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ABSTRACT

RÉSUMÉ

The aim of the study was to determine the level of
cytokeratin 18, adiponectin and leptin in plasma of the
patients with nonalcoholic steatohepatitis (NASH) and
coronary heart disease (CHD) and their association
with the degree of cytolysis, disorders of carbohydrate
and lipid metabolism.
Materials and methods. We examined 60 patients
with NASH, who were divided into 2 groups: group
1 – 30 patients with NASH on the background of
obesity of 1st-2nd degree, group 2 – 30 patients with
NASH and CHD (the 1st and 2nd functional classes
of stable angina pectoris) and obesity of 1st-2nd degree. The mean age of patients was 55.13±6.34 years.
The control group consisted of 20 practically healthy
persons (PHP). Serum CK18, adiponectin and leptin
levels were determined by the immunoassay analysis.
Results. Our research showed that NASH is closely
associated with disorders of adipocytokine homeostasis. In patients with NASH, comorbid CHD, and obesity of 1st-2nd degree, there is an increase level of CK

Le contenu de la cytokératine 18, de l’adiponectine et
de la leptine chez des patients atteints d’une stéatose
hépatique non alcoolique chronique et cardiopathie
ischémique
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But: déterminer le niveau de cytokératine 18, d’adiponectine et de leptine dans le plasma des patients
atteints de NASH et leur association avec le degré de
cytolyse, la violation du métabolisme des glucides et
des lipides lors de la comorbidité avec une cardiopathie
ischémique.
Matériel et méthodes: Soixante patients atteints
de NASH ont été examinés et divisés en 2 groupes :
1er groupe – 30 patients atteints de NASH sur fond
d’obésité degré I-II, 2ème groupe – 30 patients atteints
de NASH avec coronaropathie (angor stable II et II)
et obésité I-II degré. L’âge moyen des patients était de
55,13±6,34 ans. Le groupe témoin était composé de 20
personnes pratiquement en bonne santé. La détermination du taux de cytokératines 18, d’adiponectine et
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18, proinflammatory adipokine leptin and a decrease
in the level of adiponectin.
Conclusions. The significant increase of liver aminotransferases activity and the level of CK 18 in patients
with NASH, their close positive correlation relationship suggest that the leading pathophysiological mechanism of progression of NAFLD is the necrosis and
apoptosis of hepatocytes. The determination of serum
fragments of CK 18 can be used as a non-invasive test
for diagnosis of NASH and liver steatosis.
Keywords: non-alcoholic steatohepatitis, coronary
heart disease, cytokeratin 18, adiponectin, leptin.
List of abbreviations:
NAFLD = non-alcoholic fatty liver disease
CK 18 = cytokeratin 18
CHD = coronary heart disease
NASH = non-alcoholic steatohepatitis
PHP = practically healthy persons
LR = leptin resistance
LF = liver fibrosis
BMI = body mass index
ALT = alanine aminotransferase
AST = aspartate aminotransferase
GGTP = gamma-glutamyl transpeptidase
TG = triglyceride

de leptine dans le sérum sanguin a été réalisée par la
méthode d’analyse immunologique.
Résultats : Notre étude a montré que la stéatose
hépatique non-alcoolique est étroitement liée à l’homéostasie de l’adipocytokine. Pour les patients atteints
de NASH pour comorbidité avec coronaropathie et
obésité, le degré I-II est caractérisé par une augmentation des taux sanguins de CC-18, de leptine adipocytaire pro-inflammatoire et de réduction des taux
d’adiponectine.
Conclusions: L’augmentation significative de l’activité aminotransférase dans le foie et du niveau du fragment CC-18 à la NASH, ainsi que leur étroite corrélation positive, confirment que le principal mécanisme
physiopathologique de progression du NSChP est la
nécrose et l’apoptose des hépatocytes, et la détermination de la fragmentation sérique du CK-18 peut être
utilisée comme test non invasif pour le diagnostic de
la NASH et de la stéatose du foie.
Mots-clés: stéatose hépatique non-alcoolique, cardiopathie ischémique, cytokératine 18, adiponectine,
leptine.

