
INTRODUCTION

Hepatocellular carcinoma (HCC), the most prevalent
histological subtype of primary liver malignancies, is the fifth
most common form of cancer worldwide and the third most
common cause of cancer-related deaths (1). The most important
risk factor for HCC remains liver cirrhosis. To the other
important risk factors for HCC belong infections with the
hepatitis B virus (HBV) and hepatitis C virus (HCV), excessive
consumption of alcohol and exposition to aflatoxin B1, but the
role of another factors is increasingly emphasized - obesity, type
2 diabetes mellitus (T2DM) and hepatic manifestation of the
metabolic syndrome, non-alcoholic fatty liver disease (NAfLD)
(2, 3). Hepatic cancer may simply be a complication of any stage
of NAfLD, unlikely to that seen in advanced stages of other
chronic liver diseases. Obesity and excessive adipose tissue

contribute to a chronic systemic low-grade inflammatory
response that is believed to play an important role in HCC
development (4, 5). This, and other pathophysiological
mechanisms underlying the development of NAfLD, such as
insulin resistance (IR) and hyperinsulinaemia, adipokine and
hepatokine dysregulation or genetic and environmental factors,
seem to play a significant role in the development of HCC (6).
In HCC there is a number of staging systems available, but the
only one assesses the severity of liver disease as well as the
patient’s performance status (PS) and cancer-related symptoms -
the Barcelona Clinic Liver Cancer (BCLC) classification (7).

Betatrophin/angiopoietin-like protein 8 (ANGPTL8),
produced by liver and adipose tissue, is a novel but atypical
member of the angiopoietin protein family due to its lack of the
fibrinogen-like domain, the aminoacids for forming disulfide
bonds and the glycosylation sites (8, 9). Increased levels of
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Hepatocellular carcinoma (HCC) development is a complex process with well-known risk factors, however the role of
betatrophin/angiopoietin-like protein 8 and irisin has been poorly investigated thus far. The aim of this study is to measure
betatrophin and irisin serum levels in HCC, cirrhotic patients and controls, assess their relationship with cancer etiology
and grade, metabolic abnormalities and liver dysfunction severity. Serum betatrophin and irisin concentrations were
measured with commercially available ELISA kits in 69 cirrhotic patients with HCC, 24 patients with non-viral cirrhosis
and 20 healthy volunteers. The severity of liver disfunction was assessed according to Child-Pugh (C-P) score, while HCC
grade according to the Barcelona clinic liver cancer (BCLC) staging system. Serum betatrophin concentration was
significantly higher (33.7 ± 13.4 versus 12.3 ± 2.0 ng/ml; P < 0.001), while serum irisin level significantly lower in HCC
patients compared to controls (2.52 ± 1.14 versus 4.46 ± 1.34 µg/ml; P = 0.02). Betatrophin level was also significantly
elevated among cirrhotic patients compared to healthy volunteers. More evident serum betatrophin increase was found in
patients with viral disease (34.8 ± 12.9 versus 26.1 ± 13.8 ng/ml; P < 0.001). Serum irisin concentration was significantly
decreased in more advanced HCC cases (stage A versus C according to BCLC: 3.4 ± 1.3 versus 1.89 ± 1.1 µg/ml; P = 0.02).
Decline of serum irisin (A: 3.4 ± 1.2; B: 2.42 ± 0.8; C: 1.91 ± 1.19 µg/ml; P = 0.03) and up-regulation of serum betatrophin
levels (A: 24.1 ± 13.8; B: 39.3 ± 11.4; C: 46.2 ± 9.4 ng/ml; P = 0.03) were observed in patients with more advanced cirrhosis
according to C-P score. We concluded that betatrophin serum level increased in cirrhotic patients, compared to controls.
Since there was no difference between cirrhotic patients with and without intercurrent HCC, we suppose it may have an
influence on fibrosis development, however not hepatocarcinogensis. Irisin serum level decreased in HCC patients,
especially with more advanced disease grade, and was inversely related to the severity of liver disfunction.
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betatrophin have been observed in various clinical conditions such
as obesity and T2DM, suggesting a role for this protein in
pathogenesis of these diseases (10). Abnormalities in serum levels
of ANGPTL8 have also been reported in significant liver fibrosis
and NAfLD. According to previous publication serum betatrophin
appeared to increase in NAfLD patients and may be a potential
non-invasive marker for identification of NAfLD and non-
alcoholic steatohepatitis (NASH) (11). The plasma levels of
betatrophin are also increased in patients with liver cirrhosis and
these increases were more pronounced in patients with advanced
liver disease, particularly Child-Pugh (C-P) class C or those with a
higher Model for End-Stage Liver Disease (MELD) score (12).
This elevation seems to be connected to IR, which is a known
potent stimulator of betatrophin expression in liver and fat tissue.
So far, only one study has been performed to prove the direct role
of betatrophin in carcinogenesis of HCC (13). ANGPTL8 may act
as a mild suppressor against hepatocellular carcinoma cells via
affecting mRNA expression of two key regulators of Wnt signaling
pathway, β-catenin and WIf-1, and subsequently inhibiting
proliferation of the hepatocellular carcinoma cell line HepG2.

