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Llenb uccnepoBaHuA: 13yyeHUe NPOrHOCTUYECKOM 3HAYMMOCTM K/IMHUKO-N1ab0paTOPHbIX MapKepoB NeYeHOUYHO NaToN0r 1K, B TOM YMC/1e KOMMOHEH-
TOB CUCTEMbI MAaTPUKCHBIX MeTanonpoTenHas (MMIM), s BbISBACHNUA YMePEHHO/BbIPAXKEHHOM aKTUBHOCTU NPY XPOHWUYECKNX 3a60/1eBaHAX Nneve-
Hu (X3MM). MaTepuanbl n MeTogbl. O6cneaoBaHo 76 nauveHTos X3 BUPYCHOW UM aIKOTO/IbHOM 3TMO/IOrMK B BO3pacTe oT 18 40 64 neT. MuHuManb-
Has (MHAEKC rucTonornyeckomn aktmeHoctn — UMA 1-3 6anna), cnabosbipaxerHasn (VIFA 4-8 6annos), ymeperHas (VA 9-12 6ann0B) 1 BblpaXkeHHas
Mopgonoruyeckas akTueHocTb (VIF'A 6oee 12 6annos) Bbiseasauch B 19 (25,0 %), 34 (44,7 %), 14 (18,4 %) 1 9 (11,9 %) cnyyaeB COOTBETCTBEHHO.
MeTog0M MMMyHOGEPMEHTHOrO aHamn3a onpejensanun cogepxarue B kposu MMI-1, MMI1-9, TkaHeBOro MHrMGMTOpa MaTPUKCHBIX MeTasI0rnpoTe-
uHas-1 (TUMTI-1), paccumtbiBanm cooTHoweHne TUMI-1/MMM-1, TMM-1/MMM-9. PesyabTatbl. [10 4aHHLIM MHOrOGAKTOPHOM JIOTUCTUYECKON
perpeccuu, yMepeHHas/BblpaXKeHHas r1cTon0r1yeckas akTMBHOCTb X3MM 6bi1a accoumMmpoBaHa ¢ nokasatensamu y-raTamuatpaHcnentugass (T)
(oTHoweHwme warcos (OLL) 1,016; 95 % aoseputensHsbiit untepsan (4N) (1,006-1,024), p=0,001), MeXayHapOAHOTO HOPMA/IM30BAHHOIO OTHOLIEHNA
(MHO) (OLWL 1,079; 95 % AU (1,028-1,132), p=0,002), cooTHoweHuns TUMM-1/MMT1-9 (OLL 0,554; 95 % AN (0,380-0,809), p=0,002). KombuHaLus
3TWX NapaMeTpoB MMe/ia YyBCTBUTENIbHOCTbL 82,6 %, cneymnduunocTb 92,5 % 1 TouHocTb 89,5 % B BhiAsBneHnn UIFTA 9 1 6onee 6annos. 3akitoueHue.
YBenuyeHHble 3HadeHns [TT n MHO, a Takxe cHumxeHHoe cooTHoweHne TUMIM-1/MMI1-9 aBnaloTca He3aBUCUMbIMU GpaKTOpaMM pUCKa yMepeH-
HOVi/BbIPaXK€HHOW FMCTONOrMYeCKOl aKTUBHOCTM MU X311, 4TOo 06YCI0BIEHO UX YYacTMeM B NpoLieccax NeYeHOYHOr o BOCMaNeHuA.

KnroueBbie cnoBa: XpOHU4YeCKue 3a60/1eBaHUs NeYeHU, 2UCMO02U4eCKas akmuBHOCMb, MaMPUKCHas MemanaonpomeuHasa-9, mkaHesoli UH2u-
6umop MampUKCHbIX MemaanonpomeuHas-1, y-2aomamunmpaHcnenmudasa, Mexx0yHapooHoe HoOpMaau30BaHHOEe OMHoOWeHUe
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Abstract

Aim of investigation. To study the prognostic significance of clinical and laboratory markers of liver pathology, including components of the matrix
metalloproteinase (MMP) system, to identify moderate/significant activity in chronic liver diseases (CLD). Materials and methods. 76 patients
with CLD of viral or alcoholic etiology aged from 18 to 64 years were examined. Minimal (histological activity index — HAI 1-3 points), minor
(HAI 4-8 points), moderate (HAI 9-12 points) and significant morphological activity (HAl more than 12 points) were detected in 19 (25.0 %), 34
(44.7%), 14 (18.4 %) and 9 (11.9 %) of cases, respectively. Enzyme immunoassay was used to determine the blood levels of MMP-1, MMP-9, tissue
inhibitor of matrix metalloproteinases-1 (TIMP-1), and the of TIMP-1/MMP-1, TIMP-1/MMP-9 was calculated. Results. According to multivariate
logistic regression data, moderate/significant histological activity of CLD was associated with y-glutamyltranspeptidase (GGT) (odds ratio (OR)
1.016; 95 % confidence interval (Cl) (1.006-1.024), p=0.001), international normalized ratio (INR) (OR 1.079; 95 % CI (1.028-1.132), p=0.002), and
TIMP-1/MMP-9 ratio (OR 0.554; 95 % CI (0.380-0.809), p=0.002). The combination of these parameters had sensitivity of 82.6 %, specificity of
92.5 % and accuracy of 89.5 % in detecting HAI of 9 or more points. Conclusion. The increased values of GGT and INR, as well as a reduced ratio
of TIMP-1/MMP-9, are independent risk factors for moderate/significant histological activity in CLD, due to their participation in the processes of
hepatic inflammation.