INTRODUCTION

MATERIALS

The high prevalence of non-alcoholic fatty
liver disease (NAFLD) in the world requires the
development of new non-invasive methods of
diagnosis1-5. Although the disease is still histologically
determined by means of a liver biopsy, this is not a
practical tool for a mass screening6. One of the most
informative markers of the inflammation and liver
fibrosis is the presence of the cytokeratin 18 (CK 18).
CK 18 is a fragment of intermediate phylums of cells
cytoskeleton, which is cut by the effector caspase 3
because of the process of apoptosis of hepatocytes7-11.
This peptide is detected in the blood even before
the morphological signs of apoptosis occur. This
allows to use CK-18 as a non-invasive biomarker of
non-alcoholic steatohepatitis (NASH)1-3,8-11.

We examined 60 patients with NASH (31 men
and 29 women), hospitalized between January 2016 to
December 2018 in the Gastroenterology Department
of the Regional Communal Institution „Emergency
Hospital“, Chernivtsi, Ukraine. All patients were
divided into 2 groups: group 1 – 30 patients with
NASH on the background of obesity of 1st – 2nd degree, group 2 – 30 patients with NASH and comorbid CHD ( I and II functional classes of stable angina pectoris) and obesity of 1st – 2nd degree. These
groups of patients were randomized according to age,
sex, degree of obesity. The mean age of patients was
55.13±6.34 years. The control group consisted of 20
practically healthy persons (PHP).
The study was conducted after the approval of the Ethics Committee of the Higher State
Educational Institution of Ukraine „Bukovinian
State Medical University“, Ukraine. All patients
signed the informed consent.
The diagnosis of NASH was established according to the recommendations of the European
Association for the Study of Liver (EASL), the
European Association for the Study of Obesity
(EASO), in the presence of criteria for the exclusion of
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chronic diffuse liver disease of the viral, hereditary, autoimmune or drug genesis and according to the results
of ultrasonographic research. The diagnosis of CHD
was established according to the recommendations of
the European Society of Cardiology Guidelines on the
management of stable coronary artery disease.
The classification of obesity was conducted
according to the body mass index (BMI): a ratio
between weight to the squared height (kg/m 2).
According to BMI, general population is classified
in five categories: underweight (BMI < 18.5 kg/m2),
normal weight (BMI 18.5-24.9 kg/m2), overweight
(BMI 25.0-29.9 kg/m2), obesity of 1st degree (BMI
30.0-34.9 kg/m2), obesity of 2nd degree (BMI 35.0-39.9
kg/m2), obesity of 3rd degree (BMI > 40 kg/m2).
Serum CK18, adiponectin and leptin levels were determined by the immunoassay analysis using the TPS ELISA test system (IDL Biotech
AB, Sweden), Adiponectin ELISA test system
(Mediagnost GvbH, Germany) and Leptin ELISA
KIT (Diagnostics Biochem Canada Inc, Ontario) on
the STAT FAX 303/PLUS analyzer (AWARENESS
TECHNOLOGY, INC., USA) on the base of laboratory of the Higher State Educational Institution
of Ukraine „Bukovinian State Medical University“.
Leptin resistance (LR) was determined by the formula: LR = leptin (ng/ml)/ triglycerides (mmol/L).
The statistical processing of the results of the
study was carried out using parametric (t-criterion
Student, Fisher’s F-criterion) and non-parametric
methods (Mann-Whitney U-criterion, Wilcoxon’s
T-criterion) of variation statistics. For statistic and
graphical analysis of the obtained results, we used
software packages of Statistica for Windows version
10.0 Pro (Stat Soft inc., USA), Microsoft Excel 2013
(Microsoft, USA).

RESULTS
The study of the level of CK 18 showed a statistically significant increase of this indicator in all

