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Abstract
Introduction. In Poland, an increasing number of patients are hospitalized due to liver diseases. One of the common liver 
diseases is cirrhosis, which can be caused by alcohol, viral hepatitis, autoimmune processes and metabolic diseases.  
Materials and method. The study included 99 patients with alcoholic cirrhosis from the Lublin region of Eastern Poland. 
The control group consisted of 20 healthy individuals without liver disease who did not abuse alcohol. The concentrations 
of serum kallistatin and chemerin were determined using ELISA kits.  
Objective. The aim of the study is to evaluate serum levels of kallistatin and chemerin in patients with different stages of 
alcoholic liver cirrhosis.  
Results. The highest chemerin level was found in the control group – 182.6±80.4 ng/ml. In other stages of liver cirrhosis, the 
following levels were observed: 175.7±62.7 ng/ml in Child-Pugh stage A (Ch-P A), 150.2±59.7 ng/ml in Ch-P B and 110.3±73.6 
ng/ml in Ch-P C. Significant differences in chemerin levels between controls and Ch-P C patients (p=0.01), as well as between 
the Ch-P A patients and Ch-P C patients (p=0.02), were demonstrated.  
The highest kallistatin level was demonstrated in the control group – 8.2±3.5 μg/ml. In other stages of liver cirrhosis, the 
following concentrations were found: 7.2±27 μg/ml in Ch-P A, 4.4±2.2 μg/ml in Ch-P B and 3.5±1.9 μg/ml in Ch-P C (Tab. 3). 
Statistically significant differences were observed between controls and Ch-P B patients (p<0.001), controls and Ch-P C 
patients (p<0.001), Ch-P A and Ch-P B patients (p=0.01), as well as Ch-P A and Ch-P C patients (<0.001).  
Conclusions. The levels of chemerin and kallistatin decrease with progression of liver damage during alcoholic liver cirrhosis. 
The impairment of its synthetic function leads to reductions in levels of the adipokines studied.
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INTRODUCTION

In Poland, an increasing number of patients are hospitalized 
due to liver diseases. One of the common liver diseases is 
cirrhosis, which can be caused by alcohol, viral hepatitis, 
autoimmune processes and metabolic diseases [1].

Alcohol induces liver cirrhosis via the harmful effects of 
acetaldehyde. Moreover, genetic factors, oxidative stress and 
impaired balance of proinflammatory, proangiogenic, and 
fibrogenesis-promoting cytokines are involved [2]. Recent 
studies also demonstrate a significant role of metabolic 
disorders in the progression of alcohol-induced liver cirrhosis 
[3]. Chemerin, discovered in 1998, is mainly synthesized 
in the adipose tissue as well as in the hepatic stellate cells 
[4]. Chemerin is a relevant element of the immune system 
involved in the initial stages of acute inflammation and its 

subsidence [5]. Serum levels of chemerin have been found 
to correlate with inflammatory markers, such as CRP and 
proinflammatory cytokines (tumour necrosis factor alpha 
TNF-α, interleukin 6) [6, 7].

Kallistatin is a protein of the serpin superfamily of 
serine protease inhibitors; its first described function was 
the inhibition of kallikrein. The protein is predominantly 
produced in the liver and its main physiological role is the 
inhibition of inflammation, fibrosis and oxidative stress 
[8]. Kallistatin reduces collagen fraction volume as well 
as deposition and expression of collagen types I and II. 
Moreover, it inhibits fibronectin and collagen expression 
by suppressing the generation of angiotensin II–induced 
reactive oxygen species and transforming growth factor-β1 
expression in cultured mesangial cells [9]. Kallistatin plays 
a role in the inhibition of tumour growth and angiogenesis 
by suppressing VEGF- and bFGF-induced proliferation, 
migration, and adhesion of endothelial cells [10].

To date, a limited number of studies on chemerin and 
kallistatin in liver diseases of various etiologies have been 
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published, but little attention has been pain to alcoholic 
liver cirrhosis.

The aim of the present study was to evaluate serum levels 
of kallistatin and chemerin and the factors affecting them 
in patients with different stages of alcoholic liver cirrhosis.