Irisin is a recently identified novel myokine, predominantly
produced and secreted from skeletal muscle as a cleavage
product of fibronectin type III domain containing 5 (fNDC5)
(14). Irisin appears to exert a variety of functions, however most
of them has not been confirmed yet. It seems to be capable to
induce browning of primarily subcutaneous and visceral white
adipose tissue and thereby induces thermogenesis. Therefore, it
has been proposed to mediate the beneficial effects of exercise
on metabolism and may reveal a new target for obesity, and its
related diseases, like T2DM or NAfLD (15). The results of
previous publications investigating the association between
irisin and NAfLD are inconsistent, since both increase and
decrease of its level have been observed (16). Irisin is also
considered in the development of other liver pathologies such as
primary biliary cholangitis (PBC) or alcoholic cirrhosis (AC).
Among AC patients this myokine concentration was decreased,
on the other hand positive correlation of it with grade of
inflammation in PBC was shown (17). As we can easily notice
the role of irisin in chronic liver diseases is still unclear and
requires further investigation. Interestingly, it was recently
proved that skeletal muscles are not the sole source of irisin. It
was reported that adipose tissue also expresses and secretes
irisin, suggesting that it may function not only as a myokine, but
also as an adipokine (18).

Pointing to essential role of betatrophin and irisin in
metabolic regulation and energy expenditure we hypothesize
that they play an important role in chronic liver diseases and
HCC. Since ANGPTL8 is associated with grade of fibrosis, and
hence with progression of liver cirrhosis, possibly it plays an
indirect role in carcinogenesis process. In contrast, irisin may be
the myokine inhibiting the development of cancer. The main aim
of the study was to assess betatrophin and irisin serum levels in
HCC patients and compare their levels in patients with different
cancer grade and etiology. The additional purpose was to analyze
relationship between metabolic abnormalities, severity of liver
disfunction and betatrophin and irisin serum levels.

MATERIAL AND METHODS

Patients’ selection

The study was approved by the Ethics Committee of the
Medical University in Wroclaw and conformed to the ethical
guidelines of the Declaration of Helsinki
(KNW/0022/KB1/95/13). Informed consent was obtained for the
whole study series.

