUB, Me and MeL [0,; O]

Marker Patients with TUB Healthy donors
n=_87 n =20
1.74[1.31; 2.30] )

MMP-1L (ng/mL) »=0.002 1.17[0.89; 1.72]
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Table 2 (continued)

Marker Patients with TUB Healthy donors
n=287 n=20
3.27 [2.64; 3.94] .
MMP-8L (ng/mL) 2= 0.003 2.58 [2.22;2.70]
1638.00 [950.80; 2557.69] 71.99
MMP-9 (ng/mL) p=0.00004 [51.33; 73.94]
MMP-3L (ng/mL) 1.55[1.07; 2.16] 1.87 [1.57; 2.07]

TIMP-1L (ng/mL)

6.72 [6.58; 6.89]

6.66 [ 6.55; 6.80]

1.70 [1.40; 2.16]

MG (ME) = 0.00003 3.00 [2.46; 3.28]
195.60 [173.90; 217.30] | 163.00 [ 152.10;
NE (ME) p=0.0002 173.90]
PI (ME) 1.82[1.27; 2.17] 1.20[0.91; 1.31]
1.56 [1.08; 2.14] _
GP (g/L) o= 001 1.04 [0.90; 1.10]
AGP (g/L) 1.10 [0.86; 1.69] 0.96 [ 0.88; 1.08]

Note: TUB — pulmonary tuberculoma; MMP — matrix metallo-
proteinases; TIMP-1 — tissue inhibitor of metalloproteinases; MG —
a,-macroglobulin; NE — neutrophil elastase; PI - proteinase inhibitor;
GP — haptoglobin; AGP — orosomucoid; p — a statistical significance
threshold compared to healthy donors (Mann — Whitney U test).

We found a direct correlation between the concen-
trations of MMP-9 and MMP-8 (r = 0.44, p < 0.014)
and the NE activity (» = 0.23, p < 0.05), as well as
between the levels of TIMP-1 and MMP-9 (r = 0.31,

p <0.009). Given the ability of NEs to act as a pro-
MMP activator in the blood, it can be assumed that the
absence of changes in the concentrations of its main
inhibitor PI indirectly contributed to the growth of
MMP-1. A negative correlation (r = -0.46, p < 0.004)
between Pl and MMP-1 [13] was found. According
to the significant differences between the increase in
MMP-1 and MMP-§ concentrations and a decrease in
TIMP-1 in the blood, the proteolytic processes inten-
sified as the TUB size grew. Consequently, the deg-
radation of ECM during the formation of TUB was
associated with an imbalance between proteinases and
inhibitors, namely, the prevalence of the two classes
of proteinase (MMP and NE) concentrations. This
information is consistent with the reports stating that
mycobacterial infection is able to enhance the expres-
sion and secretion of MMP, but not TIMP-1 [14].

The statistical analysis showed that morphological-
ly, neither gender (Fisher’s test), nor age or duration of
chemotherapy (Kruskal — Wallis test) correlate with the
intensity of the TUB inflammation process: all results
had statistical significance over 0.70. At the same time,
analysis of the interrelation between the biochemical
parameters of destruction and the morphological signs
of the inflammatory activity revealed associations with
changes in the MMPs levels (Table 3)*.

Table 3

Concentrations of the analysed biochemical parameters with regard to the morphological sings of the inflammatory activity in TUB,
Me and MeL [Q,; O.]

Parameters of caseous necrosis (Signs of melting)

Changes in the capsule

Marker

No
n=23

Yes
n=64

Single-layered
n=734

Double-layered
n=>53

MMP-1L (ng/mL)

1.59 [1.10; 1.83]

1.96 [1.48; 2.46]
p=0.04

1.82 [1.57; 2.40]

1.78 [1.26; 2.69]

MMP-S8L (ng/mL)

3.28 [2.87; 3.87]

2.96 [2.46; 3.52]

2.84[2.62; 3.26]

3.37[2.92; 3.73]
p=0.02

MMP-9 (ng/mL)

1575.63
[916.30; 2195.86]

2,060.67
[913.68; 2,988.27]

1,647.07
[936.91; 2,228.03]