Key words: chronic liver diseases, histological activity, matrix metalloproteinase-9, tissue inhibitor of matrix metalloproteinases-1, y-glutamyltrans-
peptidase, international normalized ratio
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Introduction
of deceased and recovered patients. Half of all infec-

Chronic liver diseases (CLD) constitute a seri-
ous health-related issue, which is associated with high
prevalence, morbidity, and mortality, low quality of life,
enhanced patient disability, and increased organ trans-
plant requirements. CLDs are mainly represented by
infections associated with hepatitis B (HBV) (29 %) and
C (HCV) (9%) viruses, alcoholic (2%) and non-alco-
holic (59-60 %) fatty liver disease; autoimmune, heredi-
tary, and drug-induced lesions (1 %) are rare [1].

Despite the vaccination and use of nucleos(t)ide
analogues, chronic HBV infection is diagnosed in 240-
296 million people, which is more commonly diagnosed
in China (29%), India (6.6 %), and Nigeria (5.8 % of
cases). 1.5 million new HBV infection cases are diag-
nosed annually; every year, 800-820 thousand people die
from its complications (liver cirrhosis and hepatocellular
carcinoma) [1, 2, 3].

Approximately 58-113 million people globally are
infected with HCV (0.8-1.1%); 1.5-1.8 million new
cases are detected annually, which exceeds the number

tion cases are reported in China, Pakistan, India, Egypt,
Russia, and the USA [1, 2].

12 million patients with the HDV infection have been
diagnosed globally; anti-HDV antibodies are detected in
4.5-16.4% of HBsAg-positive persons. Mongolia is the
first in the list of HBsAg-positive and HDV-infected
population (36.9 %), followed by Guinea-Bissau (23.9 %),
Gabon (22 %), Mauritania (19.4 %), Togo (18.5%), and
Moldova (15 %) [4].

The exact prevalence of alcoholic liver disease is
unknown, while its trend can be followed with the alco-
hol consumption per capita. Alcohol consumption leads
to 3.3 million deaths annually, 5.3-10% of premature
deaths among people of working age [5]; alcohol is asso-
ciated with a high risk of mortality from liver diseases
(27 %) and hepatocellular carcinoma (20-30 %) [1, 2].

Determining the severity of necrotic & inflammatory
changes in the liver is important to optimize the patient
management from the point of prognosis and timely ther-
apeutic decisions. Transcutaneous liver biopsy followed
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by the morphological study is a golden standard of evalu-
ating the hepatic inflammation severity. However, biopsy
is an invasive diagnostic method, which is not available
in the limited resource setting, but rather associated with
the low patient compliance, unfavorable risks, variability
of results, insufficient representativeness, and impossi-
bility of monitoring changes [6].

Currently almost no non-invasive markers and scales
exist that help to diagnose hepatic inflammation, espe-
cially in patients with stably normal aminotransfer-
ase activity. Actitest (BioPredictive, France) including
six parameters (alanine aminotransferase, bilirubin,
y-glutamyl transpeptidase, haptoglobin, alpha-2 mac-
roglobulin, apolipoprotein Al) is positioned as a non-
invasive tool in the diagnosis of hepatic disease activity.
Along with that, some data demonstrate the insuffi-
cient Actitest concordance with morphological signs of
chronic hepatitis [7, 8], while several parameters of the
scale are not used routinely, which limits its use.

Besides controlling the accumulation and degrada-
tion of the extracellular matrix components, matrix
metalloproteinases (MMP) and their tissue inhibitors
(MPTI) actively participate in the inflammatory process,
angiogenesis, and hepatic regeneration [9]. MMPs affect
the replication, penetration, and spread of hepatotropic
viruses, release the membrane-bound pro-inflammatory
cytokines, destroying the basal membrane markers,
and promote white blood cell transfer to tissues [9, 10].
Increased MMP-2 and MMP-9 expression is associated
with white blood cell extravasation and infiltration,
enhanced inflammation in the setting of the ischemic-
reperfusion liver injury [11]. MMP-8 deficiency in the
acute hepatitis model impaired white blood cell migra-
tion and chemokine release, which can prove the role
of this matrix metalloproteinase in the regulation of
inflammation [9].

