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INTRODUCTION 
Recently, the role of glycan-lectin interactions in the 
formation of cooperation between the human body and 
the microorganism is becoming increasingly valuable. The 
focus is on the lectin families, galectins, and the diverse 
role that these glycan-binding proteins play in a number 
of viral infections, including viral hepatitis C. 

The main role of galectin-9 in the persistence of 
hepatitis C virus (HCV) is that it infects hepatocytes 
and induces their death. Thus, the cell expresses 
phosphatidylserine molecules on the outer surface of 
the membrane. When the cell is apoptotic, it presents 
phosphatidylserine on the outer membrane of the cell, 
which is used as a ligand by phagocytic cells (monocytes/
macrophages) through such  receptors as integrin [1, 2]. 
These phosphatidylserine molecules are then recognized 
by expressed integrins represented by Kupffer cells, which 
are CD14 + macrophages in the liver. These cells then 
release galectin-9, which activates natural killers cells 
(NK cells) through a receptor that is still unknown. NK 
cells lyse, on the one hand, CD4 + T-leukocytes, and CD8 
+ remain there, which contributes to the preservation of 
the virus. On the other hand, NK cells lyse hepatocytes, 

thereby enhancing apoptosis, Kupffer cell activation, and 
galectin-9 production. [3].

It was found that CGal-9 was increased in the blood and 
liver of patients with CVHC. The accumulation of this 
lectin localized in Kupffer cells in high concentrations is 
characteristic of patients infected with HCV. Galectin-9 
induces apoptosis of antigen-specific T cells by increasing 
the number of inhibitory T-regulatory cells. This 
proves that CVHC can stimulate chronic activity of 
galectin-9 (in combination with Tim-3), which leads 
to immune suppression and chronicity of the process 
[4]. Understanding the connection between galectin-9 
concentrations and clinical and laboratory data may 
improve our knowledge of the effects of the described 
mechanisms on the course of CVHC.

THE AIM
To establish the dependence of the concentration of 
galectin-9 in the serum of patients with CVHC on the type 
of AVT, clinical, hematological, biochemical, autoimmune 
and integrative parameters, non-invasive methods for 
assessing the degree of liver fibrosis.
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ABSTRACT
The aim: To establish the dependence of the concentration of galectin-9 (CGal-9) in the serum of patients with chronic viral hepatitis C (CVHC) on the type of antiviral therapy 
(AVT), clinical-laboratory, autoimmune and integrative parameters, non-invasive methods of assessing the degree of fibrosis.
Materials and methods: CGal-9 in serum were determined in 68 patients with CVHC and 20 healthy individuals, and clinical-laboratory and integrative parameters, non-
invasive methods for assessing the degree of fibrosis were studied.
Results: There were three groups: baseline (I), pegylated interferon (PEG-IFN) with ribavirin (II), velpatasvir with sofosbuvir (III). In pations from group I, compared with healthy 
people, CGal-9 was 1.7 times higher (p <0.05); in patients from group II it was 4.2 times higher (p<0.05); in patients from group III it did not differ from healthy individuals. 
All patients had a directly proportional correlation between CGal-9 and the frequency of splenomegaly detection;  in patients who did not receive AVT, directly proportional – with 
De Ritis ratio, non-invasive methods of liver fibrosis, inversely proportional – with platelet count (p<0,05). There was a higher probability of positive indicators of antinuclear 
antibodies (ANA) at 12 weeks of treatment with PEG-IFN and ribavirin, with higher CGal-9 at 4 weeks of AVT (p<0,05).
Conclusions: Correlations between CGal-9 and the frequency of splenomegaly detection, platelet count, De Ritis ratio, degree of lever fibrosis in correlation with METAVIR, 
APRI, FIB-4, ANA, NI were determined. The possibility of predicting the occurrence of splenomegaly, liver cirrhosis and positive ANA in patients with CVHC has been proven.
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MATERIALS AND METHODS
In order to carry out the study, CGal-9 in serum was 
detected in 88 patients (68 patients with CVHC and 20 
healthy individuals). The infected patients were treated 
at the municipal non-commercial enterprise of Sumy 
Regional Council «Medical Clinical Center of Infectious 
Diseases and Dermatology named after Z.Y. Krasovytskyi”, 
and their medical records of inpatients and outpatients 
were analyzed. Healthy individuals underwent a routine 
medical examination at the University Clinic of Sumy 
State University.

All patients were divided into 3 groups, depending on 
the treatment received: baseline therapy (pathogenetic 
and symptomatic) – 20 people (group I), PEG-IFN 
in combination with ribavirin – 24 people (group II), 
velpatasvir with sofosbuvir – 24 persons (III group). The 
concentration of galectin-9 for group I was determined at 
hospitalization, for groups II and III – after 4 weeks of АVТ.

