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ABSTRACT
The aim: To determine changes of FSG of neutrophilic granulocytes of peripheral blood (NGPB) of patients with CHC with concomitant DM-2.
Materials and methods: We’ve examined 180 patients with CHC: 160 with concomitant diabetes mellitus and 20 ones without it. The NGPB genome was studied using cytogenetic
method. There were analyzed 100 interphase NGPB nuclei in the preparation, structural characteristics were evaluated according to indices: chromatization (IC), nucleolar (IN),
pathologically altered nuclei (PAN), micronuclei (MNI).
Results: Violations of FSG OF NGPBwere found according to all indices in patients with CHC, they were more pronounced in patients with concomitant DM-2.
Conclusions: FSG NGPB is more disordered in CHC with concomitant DM-2. The reduction of IC in CHC with concomitant DM-2 is more pronounced in men. Reduction of IN in
patients with CHC with and without DM-2 is a marker of violations of the second stage of realization of hereditary information. The tendency to change the components of the
cytogenetic status of all examined patients due to the frequency of MNI was determined.
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INTRODUCTION

Chronic hepatitis C (CHC) remains one of the most
topical medical and social problems of modern medicine
nowadays [1]. According to WHO data, the number of
chronically infected persons with hepatitis C virus (HCV)
in the world is 71 million people, causing a pandemia, that
will be observed for several decades, despite the advances
in current schemes of therapy [2]. The peculiarity of the
problem is that HCV-infection goes without clear clinical
symptoms for a long time, which causes its late diagnosis
(in 75-85% already in the stage of the formed chronic
form), with a further rapid progression to the development
of liver cirrhosis (LC) and hepatococellular carcinoma
(HCC) [3].
Since CHC is a significant medical-social problem and
occurs frequently, it is natural to understand that this
infectious process can be observed in combination with
various comorbid somatic diseases [2, 3].
Diabetes mellitus (DM) – is one of the most common
endocrine diseases. In developed countries, its frequency
in the population is 4-5% [4]. Currently, diabetes mellitus
is given a prominent place just after cardiovascular and
oncological diseases according to the medico-social importance [5]. Nowadays, HCV-infection could be called a
predictor of the development of carbohydrate metabolism
and, accordingly – of the development of type 2 diabetes
mellitus [6, 7], and the presence of type DM-2 in patients

with CHC increases the progression of this disease with
the development of HCC (in 13% vs 5.9 % in the comparison group) due to stimulation of HCC cell proliferation
in vitro [8, 9]. That is, an important problem of modern
infectology is the study of peculiarities of the course of
infectious pathology against the background of various
somatic conditions [10]. In the scientific literature, there are
the reports on the mutual-aggravating effect of CHC and
type DM-2, which is manifested by an increase of clinical
symptoms and the emergence of new clinical manifestations, in the more severe course of the disease and in the
rapid occurrence of complications and adverse effects,
reduction of the effectiveness of antiviral treatment [11, 12].
In any disease the pathological changes are manifested
at the cellular level and are accompanied by the violation
of certain processes of regulation of metabolism, disorders
of hereditary information of the genome, which leads to
changes in its functional state [13, 14, 15]. Epigenetic
mechanisms (gene expression, regulation of chromatin
structure, cell differentiation, DNA replication, inactivation
of the X-chromosome) are involved into the control of
many important biological processes in the body [16, 17].
In connection with the above-mentioned, the functional
state of the genome (FSG) of neutrophilic granulocytes’
peripheral blood (NGPB) in many complex and multifactorial diseases is being studied [18, 19, 20, 21, 22].
During the study of cytogenetic parameters in patients
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with chronic hepatitis (CH) according to the indeces of
karyogram of interphase nuclei of hepatocytes, scientists
have determined the dependence of disorders of chromatin
compactization, the value of the nuclear index (IN) of the
severity of metabolic intoxication, which is confirmed by
the inverse correlation between the above-noted indicators
and the blood content of lipid peroxidation products [23,
24, 25]. The association of FSG with indices of cellular
link of immunity in patients with chronic hepatitis B and
alcoholic liver disease has been established [16, 23, 24]. In
DM of HCV- and HBV-etiology, transcription-translation
apparatus disorders deepen [26, 27]. Hepatitis C virus is
known to have high genetic variability, is a potent inducer of oncogenesis without integration of the virus into
the patient’s genome [26], that’s why more pronounced
changes in the hepatocyte genome under the influence of
HCV-infection compared to HBV-infection may be one
of the causes.
The literature does not sufficiently describe data concerning the study of changes in cytogenetic indices in patients
with CHC, and especially with concomitant somatic diseases. Therefore, we can say with certainty that the study
of the state of chromatin serves as an informative indicator
of the formation of all body cells (including hepatocytes)
and their functions throughout the life of tissues. We
believe that the study of genetic markers greatly expands
our understanding of the evolution of the human body
and allows us to trace the genetic aspects in the liver pathology, reveals new horizons in the cognition of intimate
mechanisms of organism functioning and pathological
processes in many diseases.