However, the association of serum MMP and MPTI
levels and the histological activity of chronic liver dis-
eases has not been always detected [12, 13, 14]. TIMP-1,
MMP-3 parameters have been more commonly used in
the non-invasive diagnosis of fibrosis [6], while the prog-
nostic ability of metalloproteinases and their inhibitors
regarding the severity of inflammation in patients with
hepatic diseases have not been analyzed at all.

The study is aimed at analyzing the diagnostic sig-
nificance of clinical & laboratory parameters, including
the components of the matrix metalloproteinase system,
in the prediction of moderate/significant morphological
activity in chronic liver diseases.

Materials and Methods

A total of 76 patients with chronic liver diseases
(27 females, 49 males) aged 18 to 64 years (41 (31; 48)
years). Inclusion criteria: histologically confirmed CLDs
of viral or alcoholic origin; age over 18 years; signed

informed consent to participate in the study, including
the liver biopsy. Exclusion criteria: liver diseases of any
other etiology; acute and chronic (exacerbated) clini-
cally significant somatic diseases; drug abuse; psychic
diseases; pregnancy and lactation; malignancies.

Study design: open-label cross-sectional study.

Clinical characteristics of patients with CLDs are pre-
sented in Table 1.

Chronic hepatitis was detected in 59 (77.6 %) cases
(HBV — 16, HCV — 30, HDV — 13), liver cirrhosis
(Child-Pugh Class A) — in 17 (22.4%) patients: that
of viral etiology — in 13 (17.1 %) patients (HBV — 2,
HCV — 8, HDV — 3), alcoholic cirrhosis — in 4 (5.3 %)
cases.

The viral etiology of hepatic diseases was established
based on the presence of HBsAg and HBV DNA (HBV
infection), anti-HCV antibodies and HCV RNA (HCV
infection), anti-HDV antibodies and HDV RNA (HDV
infection). The alcoholic etiology of hepatic diseases was
diagnosed based on the history, AUDIT test (> 8 points),
detection of alcoholic stigmata and laboratory mark-
ers (AST elevation > ALT, increased mean corpuscular
volume (MCV), y-glutamyl transpeptidase activity).

Depending on the ALT and/or AST parameters,
biochemical CLD activity was divided into minimal
(increase < 3 x upper limit of normal (ULN)), moder-
ate (3-5 fold increase), and severe (> 5 x ULN), which
were observed in 57 (75.0 %), 11 (14.5%), and 8 (10.5 %)
patients, respectively.

Mesenchymal-inflammatory syndrome was diag-
nosed based on increased erythrocyte sedimentation
rate (ESR), C-reactive protein, a- and g-globulin, fibrino-
gen levels; its manifestations were detected in 19 (25 %)
patients. Cholestatic syndrome detected in 7 (9.2%)
cases was determined with the increased alkaline phos-
phatase, y-glutamyl transpeptidase, and conjugated bili-
rubin levels.

To evaluate the histological activity, all patients
underwent the transcutaneous liver biopsy in the morn-
ing in the fasting condition under ultrasound guidance
with the 18G needle, obtaining the liver sample 1.5 mm
wide and > 1.5 cm long (the sample should have con-
tained at least six portal tracts). Biopsy specimens were
fixed in formalin, embedded in paraffin, and stained
with hematoxyline-eosin. All liver specimens were ana-
lyzed by the pathologist not knowing the clinical patient
characteristics.

Based on the histological activity index (HAI)
(R.J. Knodell et al., 1981), the morphological activity was
stratified into minimal (1-3 points), mild (4-8 points),
moderate (9-12 points), and severe (> 12 points), which
were detected in 19 (25.0 %), 34 (44.7 %), 14 (18.4 %), and 9
(11.9 %) cases, respectively. Liver fibrosis (V. Desmet et al.)
FO, F1, F2, F3, F4 was detected in 8 (10.5%), 20 (26.3 %),
18 (23.7%), 13 (17.1 %), 17 (22.4 %) cases, respectively.

The gender- and age-matched control group con-
sisted of 72 almost healthy persons.
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Table 1. Clinical characteristics of patients with CLD

| Parameters

Patients with CLD, n=76

Gender (women/men, n (%))

Age (years)

AST (u/l) (reference values: men 0-40 u/l, women 0-31 u/l)
ALT (u/l) (reference values: men 0-41 u/l, women 0-32 u/l)

GGT (u/l) (reference values: men 8-61 u/l, women 7-32 u/l)

Alkaline phosphatase (u/l) (reference values: men 40-130 u/l, women 36-106 u/l)

Total bilirubin (pmol/l) (reference values: 0-17 umol/l)
Conjugated bilirubin (umol/l) (reference values: 0-5 pmol/l)
ESR (mm/h) (reference values: men 2-10 mm/h, women 2-15 mm/h)
C-reactive protein (mg/l) (reference values: 0-5 mg/1)
Fibrinogen (g/1) (reference values: 2.2-3.97 g/1)