Patients underwent clinical blood tests (Elite 3, 
CobasMicros), biochemical blood tests (ChemWell, 
COBASEMira) prior to and at 4 and 12 weeks of AVT. 
Polymerase chain reaction (PCR) in order to verify the di-
agnosis, establish the genotype of the virus and determine 
fibrosis using FIBROTEST (METAVIR) was performed in a 
commercial laboratory “Synevo”. General integrative indices 
(integral severity index – ISI, entropy of leukocyte formula), 
indices of nonspecific reactivity (resistance coefficient – RC, 
immunoreactivity index – IR, neutrophil-lymphocyte ratio 
– NLR, lymphocyte-monocyte ratio – LMR, lymphocyte 
index – Ilymph, eosinophils-lymphocytes ratio – ELR, index 
of allergization – IA, nuclear index – NI); indexes of activity 
of inflammation (total index of inflammation – TII, Krebs 
index – KI, lymphocytic-granulocytic index – ILG, index of 
leukocyte and ESR ratio – ILESR), indexes of intoxication 
(leucocyte intoxication index – LII, aggression index – Iagr, 
hematological index of intoxication – HII, leukocyte shift 
index – LSI, index of intoxication severity – IIS, neutrophil 
reactive response – NRR) were calculated [5, 6, 7].

APRI was calculated for all infected (AST to Platelet 
Ratio Index = (AST × 100/ (upper limit of AST) × platelets 
(109/l)) and FIB-4 (Fibrosis-4 Index for Liver Fibrosis = 
(age) × AST/(platelets (109/l) × sqrt (ALT)).

The level of galectin-9 was determined by enzyme-
linked immunosorbent assay type «sandwich» according 
to the protocol to the set «Human Calectin-9 ELISA 
Kit (ab213786)». Patients’ serum was diluted twice. 
After preparation of all reagents, samples and standards 
according to the instructions, 100 μl of standard was added, 
incubated at 37° C for 90 min. Then 100 μl of biotinylated 
antibody was added to all wells, incubated at 37° C for 60 
min. After that, each well was washed three times with 300 
μl of 0.01 TBS. 100 μl of ABC working solution was added 
and incubated at 37° C for 30 minutes. Later on, each well 
was washed five times with 300 μl of 0.01M TBS, 90 μl of 
prepared TMB was added, and incubated at 37° C in the 
dark for 25 min. Then stop solution TMB 100 μl was added 
and read by ELISA (Thermo Scientific Multiskan FC) at 
450 nm for 30 minutes.

Collection, adjustment, systematization of source 
information and visualization of the results were performed 
in spreadsheets of Microsoft Office Excel 2016. Statistical 
analysis was carried out using IBM SPSS Statistics v.23 
(IBM Corporation).

Quantitative indicators were evaluated for compliance with 
the normal distribution, using the Shapiro-Wilk test. The 
study materials were subjected to statistical processing using 
non-parametric analysis methods. Quantitative indicators 
were described using the values   of the median (Me), lower and 
upper quartiles (Q1-Q3). The Mann-Whitney U-test was used 
to compare independent populations in the absence of signs of 
normal data distribution. Pearson’s χ2-test was used to compare 
nominal variables. When establishing correlations between two 
quantitative traits, the Spearman correlation coefficient was 
calculated. To establish the relationship between qualitative 
and quantitative values, a ROC analysis was performed to 
determine AUROC. The significance of the criteria was 
considered reliable at p <0.05.

The research was performed in compliance with inter-
national and national legislation on ethics in accordance 
with the requirements of the law of Ukraine on September 
23, 2009 № 690 “On approval of the procedure for clinical 
trials of drugs and examination of clinical trial materials 
and standard regulations of the ethics commission.” The 
design of the study was approved by the commission on 
bioethics in conducting experimental studies of the Med-
ical Institute of Sumy State University. All patients and 
healthy individuals in the control group received informed 
consent to participate in the study in accordance with the 
Helsinki Declaration of the World Medical Association 
“Ethical principles of medical research with human par-
ticipation as the object of study.”

RESULTS 
Among all patients, men predominated (61.76%) compared 
with women (38.24%). The distribution by gender was even 
in the groups (I – 65.00% of men and 35.00% of women, 
II – 66.67% and 33.33% respectively, III – 54.17% and 
45.83%). Young people predominated (respectively, group 
I – young – 60.00%, middle – 35.00%, elderly – 5.00%; II 
– young – 79.17%, middle – 20.83%; III-young – 58 , 33%, 
average – 33.33%, elderly – 8.33%).