1,623.43
[916.29; 2,253.56]

MMP-3L (ng/mL)

1.56 [1.10; 1.84]

1.50 [0.86; 2.13]

1.41[0.87; 1.77]

1.64 [1.07; 2.14]

TIMP-1L (ng/mL)

6.70 [6.60; 6.86]

6.66 [6.57; 6.86]

6.79 [6.65; 6.82]

6.64 [6.65; 6.93]

MT (ME) ‘ 2.20[1.36; 3.09] ‘ 2.11[1.44; 2.72]
MG (ME) 1.84 [1.40; 2.12] o 0.04 1.82[1.6; 2.22] b 0.04
NE (ME) 197.33 205.68 196.61 201.02
[173.90; 217.30] [162.90; 241.83] [179.30; 217.30] [168.43; 225.47]
PI (ME) 1.69 [1.27; 2.15] 1.80 [1.55; 2.09] 1.63 [1.45; 1.84] 1.66 [1.22; 2.15]

Note. TUB - pulmonary tuberculoma; MMP —matrix metalloproteinases; TIMP-1 — tissue inhibitor of metalloproteinases; MG — a,-macroglob-
ulin; NE —neutrophil elastase; PI—proteinase inhibitor; GP — haptoglobin; AGP —orosomucoid; * p —a statistical significance threshold between

the groups (Mann — Whitney U test).
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With perceptible signs of melting, the values of
MMP-1 and MG were higher (although the latter was
lower than the control level in both cases) than with
no signs of melting. The obtained results appear logi-
cally conclusive, as the centre of the granuloma, rep-
resented by caseous masses, is formed from destroyed
macrophages that die upon contact with the MTB and
release of proteinases, which violates the protease/an-
tiprotease balance. This is consistent with the opinion
of A. Kubler (2015) on the leading role of MMP-1 in
the formation of the caseous centre [15].

A double-layered capsule composed of collage-
nous connective tissue (in the outer layer) and gran-
ulation tissue with macrophages, epithelioid cells and
Langhans cells (in the inner layer) is formed during
the transition from stabilisation to progression phase.
Compared to the single-layered fibrous capsule, the
double-layered one is associated with a more pro-
nounced increase in MMP-8 / MG values. This is con-
sistent with the published data on the increase in the
number of granulocytes and their phagocytic activity
with active TUBs [5].

Similarly, in contrast to the inflammation process
of moderate intensity (level 3 of disease activity) and
low intensity (level 2 of disease activity), acute in-
flammation process of high intensity (levels 4 and 5 of
disease activity) revealed an increase in the concentra-
tions of MMP-1 (p = 0.03) and MMP-9 (p = 0.04) and
a decrease in the MG activity (p = 0.003). Besides,
the values of MMP-3, TIMP-1 and PI were within the
specific reference ranges, while the concentrations of
NE were above the upper end of the reference range,
regardless of the intensity of the inflammatory activity
in terms of morphology and its constituent character-
istics (Kruskal-Wallis test).

Consequently, the progression of the inflammation
process is reflected in a more pronounced imbalance
in the proteinase/inhibitor system, which is consistent
with the literature data [16]. Moreover, this is true
for all patients with at least one TUB lesion. In other
words, the number of TUBs is irrelevant to the case.

PCM was used to classify the patients according to
the degree of the inflammatory activity level. 8 mark-
ers of ECM destruction were analysed. For a more
complete assessment, the analysis included data on the
status of such multifunctional APRs as GP (one ofits
functions is the activation of pro-MMP-1) and AGP (it
activates fibrogenesis) (Table 2). 32 DFs, separating
patients with the lowest inflammatory activity level 2
(DF1) and the highest levels 4 and 5 (DF2) from the
rest of the patients with the accuracy 80-92%, were

obtained as outcome indicators of PCM associated
with different levels of disease activity (Table 4)*.