Albumin (g/1) (reference values: 34-48 g/1)

Prothrombin time (sec) (reference values: 9.1-12.1 sec)
Prothrombin index (%) (reference values: 90-105 %)

INR (reference values: 0.85-1.15)

Total cholesterol (mmol/l) (reference values: 0-5.17 mmol/l)
Platelets (x10°/1) (reference values: 150-400x10°/1)
Moderate/severe biochemical activity n (%)

Mesenchymal inflammatory syndrome n (%)

Cholestatic syndrome n (%)

27 (35,5) / 49 (64,5)
41,0 (31,0; 48,0)
43,0 (25,9; 81,0)
56,5 (28,0; 99,9)
51,0 (33,5; 95,5)

111,0 (70,0; 210,0)
15,9 (11,9; 25,45)
3,7 (3,0;7,1)
8,0 (5,05 12,0)
0,7 (0,2; 4,4)
2,63 (2,23; 3,55)
45,0 (42,0; 47,0)

16,19 (12,65; 17,45)
91,0 (88,0; 97,5)
1,13 (1,02; 1,2)
4,28 (3,75; 4,65)

187,5 (150,5; 238)
19 (25,0)
19 (25,0)

7(9,2)

Footnote: quantitative data are presented as Me (Q1; Q3), categorical data as n (%)

Abbreviations: ALT — alanine aminotransferase, AST — aspartic aminotransferase, CLD — chronic liver diseases, GGT — y-glutamyltranspeptidase, ESR — erythrocyte

sedimentation rate, INR — international normalized ratio

The study was approved by the Local Ethics Commit-
tee of the University (Protocol No. 100 dated 17/06/2020).

The immunoenzymatic method was used to detect
the blood levels of MMP-1 (RayBiotech, USA), MMP-9
(Bender MedSystems GmbH, Austria), MPTI-1 (Avis-
cera Bioscience, USA), with subsequent calculation of
MPTI-1/MMP-1 and MPTI-1/MMP-9 ratios.

The results were statistically processed (StatTech v.
3.1.7; StatTech LLC, Russia). Quantitative values with the
distribution other than normal are presented as medians
(Me) and the interquartile range (Q1; Q3). Differences
were detected using the Mann-Whitney test. Categori-
cal data presented as percentages (%) were evaluated
using the > test with Yates’ correction for continuity.
The Spearman rank correlation coefficient, odds ratio
(OR), and its 95% confidence interval (CI) were calcu-
lated. The following was calculated: sensitivity, speci-
ficity, positive and negative predictive value, accuracy.
The association of independent variables and the depen-
dent variable (HAI > 9 points) was analyzed using the
logistic regression analysis method. ROC analysis and

model informativity were evaluated using the area under
ROC curve. Differences were considered statistically sig-
nificant with p < 0.05.

Results

Patients with chronic liver diseases com-
pared to the control group had MPTI-1 (565 (478;
691) ng/mL and 387.5 (284.5; 482.0) ng/mL, p < 0.00001)
and MMP-1 (22 (12.75; 33.63) ng/mL and 4.95 (2.64;
14.25) ng/mL, p < 0.00001) in blood; MPTI-1/MMP-9
(3.02 (1.3; 6.7) U and 1.40 (0.95; 2.05) U, p = 0.00002)
were higher, while plasma MMP-9 levels (188.0 (95.15;
407.0) ng/mL and 320.0 (200.0; 362.0) ng/mL, p = 0.056)
and MPTI-1/MMP-1 (23.95 (15.0; 53.15) U and 67.90
(24.105139.85) U, p < 0.00001) were lower than in healthy
persons. The parameters analyzed did not depend on the
sex and age of persons in the study.

Changes in the matrix metalloproteinase system
parameters were unidirectional for the alcoholic and viral
CLD etiology, without statistically significant differences.
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Maximum MPTI-1, MPTI-1/MMP-1 and
MPTI-1/MMP-9 ratios, and minimum MMP-1 values
were reported in the patient group with the F4 fibrosis
vs. the FO-F3 fibrosis.

Blood MMP and MPTI levels in patients with CLD
were not associated with hepatitis B/C virus replication,
besides the direct correlation of serum MMP-9 values
with the HBV (r = 0.65; p = 0.004) and HCV (r = 0.39;
p =0.02) viremia level. Histological activity index param-
eters in CLD did not correlate with the HBV (r = 0.22;
p > 0.05) and HCV (r = 0.15; p > 0.05) viremia level.

Higher serum levels of aspartate (AST) and alanine
(ALT) aminotransferases, gamma-glutamyl transpep-
tidase (GGT), total bilirubin, higher ESR, international
normalised ratio (INR) levels, lower platelet count were
observed with the moderate and severe histological activ-
ity of liver diseases compared to the minimal one; mod-
erate/high cytolysis and mesenchymal inflammation syn-
dromes were also more common among the former ones.
In this patient group, blood MPTI-1 and MMP-9 levels
were higher, while the MPTI-1/MMP-9 ratio was lower
than in minimum morphological activity cases (Table 2).