MATERIALS AND METHOD

The study included 99 patients with alcoholic cirrhosis 
from the Lublin Region of Eastern Poland. Liver cirrhosis 
was diagnosed based on clinical features, history of heavy 
alcohol consumption, laboratory tests and abdominal 
ultrasonography. The patients with alcoholic hepatitis, 
hepatocellular carcinoma, viral and autoimmune diseases 
were excluded from the study. Other exclusion criteria were: 
type 2 diabetes, obesity, acute infections (e.g. pneumonia, 
spontaneous bacterial peritonitis), acute and chronic heart 
failure (> NYHA I), acute and chronic respiratory disorders 
resulting in respiratory insufficiency, acute kidney injury and 
chronic kidney disease (> stage G2). Both clinical assessment 
and laboratory tests were used to exclude the underlying liver 
diseases in the control group. The degree of liver cirrhosis 
was evaluated according to the Child-Turcotte-Pugh criteria 
(Child-Pugh score) [11]1. Based on the above, patients were 
assigned to one of three groups: Child-Pugh (Ch-P) A – 29 
with stage A, Ch-P B – 26 with stage B and Ch-P C – 34 with 
stage C of liver cirrhosis. The control group consisted of 20 
healthy individuals without liver disease who did not abuse 
alcohol. There were no significant age- or gender-related 
differences in the groups (Tab. 1). Detailed demographic, 
clinical and biochemical characteristics of patients are 
presented in Table 1 and 2. The study protocol was approved 
by the Ethics Committee. All subjects gave their written 
informed consent for participation in the study.

Determination of serum chemerin concentration. Serum 
chemerin concentration was determined using Biovendor 
Human Chemerin ELISA kit (BioVendor, Czech Republic). 
In this assay, standards, quality controls and 100-fold diluted 
samples were incubated in microtitration wells pre-coated 
with polyclonal anti-human chemerin antibody. After a 
60-minute incubation followed by washing, biotin labelled 
polyclonal anti-human chemerin antibody was added and 
incubated with the captured chemerin for 60 minutes. After 
another washing, streptavidin-HRP conjugate was added. 
After another incubation, the remaining conjugate was 
allowed to react with the substrate solution (TMB). The 
reaction was stopped by addition of acidic solution and 
absorbance of the products was measured using the Epoch 
Microplate Spectrophotometer, USA (λ=450 nm). The results 
were multiplied by dilution factor (100).

Determination of serum kallistatin concentration. 
Serum kallistatin concentration was determined applying 
Human kallistatin ELISA sandwich enzyme immunoassay 
(BioVendor, Czech Republic). In this assay, standards 
and samples (5,000-fold diluted serum) were incubated 
in microtitrate pre-coated with polyclonal anti-human 
kallistatin antibody. After incubation, biotin labelled 
antibody was added. Further procedure (addition of 
streptavidin-HRP conjugate, substrate and stop solution etc.) 
was analogous to the assay described above. Absorbance of 

standards and samples was measured spectrophotometrically 
at a wavelength of 450nm. The concentration of kallistatin 
was determined using the standard curve constructed for 
standards. The results were multiplied by a dilution factor 
(5,000).

Statistical analysis. STATISTICA 13 (Statsoft, Inc.) was 
used for data analysis. Continuous variables were expressed 
as the mean ± standard deviation (SD). Before calculations, 
variables were checked for normality using the Shapiro-Wilk 
test; the Brown-Forsythè s test was applied to test equality 
of variances. To compare the results between more than two 
groups, one-way ANOVA test was used. The Tukey s̀ test was 
applied for detailed identification of statistically different 
groups. Correlations among variables were performed 
using the Pearson’s correlation test. Stepwise multiple linear 
regression analysis was applied to determine the potential 
independent influence of various factors on chemerin and 
kallistatin concentrations. Qualitative variables are shown 
as indicators of structure (percentage); for intergroup 
comparisons, the χ2 test was used. Receiver operating 
characteristic (ROC) curves were used to assess diagnostic 
accuracy of chemerin and kallistatin. For all tests, p < 0.05 
was considered as statistically significant.