By genotype, patients with CVHC were evenly distributed: 
1b (group I – 55.00%, II – 50.00%, III -54.17%) and 3a 
genotype (group I – 45, 00%, ІІ – 50,00%, ІІІ -45,83%). 
The degree of fibrosis F2 prevailed according to METAVIR 
(group I – 30.00%, II – 37.50%, III – 37.50%), 1.6 times less 
people with fibrosis F0 (22, 06%; I – 25.00%, II – 25.00%, 
III – 16.67%), 2.0 times less patients with F1 (17.68%; I – 
10.00%, II – 20.83%, III – 20.83%) and 2.7 times less often 
with F4 (13.24%; I – 20.00%, II – 8.33%, III – 12.50%) and 
in 3.0 – with F3 (11.76%; I – 15.00%, II – 8.33%, I -12.50%).

Most patients had minimal activity (80.88%; I – 85.00%, 
II – 70.83%, III – 87.50%), which is 4.2 times more than 
patients with moderate activity (19.11% ; I – 15.00%, II – 
29.17%, III – 12.50%).
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Clinical signs were dominated by asthenovegetative 
syndrome, severity of right hypochondrium and enlarged 
liver. All groups were representative of comorbidities. 
Diagnosed with diseases of the gastrointestinal tract 
(I – 20.00%, II – 29.17%; III – 25.00%), heart failure (I 
– 10.00%, II – 16.67%, III – 12, 50%), secondary arterial 
hypertension (I – 5.00%, II – 12.50%, III – 8.33%), 
metabolic cardiomyopathy (I – 0.00%, II – 12.50%, III – 
4,17%), coronary heart disease (I – 10.00%, II – 8.33%, III – 
8.33%), cardiofibrosis (I – 10.00%, II – 8.33%, III – 8.33 %), 
hypertension (I – 15.00%, II – 4.17%, III – 4.17%), diabetes 
mellitus (I – 5.00%, II – 4.17%, III – 4.17 %), obesity (I – 
5.00%, II – 4.17%, III – 4.17%), heart rhythm disorders (I 
– 0.00%, II – 4.17%, III – 4.17 %), cardiac disorders about 
idnosti (I – 5,00%, II – 0,00% and III – 4.17%).

Among the hematological parameters in all groups of 
patients with CVHC there was a decrease in the number 
of platelets, compared with healthy individuals (healthy 
individuals – 234.50 (196.75-270.00) x 109/l, I – 197.00 
(132.25 -234.75) x 109/l, II – 176.00 (143.50-217.75) x 109/l, 
III – 178.50 (146.75-231.50) x 109/l) (p <0.05).

After 4 and 12 weeks of AVT in patients receiving PEG-
IFN and ribavirin, the number of leukocytes continued to 
decrease (before AVT – 4.68 (4.33-5.49) x 109/l, 4 weeks – 
3.40 3.20-3.90) x 109/l, 12 weeks – 3.22 (2.75-4.55) x 109/l), 
erythrocytes (respectively 5.09 (4.56-5.34) x 1012/l; 4.35 
(4.11-4.92) x 1012/l; 4.06 (3.62-4.44) x 1012/l), hemoglobin 
content (respectively 149.50 (136.00 -159.25) g/l, 130.00 
(124.25-136.75) g/l, 117.50 (111.00-131.50) g/l), platelets 
(respectively 176.00 (143, 50-217.75) x 109/l, 150.50 (128.00 
-173.00) x 109/l, 143.00 (122.75-159.50) x 109/l) (p <0, 05). 
The percentage of segmental neutrophils decreased at 4 
weeks (40.00 (31.25-43.50)) compared to the values before 
the onset of AVT (47.00 (38.25-57.75)), but at 12 weeks 
their number increased ( 44.00 (38.00-47.75)) (p <0.05). 
Also at 4 weeks the content of monocytes increased (from 
6.50 (6.00-9.75) to 10.00 (8.00-11.00)) and ESR (from 
5.00 (3.25-7.00) ) mm / h to 13.50 (6.00-17.00) mm / h) 
(p <0.05), with 12 weeks the level of monocytes did not 
change (9.00 (7.00-12.00)), and ESR accelerated (18.00 
(7.50-24.75) mm / h) (p <0.05).

Among patients receiving sofosbuvir and velpatasvir, 
only the leukocyte formula changed at 4 weeks of AVT: 
segmental neutrophil counts decreased (from 51.50 (48.00-
55.75) to 47.50 (39.25-53.25)) and ESR increased (from 6.00 
(5.00-9.75) mm / h to 12.50 (7.25-19.50) mm / h) (p <0.05) 
at 12 weeks. AVT decreased the number of erythrocytes 
compared with 4 weeks (from 4.63 (4.14-5.03) x 1012 / l to 
4.20 (3.98-4.33) x 1012 / l) and hemoglobin (from 141.50 
(134.50-153.75) g / l to 134.00 (126.00-140.00) g / l), the 
number of platelets increased from 182.50 (152.00-247.50) 
x 109 / l to 193.50 (159.00-208.25) x 109 / l) (p <0.05).