THE AIM

To detect alterations in the functional state of the genome
of neutrophilic granulocytes of peripheral blood of patients
with chronic hepatitis C with concomitant type 2 diabetes
mellitus.

MATERIALS AND METHODS

There were studied 160 patients with CHC with concomitant DM type 2, who were in the main group of the study,
aged from 30 to 65 years (80 women and 80 men) with
the duration of the disease from 5 to 15 years, who were
treated at the Regional Clinical Infectious Hospital of Ivano-Frankivsk (Ukraine) during 2009-2017. The diagnosis
of CHC was determined on the basis of clinical, ultrasound,
biochemical and immunological studies.
In addition to general clinical research methods, all patients were determined by the functional state of genome
of the NGPB using the cytogenetic method of interphase
nuclei study.
For this purpose, cytological preparations were made
from leukocytes of peripheral blood, which after drying
were stained according to Feulgen in the modification of
Kovalchuk L.Ye. and co-authors [28]. The preparations
were examined by light microscopy using the optical-elec1672

tronic complex “Metascan-2” of the Genetic Laboratory of
the Department of Medical Biology and Medical Genetics,
Ivano-Frankivsk National Medical University, Ukraine.
A comprehensive analysis of four indices of karyogram
(nucleolar (IN), chromatization, heteropyknotic X-chromosome and pathologically altered nuclei (PAN) was
performed according to the method of Kovalchuk L.Ye. and
co-authors [28, 29] in 100 interphase nuclei of peripheral
blood leukocytes.
The index of chromatization (IC) was calculated according to the ratio of nuclei with the superiority of uncondensed chromatin (euchromatin) to nuclei containing
large sections of heterochromatin. The percentage of the
above-mentioned cells was determined individually.
Nucleolar index (IN), which indicates the total metabolism of cells, was determined by the ratio of nuclei that
had nucleoli to the total number of nuclei. Cells with a
heteropyknotic X-chromosome, i.e., those that contained
gender chromatin, were registered. At the same time, the
incidence of pathologically altered nuclei (PAN) and micronuclei index (MNI), were recorded.
To objectify the obtained data, there were examined 20
patients with CHC without concomitant DM-2, who made
up the comparison group, and 20 healthy individuals of
the same age (10 men and 10 women), who were included
into the control group.
Licensed statistical analysis packages of Microsoft Excel
and Statistica 7.0 were used for statistical processing.