The study included 69 cirrhotic patients with contrast
Computed tomography (CT)/magnetic resonance imaging
(MRI) proven HCC, demonstrating typical radiological
symptoms - a luminal focal lesion undergoing contrast
enhancement in the arterial phase and the phenomenon of
leaching in the late venous phase (HCC group). The study
included also 24 patients with non-viral liver cirrhosis without
HCC (cirrhosis group). Cirrhosis in these patients was diagnosed
on the basis of the interview (history of chronic liver disease),
physical examination (typical signs of cirrhosis: i.e. spider naevi,
palm erythema, ascites, spleno- and/or hepatomegaly, nails
abnormalities, jaundice), imaging (ultrasound, CT, MRI) or
endoscopy (presence of signs of portal hypertension i.e.
gastropathy, esophagal/gastric varices) and abnormal laboratory
findings. The diagnosis of chronic HBV infection was based on
raised serum transaminases for at least 6 months, positivity for
hepatitis B virus surface antigen (HBsAg) and anti-HB core IgG
antibodies. Chronic hepatitis C was established in case of the
presence of anti-HCV antibodies together with HCV-RNA for
more than 6 months. The control group comprised 20 healthy
volunteers. The volunteers had no complaints at the time of
participation in the study as well as no history of gastrointestinal
or chronic liver diseases, smoking and alcohol intake, and
systemic diseases. They had a constant body mass and a good
appetite. These healthy subjects had normal activity of
aminotransferases, gamma-glutamyltransferase (GGTP) or
alkaline phosphatase (ALP). Exclusion criteria for the study
groups included: patients’ no permission for contribution in
research, other malignances, insulin dependent diabetes mellitus,
chronic heart failure, thyroid disease, chronic renal failure,
mental illnesses and cirrhosis based on primary sclerosing
cholangitis (PSC) (19), PBC (20) and autoimmune hepatitis
(AIH) (21). The clinical data that excluded patients from the
control group were: elevated alanine aminotransferase (ALT)
activity; alcohol consumption of more than 20 g/day, presence of
anti-HCV antibodies, presence of HBsAg and HIV infection.

Serological assays

Irisin and betatrophin serum concentrations were assessed in
duplicate by an immunoenzymatic method with commercially
available enzyme immunoassay (EIA) or enzyme-linked
immunosorbent assay (ELISA) kits: betatrophin (active) human
Elisa Kit (sensitivity: 450 pg/ml; intra-assay CV: 4 – 6%; inter-
assay CV: 8 – 12%; catalogue No. SK00528-02; Aviscera
Bioscience, Inc.; USA) and Irisin Elisa Kit (sensitivity: 1 ng/ml;
intra-assay CV: 4.86 – 6.75%; inter-assay CV: 9.67 – 9.72%;
catalogue No. RAG018R; BioVendor-Laboratorni Medicina a.s.).
Insulin concentration was measured using a Diametria Insulin
EIA Kit (catalogue No. DKO076; Diametra S.r.l).

The remaining biochemical parameters were measured using
routine methods. The upper limit of normal (ULN) of ALT
activity was set at 38 IU/l and the ULN of aspartate
aminotransferase (AST) activity at 40 IU/l. The only
inflammatory marker assessed in our study was white blood cells
count (WBC). Insulin resistance was calculated according to the
homeostasis model assessment for insulin resistance (HOMA-
IR) by the formula: fasting insulin level (mUI/l) × fasting
glucose level (mg/dl)/405. We divided patients into two
subgroups with HOMA-IR value < 4 and ≥ 4. for further
analysis, we defined two subgroups: body mass index (BMI) <
30 and BMI ≥ 30 kg/m2. According to guidelines of the World
Health Organization (WHO) (22), all of the patients with a BMI
of ≥ 30 kg/m2 were classified as being obese. The diagnosis of
T2DM was made according to the WHO criteria (23), with a
value of fasting blood glucose level of ≥ 126 mg/dl on at least
two occasions, or ongoing treatment with hypoglycemic agents.
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Parameter HCC group  
n = 69 

Cirrhosis group  
n = 24 

Control group  
n = 20 

P* P** 

Age   
(years) 

 

59.0 ± 12.1 
(20.0 – 88.0) 

59.0 ± 14.0 
(24.0 – 84.0) 40.6 ± 5.5 0.62 0.65 

BMI  
(kg/m2) 

29.0 ± 4.49 
(22.0 – 45.0) 

29.0 ± 4.16 
(22.0 – 38.0) 25.4 ± 4.1 0.56 0.25 

Waist grith  
(cm) 

 

102.0 ± 12.5 
(70.0 – 139.0) 

100.0 ± 10.2 
(80.0 – 120.0) 78.2 ± 5.4 0.14 0.03 

Irisin  
(µg/ml) 

2.52 ± 1.14 
(0.41 – 4.73) 

2.88 ± 1.85 
(1.59 – 4.75) 4.46 ± 1.34 0.02 0.02 

Betatrophin  
(ng/ml) 

 

33.7 ± 13.3 
(10.9 – 49.9) 

36.8 ± 26.9 
(0.00 – 49.6) 12.3 ± 2.0 <0.001 <0.001 

Fasting insulin 
(ng/mL) 