In all groups of patients with CVHC there was an increase 
in the activity of ALT, AST, GGTP, alkaline phosphatase 
(AlPh) in the biochemical analysis of blood compared 
with healthy individuals (p <0.05). At 4 and 12 weeks 
of AVT in groups II and III there was a decrease in ALT 
(II – before the AVT – 77.50 (36.00-121.75), 4 weeks – 

48.00 (29.25-82.00), 12 weeks – 24.00 (16.00-43.50), III 
– respectively 65.00 (44.25-106.00), 24.00 (20.00-41.75), 
22.50 (19 , 00-33.50)); AST (II – before the onset of AVT 
– 56.00 (36.00-75.25), 4 weeks – 41.50 (27.75-53.00), 
12 weeks – 29.00 (21.50- 39.00), III – respectively 54.50 
(39.25-62.00), 24.00 (20.25-29.75), 24.50 (21.00-33.75))  
(p <0.05). Patients with the interferon-containing scheme of 
AVT experienced GGT a decrease (before the beginning of 
AVT – 40.00 (22.50-66.25), 4 weeks – 32.00 (24.00-60.00),  
12 weeks – 24.00 (20.25-33.00)), and in patients receiving 
DAAs for 4 weeks an increase (from 36.00 (24.25-53.25) 
to 44.50 (28.50-64.00)), and a decrease again by 12 (33.00 
(21.00-72.75)) (p <0.05). Total bilirubin in infected of 
group II at 4 weeks increased (from 15.05 (9.53-27.20) 
μmol / l to 25.10 (15.45-29.25 (μmol / l)), and at 12 weeks 
decreased (15.20 (12.18-22.23) μmol / l), while in patients 
with group III bilirubin levels at 4 and 12 weeks gradually 
decreased (by the onset of AVT 19,45 (15,40-24,83) μmol /  
l, 4 weeks – 14,85 (9,75-17,95) μmol / l, 12 weeks – 14.00 
(12, 33-19.38) μmol / l (p <0.05).

The dynamics of changes in integrative indicators had both 
common trends and differences in patients treated according 
to different schemes. Patients who received interferon-
containing AVT at 4 and 12 weeks of treatment, compared 
with data before treatment, had increased value of ISI (before 
AVT – 13.82 (13.64-14.16), 4 weeks – 14.91 (13.90- 15.62), 12 
weeks – 15.48 (14.13-16.36)), decreased entropy of leukocyte 
formula at 4 weeks (from 26.12 (19.09-33.90) to 22.15 (20, 
79-23.70), p <0.05). In patients treated with velpatasvir and 
sofosbuvir for 4 weeks, only the value of ISI increased from 
13.95 (13.82-14.41) to 14.76 (14.10-15.62), p <0.05).

Among the indices of nonspecific reactivity in patients 
from group II at 4 weeks was observed increased RC (from 
0.67 (0.53-0.82) to 1.12 (0.94-1.63)), Ilymph (from 0.63) 
0.46-0.92) to 1.02 (0.86-1.43), NI (from 0.05 (0.04-0.08) to 
0.12 (0.07-0.17)), but at 12 weeks decreased compared to 
the previous value and normalized – RC (0.90 (0.74-1.26)) 
and Ilymph (0.78 (0.66-1.09))) (p <0.05) At the same stage 
in these patients decreased LMR (from 7.39 (5.29-9.42) to 
4.45 (3.85-5.69)) and ELR (from 0.06 (0.03) -0.11) to 0.02 
(0.00-0.04)) (p <0.05). In patients of group III at 4 weeks 
increased CR (from 0.67 (0.53-0.82)) to 0.85 (0.57-1.13)), 
IR (from 4.94 (3.57-7.35) to 5.92 (4.50-9.45)), ELR (from 
4 , 65 (3.44-7.10) to 5.67 (3.83-9.09)), but at 12 weeks these 
integrative indicators decreased (respectively 0.66 (0.56-
0.75); 3.74 (2.79-4.94); 3.48 (2.69-4.88)) (p <0.05 ).