studied groups: in patients of group 1 this indicator
was increased by 3.8 times (p<0.05), in group 2 by
3.91 times (p<0,05) in comparison with PHP, with
a statistically significant difference between patients
from groups 1 and 2 (p>0.05) (Table 1). Also, there
was no statistically significant difference in the levels of CK18 between men and women in the studied
groups (p>0.05).
In addition, it was found that in patients with
obesity of the 2nd degree, the content of CK18 was
significantly higher (p<0.05) than in patients with
obesity of the 1st degree, and didn’t depend of the
sex. Thus, in patients with obesity of the 1st degree,
the level of the CK 18 was 3.7 times higher than in
the PHP (p<0.05) (n=36), with obesity of 2nd degree –
by 4,1 times higher than in the PHP (p<0,05) (n=24),
with statistically significant intergroup difference
(p<0.05).
The study did not show a statistically significant increase of CK 18 level in patients with NASH
with the increasing of the stage of liver fibrosis (LF),
there was only a tendency to its increase with the
increase of LF stage (p>0.05). At the same time, the
levels of CK 18 in patients with the LF of stage F0
amounted 398.2±3.7 U/L, F1 405.6±3.81 U/L and
F2-F3 411.3±4.1 U/L, without statistically significant
intergroup difference (p>0.05).
In the examined patients, a direct correlation
was established between the level of CK 18 in serum and BMI (r=0.69, p<0.05), cholesterol (r=0.72,
p<0.05), low-density lipoproteins (r=0.41, p<0.05),
index HOMA2-IR (r=0.58, p<0.05), glycosylated
hemoglobin (r=0.64, p<0.05), ALT (r =0.75, p<0.05),
AST (r =0.69, p<0.05), GGTP (r=0.57, p<0.05), and
the inverse correlation with high-density lipoproteins
content (r=-0.25, p<0.05).
The study of the content of leptin in the blood
serum of the examined patients showed a statistically
significant increase of this adipocytokine in the examined groups: in group 1 this parameter was increased
by 3.3 times (p<0.05) in comparison with PHP, in

Table 1. Levels of cytokeratin 18, adiponectin and leptin in patients with NASH and comorbid CHD.
Indicator

PHP
(n=20)

NASH
(n=30)

NASH + CHD (n=30)

Cytokeratin 18, U/l

104,8±3,52

397,9±4,1*

410,4±3,9*

Adiponectin, μg/ml

10,58±0,15

6,34±0,08*

5,46±0,09*/**

Leptin, ng/ml

6,13±0,5

20,28±1,01*

28,65±1,03*/**

Leptin resistance, units

3,8±0,05

7,14±0,06*

9,07±0,08*/**

Notes: * – the difference is statistically significant in comparation with the same indicator in practically healthy persons
(p<0,05); ** – the difference is statistically significant in comparison with the indicator in patients with NASH (p<0,05).
CHD = coronary heart disease
NASH = non-alcoholic steatohepatitis
PHP = practically healthy persons.
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group 2 – by 4.7 times (p<0.05) in comparison with
PHP, with a statistically significant intergroup difference (p<0.05) (Table 1). In addition, in both groups,
a higher level of leptin was found in women: in group
1 – by 11% (in women 21.46±1.02 ng/mL (p<0.05)
(n=14), in men 19.1±0.09 ng/mL (p<0.05) (n=16)),
in group 2 – by 15.3% (in women 30.7±1.02 ng/mL
(p<0,05) (n=15), in men 26.6±1.01 ng/mL (p<0.05)
(n=15)). It was also found that the content of leptin
was higher in patients with 2nd degree obesity than in
patients with 1st degree obesity. Thus, in patients with
1st degree obesity, the level of leptin was 20.57±0.08
ng/mL (p<0.05) (n=36), in those with 2nd degree obesity 27.36±1.02 ng/mL (p<0.05) (n=24).
The indicator of LR showed the following
changes: in the group 1, this indicator exceeded
by 1.23 times (p<0.05) that in PHP, in group 2
by 1.56 times (p<0.05). The rate of LR in women
was significantly higher than in men: in group
1 – 7.37±0.07 units (p<0.05) (n=14) in women and
6.91±0,06 units (p<0.05) (n=16) in men, in group
2 – 9.25±0.08 units (p<0.05) (n=15) in women and
8.89±0.06 units (p< 0.05) (n=15) in men. The rate of
LR was significantly higher in persons with the 2nd
degree obesity: in patients with 1st degree obesity,
this indicator was 7.21±0.05 units (p<0.05) (n=36),
with 2nd degree obesity – 8.49±0.06 units (p<0.05)
(n=24).
We found a direct correlation between the level
of leptin and BMI (r=0.59; p<0.05), waist circumference (r=0.52; p<0.05), the content of cholesterol
(r=0.41, p<0.05), TG (r=0.35; p<0.05), the inverse
correlation with high-density lipoproteins content (r
=-0.45; p<0.05).
The study of the level of adiponectin showed
a statistically significant decrease of this indicator
in patients with NASH: in group 1, adiponectin
level was by 1.67 times (p<0.05) lower compared
with PHP, in group 2 – lower by 1.94 times (p<0.05),
with a statistically significant intergroup difference
(p<0.05). At the same time, in patients with the obesity of 2nd degree, this indicator was lower in comparison with patients with the obesity of Ist degree:
in patients with obesity of Ist degree, this indicator
was 6.32±0.06 μg/mL (p<0.05), with obesity of IInd
degree – 5.49±0.07 μg/mL (p<0.05). There was no
statistically significant difference between adiponectin content in blood serum between men and women
(p>0.05). We found a negative correlation between
the level of adiponectin and BMI (r =-0.41, p<0.05),
body weight (r =-0.45, p<0.05), waist circumference
(r =-0.49, p<0.05), HOMA-IR (r =-0.39, p<0.05), positive – with the level of high-density lipoproteins content (r=0.44, p<0.05).
464