 

0.89 ± 0.91 
(0.31 – 3.94) 

0.85 ± 1.38 
(0.23 – 3.01) 0.44 ± 0.15 0.007 0.002 

Fasting insulin 
(mIU/mL) 

 

20.2 ± 20.9 
(5.22 – 90.9) 

19.7 ± 31.9 
(5.34 – 69.5) 10.2 ± 3.45 0.007 0.002 

WBC  
(106/µL) 

 

4.30 ± 2.46 
(1.78 – 10.4) 

3.69 ± 2.13 
(1.95 – 9.47) 5.20 ± 0.85 0.06 0.35 

HGB  
(mg/dL) 

 

11.8 ± 2.45 
(5.70 – 16.1) 

11.7 ± 4.05 
(3.16 – 16.5) 14.5 ± 1.41 0.12 0.14 

PLT  
(106/µL) 

 

88.5 ± 85.0 
(18.0 – 392.0) 

80.5 ± 52.5 
(11.2 – 293.0) 220.5 ± 50.7 0.12 0.02 

ALT  
(IU/L) 

 

45.0 ± 48.5 
(14.0 – 303.0) 

31.5 ± 36.5 
(15.0 – 222.0) 22.6 ± 13.6 0.05 0.01 

AST  
(IU/L) 

 

63.0 ± 65.1 
(16.0 – 409.0) 

46.0 ± 49.5 
(20.0 – 258.0) 24.0 ± 9.8 0.07 0.008 

ALP  
(IU/L) 

 

110.0 ± 89.4 
(55.0 – 476.0) 

102.0 ± 82.0 
(38.0 – 363.0) 65.5 ± 25.6 0.25 0.01 

GGTP  
(IU/L) 

 

91.0 ± 194.6 
(21.0 – 1243.0) 

78.0 ± 92.0 
(23.0 – 965.0) 24.6 ± 15.7 0.09 <0.001 

Fasting glucose 
(mg/dL) 

 

106.8 ± 43.9 
(79.1 – 267.9) 

112.1 ± 44.4 
(56.7 – 281.0) 89.9 ± 9.5 0.45 0.02 

Urea  
(mg/dL) 

 

35.3 ± 30.5 
(16.6 – 139.1) 

33.1 ± 20.9 
(14.7 – 229.3) 31.6 ± 9.4 0.34 0.45 

Creatinine  
(mg/dL) 

 

0.79 ± 0.27 
(0.49 – 2.24) 

0.79 ± 0.24 
(0.55 – 37.4) 0.78 ± 0.13 0.67 0.09 

Bilirubin  
(mg/dL) 

 

1.58 ± 18.1  
(0.43 – 152.1) 

1.49 ± 1.72  
(0.48 – 152.1) 1.10 ± 0.45 0.58 0.01 

Cholesterol  
(mg/dL) 

 

147.0 ± 50.1  
(87.0 – 374.0) 

143.2 ± 43.7  
(2.02 – 230.0) 169.7 ± 50.5 0.17 0.65 

Triglycerides 
(mg/dL) 

 

105.0 ± 78.64  
(40.0 – 180.0) 

102.8 ± 69.5  
(46.0 – 676.1) 128.6 ± 21.4 0.64 0.31 

HDL  
(mg/dL) 

 

37.4 ± 31.0  
(12.2 – 55.0) 

41.9 ± 19.8  
(7.80 – 235.8) 44.9 ± 8.1 0.08 0.42 

Prothrombin index  75.0 ± 14.1  69.6 ± 18.0  95.7 ± 5.3 0.19 0.03 

 
 

(%) 
 

(40.0 – 102.8) (40.0 – 101.0) 
Total protein  
(g/dL) 

 

7.10 ± 0.94  
(4.30 – 9.80) 

7.00 ± 1.05  
(5.40 – 8.00) 7.30 ± 0.31 0.81 0.12 

Albumin  
(g/dL) 

 

3.13 ± 0.59  
(1.90 – 4.50) 

3.39 ± 0.57  
(2.30 – 4.60) 4.85 ± 0.34 0.91 0.04 

AFP  
(ng/mL) 

 

16.0 ± 1145.0  
(0.74 – 5845.0) 