The dynamics of changes in the indices of inflammatory 
activity was the same in groups II and III: at 4 weeks of AVT 
increased ILG (II – from 6.06 (4.54-8.71) to 9.77 (8.24-
13.90), III – from 6.02 (4.70-7.42) to 7 , 45 (5.29-10.11)); IL 
ESR (II – from 1.69 (1.00-2.87) to 6.01 (2.54-8.17); III – from 
2.08 (1.56-3.26) to 4, 71 (2.66-7.11)), and decreased only KI 
(II – from 1.59 (1.08-2.18) to 0.98 (0.70-1.16); III – from 1.64 
(1.29-2.08) to 1.26 (0.92-1.80)) (p <0.05). At 12 weeks of AVT 
in these patients was observed on the contrary decrease in 
ILG (II – up to 7.42 (6.56-10.90); III – up to 5.74 (4.92-6.86)) 
and increase in KI (II – up to 1, 27 (0.92-1.51); III – up to 
1.63 (1.43-1.96)) compared with 4 weeks (p <0.05).
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Indices of endogenous intoxication in patients receiving 
interferon-containing AVT changed as follows: at 4 weeks 
decreased LSI (from 1.34 (0.93-1.76) to 0.83 (0.59-1.00)), 
NRR (from 3 , 66 (2.02-11.88) to 2.50 (0.00-4.97)), but at 
12 weeks increased LSI (up to 1.07 (0.79-1.26)), NRR to 
3.05 (0.00-11.59)), IIS (from 0.20 (0.12-0.23) to 0.37 (0.12-
0.62)). At patients on the interferon-free scheme at 4 weeks 
of changes in comparison with the beginning of treatment 
did not occur, and at 12 weeks in comparison with 4 weeks 
the level of LII increased (from 0,44 (0,28-0,78) to 0,83 
(0,45- 1.23)), Iagr (from 0.59 (0.39-1.04) to 1.16 (0.59-
1.63)), HII (from 0.52 (0.28-0.87)) to 0.98 (0.45-1.56)), IIS 
(from 0.28 (0.12-0.55) to 0.63 (0.22-1.19)).

The level of galectin-9 was determined in all patients. 
In patients who did not receive AVT, the concentration of 
galectin-9 was 1.7 times higher than in healthy individuals 
(Table I). The amount of galectin-9 in individuals receiving 
interferon-containing AVT was 4.2 times higher than in 
healthy patients; 3.3 times higher than those who received 
DAAs; and 2.4 times higher for patients who did not receive 
AVT. Among patients receiving DAAs, galectin-9 levels did 
not differ from healthy individuals, but tended to decrease 
compared with patients without AVT.

In CVHC patients who did not receive AVT, as well as 
in healthy individuals, no correlation was found between 
galectin-9 concentration and age, gender, and between 
genotype and process activity (p> 0.05).

According to the results of ROC-analysis among all 
clinical data in patients with CVHC, the highest diagnostic 
value was established to determine the presence of 
splenomegaly from the level of galectin-9 (AUC = 0.944 
(p <0.05)) (Fig. 1). To verify the presence of splenomegaly 
we determined the limit level of galectin-9 in the serum 
(cut of value). Thus, the cut-off level of lectin was 
4829 pg / ml (sensitivity (Se) – 100%, specificity (Sp) – 
88.9%). According to all other clinical data, no reliable 
asymptomatic significance was obtained (p> 0.05).

Among patients treated with PEG-IFN and ribavirin during 
ROC analysis of autoimmune parameters (ANA, AMA, 
ATPO, ATTG) and lectin levels, it was found that the higher 
the level of galectin-9 at 4 weeks of AVT, the greater probability 
of detecting positive ANA at 12 weeks of treatment (AUC = 

0.773 (p = 0.032)) (Fig. 2). The cut-off threshold for CGal-9 
was 8360 pg / ml (Se – 75.0%, Sp – 68.7%).

When calculating the correlations between the level 
of galectin-9 and hematological parameters in healthy 
individuals, an inversely proportional connection was 
found between the level of lectin and the number of rod-
shaped neutrophils (Table II). In patients not receiving 
AVT, an inverse correlation was observed between 
galectin-9 concentration and platelet count. The same cor-
relation was observed in patients receiving an interferon-
containing regimen after 4 weeks of treatment, but no 
correlation was observed between these values   at 12 weeks 
after the onset of AVT. Between the amount of galectin-9 
at 4 weeks of AVT and the neutrophil count at 12 weeks of 
AVT revealed an inversely proportional relationship, and a 
direct relationship between the level of lectin and basophils.

Among CVHC patients who did not receive AVT, a 
directly proportional correlation was found between the 
concentration of galectin-9 and the De Ritis ratio (+0.448, 
p = 0.048), and the tendency to correlate between these 
indicators in healthy individuals (+0.391, p = 0.088), 
which may indicate a significantly higher hepatocellular 
insufficiency, with a higher level of lectin of the patient. 
In infected patients who did not receive AVT, there was a 
tendency to correlate the amount of galectin-9 with AST 
activity, in patients receiving PEG-IFN and ribavirin at 4 
weeks – with GGT activity, in those treated with velpat-
asvir and sofosbuvir at 4 weeks – with the amount of total 
protein, at 12 weeks – with ALT activity (Table III).