RESULTS

In practically healthy persons, the processes of chromatin (IC) decondensation were predominant in women
(1.48±0.16%) versus (1.10±0.07%) in men (p<0.05) (Fig. 1) .
Comparative analysis of FSG of NGPB indices in patients
of both study groups revealed changes in all components
of NGPB metabolism. In the early stages of cell apoptosis,
the destruction of nuclear proteins is accompanied by
chromatin condensation.
In the study of the PAN index, nuclei with various pathological inclusions were noted in both study groups, among
which vacuolated nuclei, heteropyknotic cells, and nuclei with
deep karyolemma invaginations were predominant (Fig. 2).
Reduction of IC in both study groups compared with those
in healthy people was determined (p<0.01, p<0.001) (Table I).
Table I. Indices of chromatization, pathologically altered
nuclei and nucleolar index of peripheral blood neutrophilic
granulocytes in the studied persons, M±m
The magnitude of IC in women of the main group was
1.2-fold less than in women without concomitant DM-2
(p<0.05). Gender dimorphism in relation to IC was not
observed in all the studied patients (p>0.01). The revealed
changes can be explained by a significant decrease of the
compensatory abilities of cell metabolism, an increase
of cell apoptosis in patients with CHC, especially in the
presence of comorbid conditions.
A decrease of IN at 51.70% in patients without concomitant DM-2 (p<0.001) and at 58.50% in patients with
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Fig. 1. 1 – the nucleus of neutrophilic
peripheral blood granulocyte with
euchromatin preference in a healthy person.
Feulgen staining in Kovalchuk modification.
Magnification: field lens 40; ocular lens 15.

Fig. 2. Nuclei of neutrophilic granulocytes
of peripheral blood in patients with
chronic hepatitis C with concomitant type
2 diabetes mellitus. Feulgen staining in
Kovalchuk modification. Magnification:
field lens 40; ocular lens 15. (1 – vacuolated
nucleus; 2 – heterochromatin-dominated
nucleus; 3 – micronucleus formation).
CHC with concomitant DM-2 (p<0.001) may indicate
the impaired ribosomal RNA gene amplification and the
decreased readiness of ribosomes to the synthesis of the
polypeptide chain due to the influence of HCV-infection.
However, no gender dimorphism was determined and
no significant difference between the two study groups
(p>0.05) (Table I).
The number of PAN in CHC without concomitant
pathology increased 2.4-fold (p<0.001), and in patients
with CHC with concomitant DM-2 – 2.8-fold (p<0.001)
compared with the control. Patients with CHC with concomitant diabetes mellitus type 2 the number of PAN was
significantly higher than in patients with CHC without
concomitant pathology (11.08±0.31% vs. 9.60±0.39%;
p<0.01). No gender dimorphism was found regarding this
index (p>0.05) (Table I).
The expressed changes of cytogenetic parameters in
patients with CHC may be due to the direct cytopathic
action of HCV and its ability to inhibit the mechanisms
of DNA replication and transcription due to the disorder
of the endonuclease activity.
As the index of the heteropyknotic X-chromosome needs
to be considered according to gender, we’ve determined its
quantitative characteristics in men and women patients
with CHC without concomitant pathology and with con-

comitant DM-2. There was a decrease of the level of IC
in women with CHC both with concomitant DM-2 and
without concomitant pathology compared to the control
group and its appearance in the nuclei of some men of both
study groups (Table II).
We’ve also examined the presence of IN, that indicates
more profound violations of the hereditary apparatus of
the NGPB (Table III).
We must note, that micronuclei formation is caused by
changes of chromosome structure during the process of
mitosis. Analyzing the MNI index, we did not find a significant difference according to this index between the main
group and the comparison group (0.83±0.10%) against
(1.05±0.20%), respectively (p>0.05), and gender in these
study groups (p>0.05) (Table III).
There was also no significant difference (p>0.05) between
the number of MNI of healthy persons and patients with CHC
with concomitant DM-2 and with CHC without concomitant
pathology (p>0.05). Gender dimorphism was also absent
(p>0.01) when comparing the MNI index in these groups of
patients and in practically healthy persons (Table III).
Thus, in the HCV-infection combined with DM-2 the
transcriptional-transcriptional abnormalities deepen
compared with those in patients with CHC without concomitant pathology.
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Table I. Indices of chromatization, pathologically altered nuclei and nucleolar index of peripheral blood neutrophilic granulocytes in the studied persons, M±m
CHC and
concomitant DM/
men – 80;
women – 80