RESULTS

Demographic and clinical characteristics of the control and 
alcoholic liver cirrhosis group are presented in tables 1 and 2.

Table 1. Demographic and clinical characteristics of study and control 
groups

Control group
(n=20)

Alcoholic liver cirrhosis (n=99)

Ch-P A
(n=29)

Ch-P B
(n=36)

Ch-P C
(n=34)

Age (years) 48.9±15.1 53.3±12.3 54.6±11.0 56.9±7.7

percentage of men 65% 72.4% 66.7% 58.8%

Height (cm) 170.4±6.6 171.8±7.8 175.3±8.4 173.4±6.9

Body mass (kg) 67.8±7.8 68.1±14.8 71.5±13.2 70.2±12.8

Time of alcohol abuse (years) - 13.1±4.8 14.1±4.9 15.7±5.4

Ascites (%) 0 32% 61% 85%

Oesophageal varices (%) 0 14% 45% 88%

Encephalopathy (%) 0 28% 51% 91%

The study findings demonstrated that the serum chemerin 
level decreased depending on the stage of liver cirrhosis 
(Fig.1). The highest chemerin level was found in the control 
group – 182.6±80.4 ng/ml. In other stages of liver cirrhosis, 
the following levels were observed: 175.7±62.7 ng/ml in Ch-P 
A, 150.2±59.7 ng/ml in Ch-P B and 110.3±73.6 ng/ml in Ch-P 
C (Tab. 3). Analysis of variance (ANOVA) and the Tukeỳ s test 
disclosed significant differences in chemerin levels between 
controls and Ch-P C patients (p=0.01), as well as between the 
Ch-P A patients and Ch-P C patients (p=0.02).

Likewise, the serum level of kallistatin decreased in 
decompensated liver cirrhosis (Fig. 2). The highest kallistatin 
level was demonstrated in the control group – 8.2±3.5 μg/ml. 
In other stages of liver cirrhosis, the following concentrations 
were found: 7.2±27 μg/ml in Ch-P A, 4.4±2.2 μg/ml in Ch-P B 
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and 3.5±1.9 μg/ml in Ch-P C (Tab. 3). Statistically significant 
differences were observed between controls and Ch-P B 
patients (p<0.001), controls and Ch-P C patients (p<0.001), 
Ch-P A and Ch-P B patients (p=0.01), as well as Ch-P A and 
Ch-P C patients (<0.001).

Table 3. Levels of chemerin and kallistatin in patients with alcoholic liver 
cirrhosis and in the control group

Controls
Alcoholic liver cirrhosis

Ch-P A Ch-P B Ch-P C

Chemerin [ng/ml] 182.6±80.4 175.7±62.7 150.2±59.7 110.3±73.6

Kallistatin [μg/ml] 8.2±3.5 7.2±2.7 4.4±2.2 3.5±1.9

Correlations between serum levels of chemerin and 
kallistatin versus selected clinical and laboratory parameters 
were also analyzed (Tab. 4). Negative correlations were found 
between serum chemerin versus the level of bilirubin (r=-0.48; 
p<0.001), INR (r=-0.56; p<0.001) and mean cell volume (r=-
0.36; p=0.004). Positive correlations were observed between 
chemerin versus albumin concentration (r=0.45; p=0.003) 
and platelet count (r=0.37; p=0.003). In the case of kallistatin, 
the only correlations noted were with the concentration of 
bilirubin (r=-0.26; p=0.045) and albumin (r=0.45; p=0.003).

Table 4. Correlations between levels of chemerin and kallistatin versus laboratory 
parameters

Chemerin Kallistatin

Total bilirubin r=-0.48; p<0.001 r=-0.26; p=0.045

Albumin r=0.45; p=0.003 r=0.45; p=0.003

PLT r=0.37; p=0.003 NS

MCV r=-0.36; p=0.004 NS

INR r=-0.56; p<0.001 r=-0.47; p<0.001

ASP NS r=-0.27; p=0.03

CRP NS NS

To assess an independent association between other 
variables and levels of chemerin and kallistatin, multiple 
regression analysis was used. An independent correlation was 
found between chemerin versus concentration of bilirubin, 
albumin and platelet count. The above model explains 52% 
of chemerin variance, which was most strongly affected by 
the level of bilirubin (b*=-0.42).