During the study of correlations between the amount 
of galectin-9 in blood serum and integrative indicators in 
the comparison group, inversely proportional relationship 
between the concentration of lectin and NI, TII, NRR 
(p <0,05), which indicates a decrease in the degree of its 
own inflammatory response organism and reduction of 
endogenous intoxication with increasing galectin-9 in 
healthy individuals was found. 

In patients receiving baseline therapy, no significant 
correlations were found, but there was a tendency to reduce 
the rate of intoxication with increasing galectin-9 (Fig. 3), 
which indicates a weakening of the systemic immune 
response to acute inflammation.

Table I. The concentration of galectin-9 in the serum of patients with CVHC with different variants of AVT
Group Galectin-9 (pg/ml)

Comparison (n=20) 1747,90 (966,45 – 3241,50)

I (baseline therapy, n=20) 3006,00 (1754,60 – 4639,50)
(р1=0,040*)

IІ (IFN ribavirin, after 4 weeks of AVT, n = 24)
7267,00 (3633,50 – 11955,50)

(р1=0,000*;
р2=0,000**)

IIІ (DAAs, after 4 weeks of AVT, n = 24)

2227,00 (1544,30 – 2639,00)
(р1=0,444;
р2=0,073;

р3=0,000***)

Note. Significant difference of the indicator in relation to: * - comparison groups (р1<0.05); ** - groups of patients who did not receive AVT (p2<0.05), 
*** - groups II and III among themselves (p3<0.05), significance was calculated according to the Mann-Whitney criterion
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In patients receiving PEG-IFN and ribavirin, there were no 
correlations between galectin-9, which was determined at 4 
weeks of AVT, and integrative values at 4 weeks of treatment, 
but there was a connection between the amount of lectin at 4 
weeks and NI at 12 weeks of AVT (Fig. 4). It allows to predict a 
decrease in the inflammatory response in the patient’s body after 
12 weeks with high levels of galectin-9 after a month of treatment.

Among patients treated with DAAs at 4 weeks of AVT, 
there was a tendency for a directly proportional correla-
tion between galectin-9 levels in serum and the rate of 
intoxication (Fig. 5), which illustrates an increase in the 
systemic inflammatory response with increasing lectin 
concentration, in contrast to untreated patients.

In addition, among patients receiving velpatasvir and 
sofasbuvir, there was a tendency to correlate between 
galectin-9 at 4 weeks and the entropy of the leukocyte 
formula at 12 weeks of AVT (Fig. 6), which suggests 
a tendency to more pronounced normalization of the 

leukocyte formula at 12 weeks with a lower value of 
galectin-9 for 4 weeks of treatment.

In CVHC patients who did not receive AVT, when calcu-
lating the correlations between the detected lectin and fibro-
sis (F) by METAVIR, there was an increase in the amount 
of galectin-9 with increasing degree of fibrosis (+0.550; p = 
0.012). Directly proportional correlation was found for the 
content of galectin-9 and APRI (Fig. 7; +0.505; p = 0.023) 
and galectin-9 and FIB-4 (Fig. 8; +0.448; p = 0.048). 

ROC analysis for СGal-9 and liver cirrhosis in patients 
not receiving AVT demonstrated a high probability of liver 
cirrhosis with galectin-9 content above 3929 pg / ml (AUC =  
0.813; sensitivity – 75.0%, specificity – 81.2%, Fig. 9).

DISCUSSION
The amount of galectin-9 in patients receiving interferon-
containing AVT was 4.2 times higher than in healthy indi-

Fig. 1. Prediction of the development of splenomegaly by the concentration 
of galectin-9 in the serum of patients with CVHC ROC Curves

Fig. 2. Prediction of changes in ANA by the concentration of galectin-9 
in the serum of patients with CVHC at 4 weeks of interferon-containing 
AVT , ROC Curves

Fig. 3. Approximation to the correlation between galectin-9 concen-
tration and intoxication in CVHC patients who did not receive AVT.  
*Note: the tendency to correlate indicators is inversely proportional  
(r=-0.389, p=0.090; calculated according to Spearman`s correlation).