Table 2. The relationship of markers of liver pathology and components

of the matrix metalloproteinase system with HAI

Patients with CLD, n=76

Parameters HAI <9 points, HAI 29 points, P Value
n=53 n=23

Gender (women/men, n (%)) 17 (32,1) / 36 (67,9) 10 (43,5) / 13 (56,5) p>0,05
Age (years) 40,0 (29,5; 44,0) 45,0 (35,05 47,0) p>0,05
AST (u/) (reference values: men 0-40 u/l, women 0-31 u/l) 39,9 (22,5; 55,5) 67,2 (28,05 95,0) p=0,016
ALT (u/l) (reference values: men 0-41 u/l, women 0-32 u/l) 49,0 (25,35; 66,95) 97,4 (39,0; 113,0) p=0,007
GGT (u/l) (reference values: men 8-61 u/l, women 7-32 u/l) 37,0 (21,5; 60,0) 91,0 (55,0; 107,2) p<0,001
Alkaline phosphatase (u/l) (reference values: men 40-130 u/l, women 36-106 u/1) 90,0 (68,5; 163,0) 210,0 (70,0; 210,0) p=0,061
Total bilirubin (umol/l) (reference values: 0-17 pmol/1) 15,0 (11,15; 18,5) 21,9 (14,0; 34,2) p=0,003
Conjugated bilirubin (umol/l) (reference values: 0-5 pumol/l) 4,0 (3,05 5,8) 3,0 (1,7; 5,0) p>0,05
ESR (mm/h) (reference values: men 2-10 mm/h, women 2-15 mm/h) 5,0 (4,5; 12,0) 9,0 (8,0; 9,0) p=0,013
C-reactive protein (mg/1) (reference values: 0-5 mg/1) 0,6 (0,2;2,4) 1,03 (0,2; 4,8) p>0,05
Fibrinogen (g/1) (reference values: 2.2-3.97 g/1) 2,6 (2,29; 3,5) 3,0 (1,7; 5,0) p>0,05
Albumin (g/1) (reference values: 34-48 g/1) 45,0 (42,05 47,0) 43 (40,5; 47,0) p>0,05
Prothrombin time (sec) (reference values: 9.1-12.1 sec) 15,9 (12,35; 17,0) 16,5 (13,05 17,2) p>0,05
Prothrombin index (%) (reference values: 90-105 %) 91,0 (88,05 97,5) 91,0 (79,0; 95,0) p>0,05
INR (reference values: 0.85-1.15) 1,1 (1,05 1,15) 1,17 (1,11; 1,3) p<0,001
Total cholesterol (mmol/l) (reference values: 0-5.17 mmol/l) 4,28 (3,75; 4,59) 4,28 (3,75; 4,54) p>0,05
Platelets (x10°/1) (reference values: 150-400x10°/1) 210 (143; 238) 161 (1045 172) p=0,008
Moderate/severe biochemical activity n (%) 9 (17,0) 10 (43,5) p=0,031
Mesenchymal inflammatory syndrome n (%) 9 (17,0) 10 (43,5) p=0,031
Cholestatic syndrome n (%) 3 (5,7) 4(17,4) p>0,05
TIMP-1 (ng/ml) 528,0 (429,05 621,0) 664,0 (564,0; 713,0) p<0,001
MMP-1 (ng/ml) 21,0 (13,88; 30,6) 25,3 (10,15 31,35) p>0,05
MMP-9 (ng/ml) 119,0 (73,65; 254,0) 576,0 (200,0; 790,0) p<0,001
TIMP-1/MMP-1 22,36 (14,89; 35,95) 25,4 (15,71; 36,4) p>0,05
TIMP-1/MMP-9 3,5 (1,9; 6,8) 1,2 (0,6; 2,8) p<0,001

Footnote: quantitative data are presented as Me (Q1; Q3), categorical data as n (%); criterion Yates’s chi-squared test, Mann-Whitney criterion
Abbreviations: ALT — alanine aminotransferase, AST — aspartic aminotransferase, CLD — chronic liver diseases, GGT — y-glutamyltranspeptidase, ESR — erythrocyte