Table 5. Independent variables associated with the level of chemerin – 
multiple linear regression

Independent variables b* SE b SE p

Total bilirubin -0.42 0.11 -4.37 1.14 <0.001

Albumin 0.36 0.11 39.1 11.7 <0.01

PLT 0.36 0.11 0.35 0.1 <0.01

Model: R2=0.56, adjusted R2=0.52, p<0.0001.

b* – standardized coefficient of regression; b – coefficient of regression; SE – standard error; 
R2 – coefficient of determination.

Furthermore, the multiple regression model for kallistatin 
included only two independent variables – INR (b*=-0.41) 
and ascites (b*=-0.31). It is noteworthy that this model was 
more poorly adjusted to the empirical data as the adjusted 
coefficient of determination was 0.28. Nevertheless, this was 
the optimal model to design.

Table 2. Biochemical characteristics of study and control groups

Control group
(n=20)

Alcoholic liver cirrhosis (n=99)

Ch-P A
(n=29)

Ch-P B
(n=36)

Ch-P C
(n=34)

Bilirubin (mg/dl) 0.68±0.28 2.21±1.4 4.12±3.25 7.89±7.94

Albumin (g/dl) - 3.27±0.76 2.78±0.6 2.44±0.46

International 
normalized ratio 
(INR)

- 1.25±0.27 1.44±0.29 1.68±0.41

Platelets (G/l) 226.8±35.8 186.03±76.9 123.6±66.25 114.11±61.6

Mean cell volume 
(MCV) (fl)

94.65±4.45 92.38±6.25 91.9±10.08 97.53±8.02

Urea (mg/dl) - 32.04±20.1 23.49±15.62 39.58±16.1

Sodium (mmol/l) 139.82±3.24 133.67±5.3 135.38±3.6 133.51±6.63

Potassium (mmol/l) 4.41±0.37 3.88±0.6 3.94±0.6 3.3±0.66

C-reactive protein, 
CRP (mg/l)

2.11±1.96 14.97±12.62 19.21±17.35 20.8±19.92

Aspartate 
transaminase (ASP) 
(U/l)

18.1±5.2 53.1±21.8 145.5±110.7 188.3±107.4

Figure 1. Chemerin levels in patients with alcoholic liver cirrhosis and in the 
control group
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Figure 2. Kallistatin levels in patients with alcoholic liver cirrhosis and in controls
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Table 6. Independent variables associated with the level of kallistatin – 
multiple linear regression

Independent variables b* SE b SE p

Intercept 11.3 1.5 <0.0001

INR -0.41 0.13 -2.8 0.9 <0.01

Ascites -0.31 0.13 -2.1 0.9 0.02

Model: R2=0.31; adjusted R2=0.28; p<0.001.

b* – standardized coefficient of regression; b – coefficient of regression;  
SE – standard error; R2 – coefficient of determination.

To assess the usefulness of chemerin and kallistatin as 
markers of alcoholic liver cirrhosis, analysis of receiver-
operator characteristic (ROC) curves was performed (Fig. 3). 
The area under the curve (AUC) was 0.653 at 95% confidence 
interval:0.5–0.81 (p=0.51) and 0.782 at 95% CI 0.66–0.9 
(p<0.0001) for chemerin and kallistatin, respectively.

At the cut-off point of 159 ng/ml, the sensitivity of chemerin 
for detecting liver cirrhosis was 64% and the specificity 69%. 
At the cut-off point of 5.61 μg/ml, the sensitivity of kallistatin 
was 64% and the specificity 77%.

Figure 3. Comparison of ROC curves for chemerin and kallistatin

DISCUSSION

The presented findings demonstrate decreased chemerin 
levels in the alcoholic cirrhosis group, depending in the 
stage of disease. The highest chemerin level was found in 
the control group (182.6±80.4 ng/ml), whereas the lowest in 
Ch-P C group (110.3±73.6 ng/ml).