/

vol. 54, no. 3

DISCUSSION
The detected elevated levels of CK 18 indicate
an increased loss of liver cells, which may lead to
the progression of NASH, the LF’s development and
its subsequent transformation into liver cirrhosis.
Our data and literature data7,10-14 confirm that uncontrolled hepatocyte apoptosis can be the central
mechanism that causes fibrogenesis and LF. In the
majority of the examined patients, the degree of fibrosis according to the liver ultrasound elastography
was F0-F1 (n=54), a small number of patients had
F2-F3 degrees of fibrosis (n=6). There was no correlation between the degree of LF and the level of CK 18,
there was only a tendency to increase the content of
CK 18 with an increase of the degree of LF. This may
indicate a parallelism between the hepatocyte apoptosis and the inflammatory-fibrotic process in the liver
of patients with NASH.
The positive correlation between the activity
of ALT and the content of CK 18 indicates the activation of inter-parallel and interrelated processes
of damage and loss of parenchymal liver tissue in
NASH, through necrosis and apoptosis of hepatocytes. In addition, in the examined patients with
NASH, there were signs of intrahepatic cholestasis,
manifested by an increase of enzymes GGT and alkaline phosphatase (AF). As a result of cholestasis in
hepatocytes, delayed hydrophobic bile acids, which
have toxic effects on cells, cause the development of
oxidative stress, the expression of pro apoptotic transcription factors, the activation of the internal and
external ways of apoptosis8,10-12,14.
CK 18 in the examined patients was closely
correlated only with the level of cholesterol (r=0.72,
p<0.05). Such a strong correlation between the level of cholesterol and the CK 18, as a marker of the
hepatocyte apoptosis, is due to the fact that cholesterol accumulates in cells and causes mitochondrial
dysfunction, it increases the synthesis of active forms
of oxygen, enhances the development of endoplasmic
stress and apoptosis and leads to the progression of
the disease10-12, 15,16.
High levels of leptin in the examined groups of
patients with obesity is due to leptin resistance (LR).
Because of LR, the formation of TG is increased
and lipid peroxide oxidation is activated, which may
lead to the development of lipo-toxicity and, as a
consequence, to metabolic disorders4,5,17-20. A higher
concentration of leptin in patients with a comorbid
NASH and CHD is due to more profound disorders
of lipid and carbohydrate metabolism, decompensated oxidative stress in patients with concomitant
CHD21-22. This fact suggests that CHD worsens the
course and prognosis of patients with NASH18,20.

Archives of the Balkan Medical Union

Reduced adiponectin levels in the examined
patients is an unfavorable predictor of the development and progression of NASH with comorbid
CHD, because of the fact that this cytokine has a
number of protective functions that are important for this comorbidity: anti-inflammatory, antidiabetic, angio-protective and cardioprotective18.
A higher reduction of the adiponectin level in the
group of patients with NASH and comorbid CHD
and obesity of 1st-2nd degree indicates that the low
level of this cytokine is a predictor of progression
of CHD. Hypoadiponectinemia in patients with
NASH and obesity contributes to the development
of cardiovascular complications in this group of
patients, as the adiponectin has a protective effect on
the heart, it protects it from ischemic damages due
to impaired blood circulation, through activation of
ATP and cyclooxygenase17,18,23-25.

CONCLUSIONS
NASH is closely associated with disorders
of adipocytokine homeostasis. In patients with
NASH, comorbid CHD, and obesity of 1 st-2nd
degree, there is an increased level of CK 18,
proinflammatory adipokine leptin and a decrease
in the level of adiponectin. The significant increase
of liver aminotransferase activity and the level
of CK 18 fragment in patients with NASH, their
close positive relationship suggest that the leading
pathophysiological mechanism of progression of
NAFLD is the necrosis and apoptosis of hepatocytes.
The determination of serum fragments of CK 18 can
be used as a non-invasive test for the diagnosis of
NASH and liver steatosis.
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