sedimentation rate, HAT — histological activity index, INR — international normalized ratio, MMP — matrix metalloproteinase, TIMP — tissue inhibitor of matrix metalloproteinases
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Increased risk (IHA > 9 points) was associ-
ated with the following parameters: ESR >8 mm/h,
GGT = 538 U/L, INR = 1.11, total biliru-
bin > 20.5 pmol/L, ALT > 70.5 U/L, alkaline phospha-
tase > 189 U/L, AST = 53 U/L, platelet count < 187x10°/L,
as well as with moderate/high biochemical activity,
mesenchymal-inflammatory syndrome. Blood MPTI-1
levels > 554 ng/mL, MMP-9 levels > 410 ng/mL, and
MPTI-1/MMP-9 ratio < 1.59 U were also associated
with the increased risk of significant inflammation. The
most optimal area under curve was detected in cases of
MMP-9 levels > 410 ng/mL (0.82+0.05), GGT = 53.8 U/L
(0.81£0.05), MPTI-1 > 554 ng/mL (0.74+0.06),
MPTI-1/MMP-9 < 1.59 U (0.74+0.06), INR > 1.11
(0.73£0.06). Sensitivity and specificity values for the
aforementioned parameters were as follows: MMP-9 —
60.9% and 92.5 %, GGT — 91.3 % and 69.8 %, MPTI-1 —
87.0% and 58.5 %, MPTI-1/MMP-9 — 60.9 % and 83.0 %,
INR — 87.0 % and 54.7 %, respectively (Table 3).

The multivariate regression analysis was arranged to
detect the most significant factors associated with mod-
erate and high histological activity (HAI = 9 points).
It included 13 factors (AST, ALT, GGT, total biliru-
bin, alkaline phosphatase, ESR, INR values, platelet
count, moderate/high biochemical activity, mesen-

chymal inflammatory syndrome, blood MMP-9 and
MPTI-1 levels, MPTI-1/MMP-9 ratio) which were asso-
ciated with a high risk of severe morphological hepatic
changes based on the univariate analysis.

According to the multivariate analysis results, asso-
ciation with HAI > 9 points was detected for param-
eters of the MPTI-1/MMP-9 ratio (OR 0.554; 95%
CI (0.380-0.809), p = 0.002), GGT (OR 1.016; 95%
CI (1.006-1.024), p = 0.001), INR (OR 1.079; 95%
CI (1.028-1.132), p = 0.002). The odds of moder-
ate/severe histological activity decreased 1.805-fold with
MPTI-1/MMP-9 increase by 1 U and increased 1.016-
fold with GGT increase by 1 U/L, 1.079-fold with INR
increase by 1.

The association observed was described by the fol-
lowing equation:

2=-9.077 = 0.590 X X o | vivipo T
+0.015 x X .. +7.599 x X

INR?

where z is the value of the logistic regression func-
tion; X is a value of the MPTI-1/MMP-9 ratio

MPTI-1/MMP-9
(U); Xy is a value of the GGT activity (U/L); X, is

INR
the INR value; -9.077 is a regression constant; —0.590;
0.015; 7.599 are regression coeflicients for corresponding

variables.

Table 3. Diagnostic significance of liver pathology markers and components
of the matrix metalloproteinase system in the detection of HAI 29 points

| Parameters | oroswcy | aucouzse) [ se@) | sp@) | PPV (%) |NPV (%) | Ac(0) |
AST 253.0 u/l 4’S=(1)”2';33 és ) szsoi)g’g 65,2 71,7 50,0 82,6 69,7
ALT 270.5 u/l 6’32%”%)_015,}7) 0;;6:8(;_:8)1(;7 65,2 77,4 55,6 83,7 73,7
GGT 253.80 u/l 24’;:(31(1)-01(;16’1) Or,iloi:(())(,)()IS 91,3 69,8 56,8 94,9 76,3
Alkaline phosphatase >189 u/l 5’;363359’3) 01;6:401?8;097 60,9 77,4 53,8 82,0 72,4
Total bilirubin >20.5 pmol/l 7’?)30”%_023;12) 0;)1001:8’0076 65,2 79,2 57,7 84,0 75,0
ESR 28 mm/h 61’(;(:3(’)?(;;?1577’0) 0{)6:60%(());067 100 56,6 50,0 100 69,7
INR >1.11 8’;2%’1)_33{4) 0&13;86026 87,0 54,7 45,5 90,6 64,5
Platelets <187x10°/1 4’31;)116?(_)1)28,7) 012)6:701:8’1%7 73,9 60,4 44,7 84,2 64,5
Modeate/severe biochemical activity 3’§£10’i)_1171;2) 01;6:201: g’l(;7 43,5 83,0 52,6 77,2 71,1
Mesenchymal inflammatory syndrome 3’?)30’)30_117152) 0{)6:2; 8’1(;7 43,5 83,0 52,6 77,2 71,1
TIMP-1 2554 ng/ml 9’39;2:’32_;15)55) 01:;7:4;86016 87,0 58,5 47,6 91,2 67,1
MMP-9 2410 ng/ml 19)0§£f):10_511)27) Or’iz()i,(())(’)(is 60,9 92,5 77,8 84,5 82,9
TIMP-1/MMP-9 <1,59 7’6p(:2£g(_)%23’9) O£)7<40J_t86016 60,9 83,0 60,9 83,0 76,3

Abbreviations: Ac — accuracy, ALT — alanine aminotransferase, AST — aspartic aminotransferase, AUC — area under the ROC curve, CI — confidence interval, GGT —
y-glutamyltranspeptidase, ESR — erythrocyte sedimentation rate, HAT — histological activity index, INR — international normalized ratio, MMP — matrix metalloproteinase,
NPV — negative predictive value, OR — odds ratio, PPV — positive predictive value, Se — sensitivity, Sp — specificity, TIMP — tissue inhibitor of matrix metalloproteinases
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The probability of HAI > 9 points is calculated
using the formula: p = 1: (1 + e*), where e is the base
of the natural algorithm (2.72), p is the probability of
HAI > 9 points.