Under physiological conditions, chemerin is produced 
in the adipose tissue, liver and placenta [12]. Chemerin is 
a factor modulating the inflammatory process [13] and 
its serum levels are induced in inflammatory diseases 
[14]. Additionally, increased serum levels of chemerin in 
patients with liver failure can result from reduced glomerular 
filtration and impaired chemerin excretion with urine [15]. 
Furthermore, increased levels of chemerin are observed in 

chronic hepatitis C [16]. According to Kukla et al., chemerin 
is increased in patients with liver steatosis and non-alcoholic 
steatohepatitis (NASH) [17].

Chemerin serum levels also decrease with the development 
of fibrosis and liver cirrhosis. Gradual impairment of the 
liver synthetic function leads to reduced synthesis of 
chemerin. In individuals with liver cirrhosis, the adipose 
tissue atrophies, which is likely to additionally reduce the 
production of chemerin. Imai et al. have demonstrated that 
levels of chemerin in patients with liver cirrhosis complicated 
by HCC were inversely correlated with Child-Pugh scores 
[18]. Moreover, the results of the current study have shown 
that serum chemerin levels were significantly correlated 
with platelet counts. Eisinger et  al. found that chemerin 
levels were significantly lower in patients with Ch-P score 
C compared to A. Moreover, chemerin levels were lower in 
patients with Child-Pugh score C compared to B. Chemerin 
mRNA levels in the cirrhotic livers negatively correlated with 
serum bilirubin but not with prothrombin over time.

However, chemerin did not correlate with C-reactive 
protein, albumin, ALT, AST, alkaline phosphatase, bilirubin 
or fibrinogen in the cirrhotic patients [14]. In the current 
study, there was also no correlation between kallistatin levels 
and CRP. The only relevant factors associated with serum 
chemerin levels were albumin and platelet count.

The next cytokine studied was kallistatin. The findings 
of the current study revealed that the levels of kallistatin 
in patients with alcoholic liver cirrhosis were statistically 
significantly lower compared to controls. Moreover, the 
level of kallistatin decreased with the stage of alcoholic liver 
cirrhosis. The lowest kallistatin level was found in Ch-P 
stage C. Similar results were reported by Cheng et al., who 
demonstrated that kallistatin can be a diagnostic indicator 
of hepatic status, especially for liver cirrhosis. A decrease 
in serum kallistatin levels appeared to reflect the extent of 
liver cirrhosis [8]. It is worth stressing that ROC analysis 
performed in the current study showed a relatively low 
sensitivity and specificity of kallistatin as an indicator of 
liver cirrhosis (64% and 77%, respectively). Thus, it seems 
that kallistatin as a single biomarker will not be used in 
routine clinical practice. Furthermore, the results obtained in 
this study disclosed that the factors associated with reduced 
serum levels of kallistatin were INR and ascites.

Kallistatin is a tissue kallikrein inhibitor [19] and has 
various effects, such as antioxidative, antiangiogenic, anti-
inflammatory, antioxidant and antiapoptotic [20]. Kallistatin 
is produced mostly in the liver [21] and is a negative acute 
phase protein, the concentration of which decreases during 
inflammatory processes (e.g. significantly reduced kallistatin 
levels were seen in the plasma of a patient with sepsis) [19, 
22]. In cases of cirrhosis-associated liver damage, its serum 
levels decrease. Reduced production of kallistatin results 
from liver damage, especially impaired synthetic function, 
and correlates with the stage of liver cirrhosis.

CONCLUSIONS

The liver is the main organ that produces chemerin and 
kallistatin and the findings of this study demonstrate 
that their levels decrease with the progression of liver 
damage during alcoholic liver cirrhosis. The impairment 
of its synthetic function leads to reductions in levels of the 
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adipokines studied. Additionally, reduced levels of chemerin 
can be affected by its diminished production by the adipose 
tissue, which is less metabolically active in liver cirrhosis.
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