Table 4

The most informative combinations of the analysed biochemical
parameters, which determine the accuracy of inflammatory
activity assessment in TUB

Most informative combi-
. . Pre-
nations of concentrations Level of diction
Parameters | of the analysed biochem- | inflammatory aceurac
ical parameters and their activity y
. (%)
weight
MMP-8 (1.13). NE
(0.02). 2/3-5 86
DF 1 PI (-1.03).
MMP-8 (1.34). MG 2/3-5 83
(1.14). AGP (-1.29).
MMP-1(0.55). MMP-3 2-3/4-5
DF2 (0.089). MG (~1.53) 922

Note. TUB — pulmonary tuberculoma; MMP — matrix metallopro-
teinases; MG — a,-macroglobulin; NE — neutrophil elastase; PI— pro-
teinase inhibitor; AGP — orosomucoid.

Taking into consideration high interdependence
among the DFs, determined by the method of their
construction, we will limit ourselves to interpreting
only a few of them. Separation of the patients with
low-level inflammatory activity (level 2 of disease ac-
tivity) from the rest of the patient population (levels 3
to 5) reflects neutrophil characteristics (DF1). This is
characterised by lower values of neutrophil collage-
nase (MMP-8) and neutrophil degranulation marker
(NE) in combination with a high concentration of its
inhibitor (PI) according to the values of the correla-
tion coefficient between proteinases and the inhibitor.
When we consider the progression from inflammation
of low and moderate intensity (levels 2-3 of disease
activity) to severe inflammation (levels 4-5 of disease
activity) (DF2), the combination of the concentrations
of MMP-1 and stromelysin is of utmost significance.
This is consistent with the published reports on the
decisive role of the MMP-3 / TIMP-1 correlation in
the destruction of ECM [17].

The use of PCM for assessing the morphological
signs of the inflammation process enabled to identify
the areas typical of patients with level 2 and levels
4-5 of the disease activity. Classification of patients
with level 3 of the disease activity posed the greatest
challenge. The disease in this group of patients may
develop in either direction. This indicates not so much
the limitations of the method as the unavoidable sim-
plification of the mathematical model of the polymor-
phic picture of the inflammation process. Only two
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morphological parameters — ‘the nature of the caseous
masses’ and ‘the state of the capsule’ — were taken
into account. Apparently, for a clearer classification,
it is required to analyse more data with the inclusion
of additional variables, such as screenings in the sur-
rounding lung tissue, bronchial lesions, and regional
lymph nodes.

With the example of TUB, the applicability of the
PCM for assessing the inflammatory activity with the
use of combinations of three ECM destruction mark-
ers (with or without APR) with prediction accuracy
of 80-92% was shown. The proposed method enables
a deeper understanding of a variety of biochemical
manifestations of tissue and cellular inflammatory
mechanisms. The absence of significant differences in
most indicators of ECM destruction in their isolated
assessment based on the morphological characteristics
does not exclude their significant contribution to the
formation of different morphological features.

In conclusion, it should be noted that when choos-
ing the treatment strategy for patients with TUB, bio-
chemical data assessing the intensity of the inflamma-
tion process should be taken into consideration along
with a set of clinical and radiological features.

CONCLUSION

TUB, as a clinical form of secondary PT, is charac-
terised by an increase in the levels of different classes
of proteinases in peripheral blood. This contributes to
a shift in the proteinase/inhibitor system balance to-
wards proteinases. An increase in the concentrations
of collagenases (MMP-1, MMP-8) and gelatinase
(MMP-9) is observed, while stromelysin (MMP-3)
and TIMP-1 remain at the control level along with
low MG activity and uncompensated increase in the
NE level.

There is a correlation between the markers of ECM
destruction in peripheral blood and the morphological
characteristics of the disease activity. Thus, the com-
bination of MMP-1 and MG is an indicator for assess-
ing the alternative component of inflammation (pres-
ence of caseous necrosis in the TUB centre), while the
MMP-8 / MG system serves as a diagnostic criterion
for its productive component (granulomatous changes
in the capsule).

Using TUB as an example, the applicability of
PCM for assessing the morphological features of the
inflammation process using a number of combinations
of three markers of ECM destruction (with or without
APR) in peripheral blood with prediction accuracy of

80-92% was shown. They can be used as additional
criteria in determining the treatment strategy for pa-
tients with TUB.
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