4.41 ± 5.41  
(1.01 – 40.0) 2.70 ± 1.08 <0.001 <0.001 

CEA  
(ng/mL) 

 

2.86 ± 2.91  
(0.17 – 18.9) 

3.44 ± 3.32  
(0.50 – 12.2) 2.45 ± 1.56 0.76 0.54 

CA 19.9  
(U/mL) 

 

15.1 ± 89.3  
(2.00 – 728.7) 

14.5 ± 14.9  
(2.49 – 200.0) 19.7 ± 4.6 0.69 0.28 

HOMA-IR  
 

5.47 ± 8.10 5.46 ± 7.98 2.53 ± 0.09  0.49 <0.001 
 
  

Table 1. General characteristics and basic laboratory tests of cirrhotic patients with hepatocellular carcinoma (HCC), cirrhotic patients
without HCC and control group. All results presented as median ± SD (min.-max. values).

AfP, alpha-fetoprotein; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; CA 19.9, carbohydrate
antigen 19.9; CEA, carcinoembryionic antigen; ALP, alkaline phosphatase; GGTP, gamma-glutamyltransferase; HDL, high-density
lipoprotein; HGB, hemoglobin; HOMA-IR, homeostasis model assessment for insulin resistance; WBC, white blood cells; PLT,
platelet count; P*, HCC versus cirrhotic patients without HCC, P**, HCC patients versus control group.



All of the outcomes were assessed according to Child-Pugh
(C-P) score and BCLC classification. Child-Pugh score is widely
used to assess the severity of liver dysfunction in clinical work.
It consists ascites, hepatic encephalopathy (HE), prothrombin
time, total bilirubin and albumin. Each measure is scored 1 – ,
with 3 indicating most severe derangement. The sum of these
point characterizes patient to one of group: into C-P grades A (5
– 6 points), B (7 – 9 points), C (10 – 5 points). The Barcelona
clinic liver cancer staging system combines the stage of the
disease to a specific treatment algorithm. It is useful to select
early stage patients who could benefit from curative therapies.
The scale divides patients into five groups, from 0 to D, where
patients at stage 0 with very early HCC are optimal candidates
for resection and patients at stage D with end-stage disease will
receive symptomatic treatment.

Statistical analysis

The statistical analysis was performed with STATISTICA
10.0 (StatSoft Polska Sp z o.o., Cracow, Poland). The statistical
significance of the difference in studied variables were tested
using the Mann-Whitney U-test and ANOVA rang Kruskal-
Wallis tests for independent groups. The data were expressed as
median ± standard deviation (SD). The Shapiro-Wilk test was
used to evaluate the distribution. Correlations were analyzed
with the Spearman rank correlation coefficient. Statistical
significance was defined as values of P < 0.05.

The statistical data used to support the findings of this study
are available from the corresponding author upon request.

RESULTS

Clinical and demographic data of analyzed group

Clinical and demographic data of 69 patients (54 men and 15
women, median age 59.0 ± 9.0 years) with viral and non-viral
cirrhosis, and HCC as well as 24 patients (20 men and 4 women,
median age 59.0 ± 12.4 years) with non-viral cirrhosis without
HCC are summarized in Table 1. Additionally, some of HCC
patients suffered from other diseases, such as hypertension (HT)
- 20 patients (29.0%) and T2DM - 27 patients (39.1%). Among
cirrhotic patients 4 (16.7%) of them suffered from HT and 9
(37.5%) from T2DM. As a leading risk factor of HCC, viral
cirrhosis was presented among 43 patients (62.3%), 35 of them
were HCV positive and 8 - HBV positive. The diagnosis of
cirrhosis was based on imaging. Despite the fact that liver biopsy
is considered as a gold standard of cirrhosis diagnosis, none of
the patients had performed invasive diagnostic procedures. The
control group comprised 20 healthy volunteers (10 females/10
males), age 40.6 ± 5.5 years.

General characteristic of HCC patients, cirrhotic patients and
healthy volunteers are presented in Table 1.