Fig. 4. Correlation between galectin-9 concentration at 4 weeks of AVT and 
nuclear index after 12 weeks of AVT in patients on interferon-containing therapy
*Note: The correlation of indicators is inversely proportional (r=-0.424, 
p=0.039; calculated according to Spearman`s correlation) 
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viduals; compared to patients who received DAAs – 3.3 times 
higher; and compared with patients who did not receive 
AVT – 2.4 times higher. It is known from literature that 
recombinant human galectin-9 induces the production of 
interferon, and blocking the synthesis of galectin-9 reduces 
the amount of interferon produced by natural killers stimu-
lated by IL-12 / IL-15 [8]. In addition, treatment of liver and 
peripheral blood mononuclear cells with galectin-9 induces 
the production of proinflammatory cytokines, including 
IL-1, TNF-a and IFN [9]. In patients with autoimmune 
cholangitis when studying the expression of galectin-1, 
galectin-3 and galectin-9, a significant increase in the latter 
was found after stimulation of gamma-IFN [10]. Based on 
this, we talk about the bilateral effects of galectin-9 and IFN.

Among patients with CVHC, a directly proportional 
correlation was found between the content of galectin-9 and 
F (METAVIR), APRI and FIB-4. In patients with different 
etiologies of chronic hepatitis, according to previous studies, 
a direct proportional correlation between the concentration 
of this lectin and APRI, FIB-4 was also determined [11]. It 
is proven that the expression of galectin-9/Tim-3 serves as 
a useful prognostic marker in patients with hepatocellular 
carcinoma [12], while it is most often detected in the third 
stage of fibrosis and in patients with cirrhosis [13].

An inversely proportional correlation between the 
level of lectin and the number of rod-shaped neutrophils 
was found in the comparison group between the level of 
galectin-9 and hematological parameters. Experiments 
on mice have shown that exogenous galectin-9 reduces 
local tissue infiltration by inflammatory cells, including 
neutrophils [14]. There was an inverse correlation 
between the concentration of galectin-9 and platelet 
count in patients who did not receive AVT and at 4 weeks 
of treatment in patients receiving interferon-containing 
therapy. According to previous scientific studies, an inverse 
correlation has been established in patients with various 
chronic hepatitis (including CVHC) between galectin-9 
and platelet count [11].

It was determined that among CVHC patients who did 
not receive AVT, a directly proportional correlation was 
found between the concentration of galectin-9 and the De 
Ritis ratio, as well as the tendency to correlate between 
these indicators in healthy individuals, which corresponds 
to the results of other researchers, where it is indicated that 
patients with hepatocellular failure have higher levels of 
galectin-9 in plasma than in the control group [15].

In our study, we established a tendency in patients who did 
not receive AVT to correlate between the amount of galectin-9 

Table II. Correlations between galectin-9 concentration and hematological parameters

Indicator

The concentration of galectin-9 in the group, (n), the survey period

Comparison 
(n=20) І (n=20)

ІІ (n=24, 4 week of AVT) ІІІ (n=24, 4 week of AVT)

With 
hematological 

parameters at 4 
weeks of AVT

With 
hematological 

parameters at 12 
weeks of AVT 

With 
hematological 

parameters at 4 
weeks of AVT

With 
hematological 
parameters at 

12 weeks of AVT

Leukocytes -0,280, 
р=0,232 -0,239, р=0,310 +0,392, р=0,058 -0,027, р=0,900 +0,190, р=0,374 +0,097, р=0,650

Erythrocytes +0,381, 
р=0,098 +0,084, р=0,724 -0,286, р=0,175 -0,119, р=0,930 -0,073, р=0,734 +0,091, р=0,674

Hemoglobin +0,399, 
р=0,081 -0,091, р=0,703 -0,336, р=0,108 +0,002, р=0,928 +0,186, р=0,383 +0,064, р=0,776

Platelets -0,249, 
р=0,290 -0,531, р=0,016* -0,429, р=0,036* -0,126, р=0,557 +0,015, р=0,945 -0,255, р=0,259

Rod-core -0,538, 
р=0,014* +0,044, р=0,855 +0,108, р=0,615 -0,536, р=0,007* -0,078, р=0,717 -0,084, р=0,696

Segment-
nuclear

-0,105, 
р=0,661 -0,093, р=0,698 -0,171, р=0,426 -0,091, р=0,673 +0,105, р=0,627 +0,316, р=0,133

Eosinophils -0,260, 
р=0,269 +0,220, р=0,352 -0,130, р=0,544 +0,046, р=0,832 -0,347, р=0,145 -0,127, р=0,555

Basophils -0,195, 
р=0,410 +0,134, р=0,574 +0,125, р=0,559 +0,413, р=0,045* -0,156, р=0,359 +0,446, р=0,029*

Lymphocytes +0,260, 
р=0,269 +0,112, р=0,637 +0,074, р=0,731 -0,038, р=0,859 +0,004, р=0,985 -0,171, р=0,425

Monocytes -0,190, 
р=0,422 -0,151, р=0,524 -0,023, р=0,916 +0,211, р=0,322 -0,176, р=0,409 -0,238, р=0,263

ESR -0,102, 
р=0,668 +0,234, р=0,321 +0,128, р=0,553 -0,113, р=0,598 +0,125, р=0,561 +0,270, р=0,202