The p threshold in the cut off point was 0.457.
HAI > 9 points was predicted with p over or equal to
this value. Parameters of the diagnostic significance for
p = 0.457 were as follows: sensitivity — 82.6 %, specific-
ity — 92.5%, positive predictive value — 82.6 %, nega-
tive predictive value — 92.5 %, accuracy — 89.5%. The
regression model was statistically significant (p < 0.001),
with area under ROC-curve of 0.911+0.043 (95% CI:
0.828-0.995), which proved an excellent model quality.

Discussion

Thus, chronic liver diseases are accompanied by
increased blood MMP-1, MPTI-1 levels, and the
MPTI-1/MMP-9 ratio, with decreased MPTI-1/MMP-1
levels. Based on our data, the matrix metalloprotein-
ase system plays an important role in the development
of necroinflammatory lesions in hepatic diseases. Thus,
moderate and significant morphological activity of
chronic liver diseases was associated not only with cytol-
ysis, inflammation, and cholestasis markers, INR values,
and platelet count, but also with increased serum MPTI-1,
MMP-9 levels and decreased MPTI-1/MMP-9 ratio.

Older age, higher ALT, AST, GGT, alkaline phos-
phatase, prothrombin time, INR values, lower albumin
levels and platelet count were typical for patients with
chronic viral hepatitis and significant inflammation that
was confirmed morphologically [15]. Severe hepatic
inflammation during the HBV infection was associated
with the increased rate of the male sex, HBeAg positiv-
ity, increased total bilirubin, ALT, AST, alkaline phos-
phatase, GGT, prothrombin time, INR, viremia, mean
platelet volume and mean corpuscular volume vales, as
well as with low albumin levels, platelet and white blood
cell counts [16, 17, 18, 19]. It is presumed that the Golgi
73 protein, antibodies to the core hepatitis B antigen,
globulins, and red blood cell distribution width (RDW)
are associated with the histological activity of chronic
liver diseases; however, their predictive values have not
been validated [19-22].

Aminotransferase parameters are widely used in
routine practice for the indirect evaluation of hepatic
inflammation in chronic hepatitis; however, their corre-
lation with the process activity is limited by the effects
of various factors [16, 23]. It is considered that AST
better predicts inflammatory changes in the liver (due to
slower excretion and mitochondrial damage associated
with severe inflammation), but ideal values for the cutoff
point have not been defined. Besides, the predictive ami-
notransferase value is negatively affected by periodic
fluctuations of their levels.

The association of platelets with lesion and inflamma-
tion severity in liver diseases is based on the participation

in white blood cell recruitment and accumulation
(CD8+ T-cells) in parenchyma; interaction with Kupfer
cells mediated by the von Willebrand factor-GP1b com-
plex; ability to preserve viruses from degradation or, vice
versa, to present them to immune cells; sinusoidal blood
flow modulation due to the secreted serotonin [24].

MMP-1 plays a role in the regression of inflammation,
fibrosis, and liver regeneration, cleaving collagen and pro-
teoglycans, interleukin-1p, and tumor necrosis factor-a,
activating MMP-2 and -9, participating in the white
blood cell migration, facilitating the molecule release
from storage pools. In liver diseases, MMP-1 is expressed
predominantly by stellate and inflammatory cells [9, 25,
26]. Blood MMP-1 levels increased in chronic hepatitis
C [27]; however, some data demonstrate its generally
decreased levels in CLD [13], including in the setting of
viral, alcoholic hepatitis, and cirrhosis, as well as in late
stages of the primary biliary cholangitis [28]. One cannot
exclude the presence of normal serum MMP-1 levels
in alcoholic and non-alcoholic fatty liver disease, early
stages of primary biliary cholangitis [28, 29].

MMP-9 is secreted by endotheliocytes, Kupfer cells,
white blood cells, and macrophages [28, 30]. It destroys
type IV collagen, elastin, fibronectin, increases the per-
meability and white blood cell extravasation and infil-
tration, promotes inflammation, impairs liver regen-
eration [30]. MMP-9 expression and activity increased
with ischemic-reperfusion damage, chronic hepatitis C,
alcoholic liver [9, 27]. Blood MMP-9 levels increased
in acute alcoholic intoxication [31], chronic hepatitis B
[32]. In other studies serum MMP-9 levels decreased in
viral or alcoholic hepatitis and cirrhosis, primary biliary
cholangitis [28], but were normal in alcoholic or non-
alcoholic fatty liver disease [28, 29].