Comparison of hepatocellular carcinoma patients, cirrhotic
patients and control group with respect to serum irisin and
betatrophin and glucose metabolism

When compared HCC patients with healthy volunteers, there
were significantly increased betatrophin levels in HCC patients
(33.7 ± 13.4 versus 12.3 ± 2.00 ng/ml; P < 0.001). Similar results
were observed when compared cirrhotic patients with control
group (36.8 ± 26.9 versus 12.3 ± 2.0 ng/ml; P < 0.001). However
there was no significant difference in betatrophin concentration
between HCC and cirrhotic patients (33.7 ± 13.4 versus 36.8 ±
26.9; P = 1.00) (Fig. 1A). Serum irisin level was significantly
lower comparing HCC and control groups (2.52 ± 1.14 versus
4.46 ± 1.34 µg/ml; P = 0.02). There was no significant differences
between cirrhotic patients and healthy volunteers as well as HCC
and cirrhotic patients with respect to irisin levels (Fig. 1B).
Comparison of HCC patients, cirrhotic patients and control group
with respect to serum irisin and betatrophin is presented in Table
2. fasting insulin level was significantly higher in HCC patients
compared to control group (20.2 ± 20.9 versus 10.2 ± 3.4
mIU/ml, P = 0.002) and in cirrhotic patients compared to healthy
volunteers (19.7 ± 31.9 versus 10.2 ± 3.4 mIU/ml, P = 0.04),
while there was no difference between HCC and cirrhotic
patients. Similary fasting glucose concentration (106.8 ± 43.9
versus 89.9 ± 9.5 mg/dl; 112.1 ± 44.4 versus 89.9 ± 9.5 mg/dl)
and HOMA-IR (5.47 ± 8.10 versus 2.53 ± 0.09; 5.46 ± 7.98
versus 2.53 ± 0.09) were significantly higher among HCC as well
as cirrhotic patients in comparison to control group.

Comparison between males and females with hepatocellular
carcinoma

Serum betatrophin concentration was significantly higher in
women compared to men (46.1 ± 9.1 versus 26.3 ± 13.4 ng/ml;
P = 0.008). There was no significant difference in irisin
concentration between males and females (P = 0.78) (Table 3).

Comparison between patients with viral and non-viral livers
disease

Betatrophin serum concentration was significantly increased in
patients with viral compared to those with non-viral disease
etiology (34.8 ± 12.9 versus 26.1 ± 13.8; P < 0.001). furthermore,
this elevation became more evident if we considered only HCV
positive patients (39.2 ± 11.9 versus 26.1 ± 13.8 ng/ml; P = 0.02).
There was no significant difference in serum irisin levels when
compared patients with viral and non-viral disease (2.12 ± 1.13
versus 3.02 ± 1.10 µg/ml; P = 0.32). Additionally, we observed
significantly higher levels of alpha-fetoprotein (AfP) (37.7 ±
1414.2 versus 4.82 ± 13.1 ng/ml; P < 0.001) and carcinoembryonic
antigen (CEA) (3.11 ± 3.36 versus 2.30 ± 1.61 ng/ml; P = 0.03) in
the group of HCC patients with viral compared to those with non-
viral disease etiology. Inversely, albumin and glucose serum
concentrations were significantly decreased in HBV and HCV
positive patients when compared to non-viral patients. There were
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Parameter 
HCC 
group 
n = 69 

Cirrhosis 
group 
n = 24 

Control 
group 
n = 20 

HCC/  
Cirrhosis 
(P-value) 

HCC/  
Control  
(P-value) 

Cirrhosis/  
Control 
(P-value) 

Betatrophin 
(ng/ml) 

 

33.7 ± 13.3 36.8 ± 26.9 12.3 ± 2.0 1.00 < 0.001 < 0.001 

Irisin  
(µg/ml) 2.52 ± 1.14 2.88 ± 1.85 4.46 ± 1.34 0.55 0.02 0.14 

 
 
  

Table 2. Comparison of hepatocellular carcinoma patients, cirrhotic patients and control group with respect to serum irisin and
betatrophin. All results presented as median ± SD.



no significant differences with respect to insulin and HOMA-IR
levels in the groups of patients with viral and non-viral disease
(Table 4).