Note. * - significant correlation of galectin-9 with the corresponding indicator (p<0.05, calculated according to Spearman’s  correlation).
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in this protein there was an increase in the number of 
T-helpers and a decrease in the number of T-suppressors. In 
addition, treatment with galectin-9 naive T-cells in vitro also 
promotes the differentiation of regulatory T lymphocytes 
and inhibits the differentiation of T helpers, which leads to 
immunosuppression [18]. Among our patients treated with 
PEG-IFN and ribavirin, it was found that the higher the level 
of galectin-9 at 4 weeks of AVT, the greater the likelihood of 
positive ANA at 12 weeks of treatment, indicating differences 
between galectin levels and antibodies in individuals receiving 
interferon-containing therapy and the mechanisms described 
above. This is due to the results of the following study, which 
proved that IFN-based treatment reduces the proportion of 
regulatory T-cells after 4 weeks in therapy, due to a decrease 
in IL-12. Thus, early depletion of regulatory T-cells caused by 
IFN promotes the activation of antiviral immunity [19], but 
does not weaken autoimmune reactions.

Among our patients, there was a tendency to decreasing 
the rate of intoxication with increasing galectin-9, 
which indicates a decrease in the intensity of the acute 

and ACT activity; in patients receiving PEG-IFN and ribavirin 
for 4 weeks – with GGT activity; in infected patients treated with 
velpatasvir and sofosbuvir for 4 weeks – with the amount of total 
protein for 12 weeks – with ALT activity. In other publications 
in chronic hepatitis of various genesis (caused by HCV, HBV, 
autoimmune, alcoholic) was found a weak correlation with the 
activity of ALT [12, 14]. The high level of enzymes (including ALT) 
in the blood of patients with elevated concentrations of galectin-9 
is due to the fact that the hepatocyte infected with HCV on the 
outer membrane is phosphatidylserine, which is recognized by 
Kupffer cells. Further, these specific liver macrophages secrete 
galectin-9, which activates naive NKs that destroy hepatocytes, 
thereby exacerbating the cytolytic syndrome [3].

According to scientific studies, the concentration of 
galectin-9 in patients with autoimmune hepatitis exceeds 
the level of this lectin in patients with CVHC [16], despite 
the fact that in the pathogenesis of viral hepatitis C a 
significant place is occupied by autoimmune mechanisms 
[17]. When other researchers studied the effects of galectin-9 
in laboratory mice, it was found that in animals deficient 

Fig. 5. Approximation to the correlation between galectin-9 concentration 
and 4 weeks of AVT intoxication in patients on interferon-free therapy 
*Note: The correlation of indicators is directly proportional (r=+0.403, 
p=0.051; calculated according to Spearman`s correlation) 

Fig. 6. Approximation to the correlation between galectin-9 con-
centration and 4 weeks of AVT and the entropy of the leukocyte 
formula at 12 weeks of AVT in patients on interferon-free therapy 
*Note: The correlation of indicators is directly proportional (r=+0.396, 
p=0.055; calculated according to Spearman`s correlation) 

Fig. 7. Correlation between galactin-9 concentration and APRI. Fig. 8. Correlation between galactin-9 concentration and FIB-4
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of CGal-9 decreasing under the influence of sofosbuvir and 
velpatasvir, compared with patients without AVT.

The increase in Gal-9 concentration correlates with an increase 
in F indicators (METAVIR), APRI, FIB-4, De Ritis ratio and a 
decrease in platelet count (p <0,05), which proves the feasibility 
of determining the amount of lectin in the serum of patients 
with CVHC to establish liver fibrosis and hepatic insufficiency.

The inversely proportional correlation between CGal-9 
at week 4 of interferon-containing AVT and NI at week 
12 predicts the severity of the inflammatory response in 
CVHC patients during treatment.

At the Gal-9 concentration above 8360 pg/l at 4 weeks of 
interferon-containing AVT one should take into account 
the high probability of autoimmune processes, which is 
confirmed by the detection of positive ANA at 12 weeks 
(Se – 75.0%, Sp – 68.7%). In patients who did not receive 
AVT, when CGal-9 is above 3929 pg/ml liver cirrhosis (Se 
– 75.0%, Sp – 81.2%) may be estimated, and if it is above 
4829 pg/ml – splenomegaly (Se – 100 .0%, Sp – 88.9%).
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ІІ (n=24, 4 week of AVT) ІІІ (n=24, 4 week of AVT)

With 
biochemical 

parameters at 4 
weeks of AVT

With 
biochemical 

parameters at 
12 weeks of AVT

With 
biochemical 

parameters at 4 
weeks of AVT

With 
biochemical 

parameters at 
12 weeks of AVT
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