Several studies demonstrated increased serum levels of
several matrix metalloproteinases in liver diseases associ-
ated with the increased histological activity [12, 14]. Blood
MMP-7 levels or its expression in the biliary epithelium
directly correlated with morphological signs of inflamma-
tion in primary sclerosing cholangitis and biliary atresia
[14]. MPTIs expressed by stellate cells and macrophages
also negatively affect the inflammation severity [33].
Thus, MPTI-1 hyperexpression is an indicator of stellate
cell activity, which is associated with necroinflammatory
changes in the liver [34]. With that, one cannot exclude
negative correlation or the absence of association of serum
matrix metalloproteinase values and their inhibitors with
the hepatic inflammation severity. Blood MMP-1 levels in
children or adults with liver diseases did not depend on
the morphological activity degree [12, 13].

Currently, non-invasive markers reflecting the inten-
sity of hepatic inflammation are almost lacking. The
multivariate regression analysis has demonstrated that
increased GGT activity, INR values, and decreased
MPTI-1/MMP-9 ratio had independent effects on the
development of moderate and severe histological activity
(HAI = 9 points).
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Prior logistic regression data established that combi-
nations of GGT and prothrombin time with the alkaline
phosphatase activity [15], ALT and HBV viremia levels
[17] or AST and anti-HB core levels [16] were indepen-
dent predictors of significant inflammation in chronic
viral hepatitis B. Prognostic models developed based
on these parameters evaluated the hepatic inflamma-
tion (= G2) with moderate sensitivity (61.0-80.8 %) and
specificity (60.8-84.2 %) (area under ROC curve 0.714-
0.767) [15, 16, 17]. Besides ALT, AST, and GGT activ-
ity, platelet count and HBsAg levels in blood [18], RDW,
platelet count, and albumin levels [19] had significant
effects on inflammation severity in HBV infection. Based
on the multivariate regression analysis, necroinflamma-
tion predictors in autoimmune hepatitis included Golgi
73 protein and GGT levels in blood, while in patient with
primary biliary cholangitis those included serum Golgi
73 protein, alkaline phosphatase, IgM levels, and the
platelet count [21].

Being a microsomal enzyme of hepatic ductal and
canalicular epithelium, GGT controls the metabolism
of glutathione, the main antioxidant molecule in cells.
In this aspect, the association of GGT with the inflamma-
tion severity is caused by the modulating enzyme effects
on the pro-oxidant activity and endothelial dysfunction
[35], which plays some role in hepatic injury and inflam-
mation [36, 37]. It is proposed that unlike ALT, GGT is a
more sensitive marker of necroinflammatory changes in
chronic liver diseases [16].

The association of increased INR levels with the
CLD activity detected in our study is caused the ability
of inflammation and cellular necrosis to cause the acti-
vation and consumption of blood coagulation factors.
On the other hand, activated coagulation proteases may
modulate the inflammatory activity with receptors on
mononuclear or endothelial cells, on platelets, altering
the production of pro-inflammatory cytokines, adhesins,
or causing the apoptosis of inflammatory cells. Besides,
the prolonged prothrombin time (and INR, respec-
tively) reflects the impaired synthetic hepatocyte func-
tion worsened by the severity of inflammatory hepatic
lesions [16].

The detected predictive significance of decreased
MPTI-1/MMP-9 ratio (with MMP-9 prevailing over
MPTI-1) regarding the histological activity is based on
the ability of MMP-9 produced by immune cells (among
others) to impair regeneration processes, enhance the
parenchymatous inflammation due to the activation of
pro-inflammatory cytokines and enhanced white blood
cell migration. It is presumed that MMP-9 reflects the
inflammatory process in the liver more than fibrogen-
esis [28]. Thus, in ischemic-reperfusion liver injury
MMP-9 provided extravasal white blood cell migration
and promoted inflammation [11].

Thus, the imbalance in the matrix metalloprotein-
ase system is associated with the morphological activ-
ity in chronic liver diseases in the form of MMP-9

hyperproduction associated with enhanced inflamma-
tion severity. The inclusion of risk factors (GGT, INR,
MPTI-1/MMP-9) into a simple mathematical model
facilitates the personified prediction of moderate/severe
activity in patients with chronic liver diseases.

Conclusion

The study has demonstrated that increased
GGT and INR parameters, as well as decreased
MPTI-1/MMP-9 ratio values are independent predic-
tors of moderate/severe inflammation in chronic liver
diseases. Their association with the inflammation
severity is related to the effects on endothelial dysfunc-
tion, activity of proinflammatory cytokines, migra-
tion of immune cells into the hepatic parenchyma. The
combination of GGT, INR, and MPTI-1/MMP-9 is of
high significance in the diagnosis of histological activ-
ity index > 9 points; thus, it can be used in chronic
liver diseases as a non-invasive marker of significant
inflammation.
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