Comparison between patients with and without type 2 diabetes
mellitus and between obese and non-obese ones

No significant difference was observed in betatrophin and
irisin serum concentrations among patients with and without

T2DM (30.2 ± 13.9 versus 34.1 ± 13.1 ng/ml; P = 0.74; and
2.44 ± 1.20 versus 2.68 ± 1.12 µg/ml; P = 0.81, respectively).
When compared HCC patients with and without obesity there
was also no significant difference in betatrophin and irisin
levels (30.9 ± 12.2 versus 36.8 ± 14.3 ng/ml; P = 0.45; and
2.47 ± 1.20 versus 2.87 ± 1.08 µg/ml; P = 0.18, respectively).
The patients were also divided into two groups based on
fasting blood glucose level (fasting glucose < 100 and ≥ 100
mg/dl). However, neither betatrophin nor irisin serum
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Fig. 1. (A): Comparison of
betatrophin concentration
between HCC patients,
cirrhotic patients and
healthy volunteers. (B):
Comparison of irisin
concentration between HCC
patients, cirrhotic patients
and healthy volunteers.



concentrations differed significantly between these groups
(27.7 ± 13.2 versus 34.8 ± 13.5 ng/ml; P = 0.28 and 2.19 ±
1.10 versus 2.81 ± 1.10 µg/ml; P = 0.07, respectively).

Comparison of hepatocellular carcinoma patients with different
HOMA-IR values

Patients were divided into two groups according to HOMA-IR
value: first group with HOMA-IR < 4 included 25 and second
group with HOMA-IR ≥ 4 included 44 subjects. Serum betatrophin
and irisin levels tended to be higher in patients with higher insulin
resistance but the difference was not statistically significant (P =
0.08 and P = 0.68, respectively). The comparison of these patients
is shown in Table 5.

Comparison of hepatocellular carcinoma patients with different
platelets count and those with and without hypertension

We also tested the relationship between platelets count and
serum betatrophin and irisin levels. Patients were divided into
two groups: first including 28 patients with platelets count >
100000/mm3 and second one including 41 subjects with platelets
count ≤ 100000/mm3. Serum betatrophin levels increased
significantly among patients with lower platelets count (21.1 ±
12.8 versus 41.9 ± 11.2 ng/ml; P < 0.001). On the other hand,
irisin levels did not differ significantly between both groups
(2.98 ± 1.20 versus 2.34 ± 1.10 µg/ml; P = 0.17). Additionally,
when compered patients with and without hypertension (HT),
serum betatrophin level was significantly lower in those with
when compared to those without HT (24.4 ± 12.0 versus 41.2 ±
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Parameter Males 
n = 54 

Females 
n = 15 

P 

Betatrophin  
(ng/ml) 26.3 ± 13.4 46.1 ± 9.1 0.008 

Irisin  
(µg/ml) 2.55 ± 1.17 2.44 ± 1.04 0.78 

Fasting insulin  
(ng/ml) 0.79 ± 0.88 1.32 ± 0.94 0.01 

GGTP  
(IU/l) 112.5 ± 213.4 53.0 ± 53.2 0.004 

Creatinine  
(mg/dl) 0.81 ± 4.98 0.64 ± 0.18 < 0.001 

CEA  
(ng/ml) 2.47 ± 2.90 4.59 ± 2.70 0.008 

HOMA-IR 
 4.88 ± 8.04 8.63 ± 7.94 0.04 

 
      

        
 
  

Table 3. Comparison of analyzed parameters between males and females with hepatocellular carcinoma. All results presented as
median ± SD.

CEA, carcinoembryionic antigen; GGTP, gamma-glutamyltransferase; HOMA-IR, homeostasis model assessment for insulin resistance.

 
 

 
              

               
 

Parameter Viral  
n = 43 

Non-viral  
n = 26 P 

Betatrophin  
(ng/ml)  34.8 ± 12.9 26.1 ± 13.8 < 0.001 

Irisin  
(µg/ml) 2.12 ± 1.13 3.02 ± 1.10  0.32 

AFP  
(ng/mL) 37.7 ± 1414.2 4.82 ± 13.1 < 0.001 

CEA  
(ng/mL) 3.11 ± 3.36 2.30 ± 1.61  0.03 

Albumin  
(g/dl) 3.00 ± 0.5 3.55 ± 0.61 < 0.001 

Fasting glucose  
(mg/dL) 106.8 ± 40.9 111.9 ± 48.5    0.002 

Fasting insulin  
(ng/ml) 0.88 ± 0.95 0.92 ± 0.84  0.89 

Fasting insulin  
(mIU/mL) 19.7 ± 22.0 21.3 ± 19.5  0.81 

HOMA-IR  
 5.30 ± 6.72 5.49 ± 10.07  0.67 

 
        

      
 
  

Table 4. Adipokine serum levels and other laboratory test results of hepatocellular carcinoma patients with and without viral etiology
of disease. All results presented as median ± SD.