CHC without
concomitant DM/
men – 10;
women – 10

Control group/
men – 10;
women – 10

both sexes

0.78±0.02#

0.85±0.03*

1.28±0.09

men

0.80±0.02

**

0.82±0.05

1.10±0.07

women

0.76±0.02# @

0.88±0.04*

1.48±0.16

both sexes

3.05±0.14#^

3.55±0.28*

7.35±0.80

men

3.05±0.23

*

3.70±0.45

8.30±1.13

women

2.98±0.19

***

3.40±0.34

6.40±1.10

both sexes

11.08±0.31#@

9.60±0.39*

3.89±0.66

men

10.75±0.43#@

9.50±0.45*

4.00±0.98

11.43±0.45

9.70±0.65

3.40±0.91

Index

Chromatization %

Nucleolar, %

Pathologically changed nuclei, %

#

#

##

women

#@

*

Notes:
1. * – significance of difference between comparison group and control group (p<0.05);
2. # – significance of difference between indices of the main and control groups (p<0.05);
3. @ – significance of difference between the indices of the main group and the comparison group (p<0.05);
4. ^ – significance of difference compared with women of main group, comparison group, control group (p<0.05).
Table II. Changes in gender chromatin index in the examined patients, M±m
CHC and
concomitant DM/
men – 80;
women – 80

CHC without
сoncomitant DM/
men – 10;
women – 10

Control group/
men – 10;
women – 10

men

6.15±0.43^

5.95±0.91^

5.20±0.96^

women

18.00±0.57#

20.30±1.18*

26.10±1.11

Index

sex chromatin %

Notes:
1. * – significance of difference between comparison group and control group (p<0.05);
2. # – significance of difference between main group and control group (p<0.05);
3. ^ – significance of difference compared with women of main group, comparison group, control group (p<0.05).
Table III. The index of micronuclei index of the examined patients, M±m
CHC and
concomitant DM/
men - 80;
women - 80

CHC without
сoncomitant DM/
men - 10;
women - 10

Control group/
men - 10;
women - 10

both sexes

0.83±0.09

1.05±0.20

0.80±0.05

men

0.90±0.15

1.00±0.26

0.88±0.08

women

0.78±0.13

1.10±0.31

0.72±0.02

Index

micronucleus, %

DISCUSSION

In the process of studying the functional state of the hepatocytes genome in patients with chronic hepatitis according
to hepatocytes interphase nucleus karyogram measurement, impaired components of the transcription-translation apparatus were discovered, including IC reduction
comparing to the ones in healthy people (р<0,001) and
patients without concomitant diabetes type 2 (р<0,001)
that might mean a dramatic decline in cell metabolism
compensation abilities in patients with chronic hepatitis
having diabetes type 2. Besides, because of HCV-infection
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influence gene amplification of the ribosomal RNA and
diminished ribosomes readiness to synthesize polypeptide
chain were occurring and declaring as nucleolar index
reduction of 51,7% in patients with chronic hepatitis
without concomitant pathology (р<0,001) and of 58,5 %
in patients with chronic hepatitis having diabetes type 2
(р<0,001) comparing to healthy individuals. The increasing of pathologically altered nuclei levels in such patients
clearly demonstrated the impaired structural state of cells
and as a result the reduction of their ability for reparation
In addition to the evaluation of the impaired NGPB genetic
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set, the micronuclei index was determined as far as its
formation is caused by changes in chromosome structure
in the process of mitosis. We didn’t detect the significant
difference between MRI in patients with chronic hepatitis
having diabetes type 2 and patients with chronic hepatitis
without concomitant pathology (р>0,1) and difference between genders. However, in the study process, the tendency
to cytogenetic status components changes in all examined
patients according to MNI frequency has been determined.

CONCLUSIONS

In the course of the study we have proved:
1. Significant disorders of the functional state of the NGPB
genome in patients with CHC with concomitant type
2 diabetes mellitus compared with patients with CHC
without concomitant diabetes.
2. Decrease of the level of IC (0.78±0.02) in patients with
CHC with concomitant type 2 diabetes mellitus was
more pronounced in men of all study groups. Significant reduction of MNI in all patients with CHC with
concomitant DM-2 and without concomitant pathology
(3.05±0.14%) (p<0.001) compared with the control,
which may be a marker of the depth of disorders of the
second stage of implementation of hereditary information (p>0.1) was determined.
3. The tendency to change the components of the cytogenetic status of all examined patients by frequency of
micronuclei was determined.
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