AfP, alpha-fetoprotein; CEA, carcinoembryionic antigen; HOMA-IR, homeostasis model assessment for insulin resistance.



13.1 ng/ml; P = 0.02). There was no statistically significant
difference in irisin serum concentration among these two groups
(2.55 ± 1.20 versus 2.52 ± 1.14 µg/ml; P = 0.96). There were also
no significant differences with respect to glucose, insulin and
HOMA-IR levels in the groups of patients with and without HT.

Results according to Barcelona clinic liver cancer classification

The patients were also divided according to BCLC
classification. Stage A was diagnosed in 12, stage B in 20 and
stage C in 16 patients. None of analyzed patients were qualified
for stage D. There was a significant decrease in irisin serum
concentration in more advanced HCC cases, and the difference
was especially evident when compared patients with stage A and
stage C (3.40 ± 1.30 versus 1.89 ± 1.10 µg/ml; P = 0.02). There
was no significant difference with respect to betatrophin levels
in the groups of patients with different stages of BCLC
classification (Table 6).

Results according to Child-Pugh score

According to C-P score HCC patients were divided into 3
groups. Class A was found in 36, class B in 27 and class C in 6
patients. Among patients with non-viral cirrhosis without
intercurrent HCC class A was found in 13, class B in 9 and class
C in 2 patients. Data pertaining to comparison of HCC patients

with various C-P scores are presented in Table 7. When
compared patients with different stage of liver disfunction
according to C-P score serum irisin decreased significantly in
those with more advanced liver disease. The decline of irisin
level was mainly noticeable when we compared patients with
class A and B (3.40 ± 1.20 versus 2.42 ± 0.80 µg/ml; P = 0.04).
Comparison between class B and C of C-P score did not show
any further decrease of serum irisin concentration (2.42 ± 0.80
versus 1.91 ± 1.19 µg/ml; P = 0.91). On the other hand,
betatrophin level increased in patients with more severe liver
cirrhosis (A: 24.1 ± 13.8 versus B: 39.3 ± 11.4 versus C: 46.2 ±
9.4 ng/ml; P = 0.03). Analyzing glucose metabolism among
these three groups of patients with different C-P class, there was
no significant difference in such parameters as: fasting glucose
concentration (A: 106.8 ± 40.2 versus B: 111.1 ± 46.7 versus C:
110.9 ± 58.4 mg/dl; P = 0.98), insulin level (A: 16.6 ± 20.9
versus B: 23.9 ± 20.0 versus C: 25.0 ± 26.0 mIU/ml; P = 0.29)
and HOMA-IR (A: 4.91 ± 6.90 versus B: 6.17 ± 9.60 versus C:
10.6 ± 7.95; P = 0.35).

DISCUSSION

To the best of our knowledge, this is the first study which
provides an analysis of betatrophin in a well-characterized group
of patients with HCC of different etiology. Additionally, this

119

 
 

 
   C           

          
    A          

 

Parameter HOMA-IR < 4  
n = 25 

HOMA-IR ≥ 4  
n = 44 P 

Fasting glucose 
(mg/dL) 96.6 ± 17.6 134.2 ± 48.5 < 0.001 

Insulin  
(mIU/L) 11.0 ± 3.60 35.8 ± 21.4 < 0.001 

Irisin  
(µg/ml) 2.42 ± 13.30 2.60 ± 1.11  0.08 

Betatrophin  
(ng/ml) 24.1 ± 1.2 37.7 ± 12.9  0.68 

 
  

Table 5. Comparison of analyzed adipokines, insulin and glucose serum concentrations in hepatocellular carcinoma patients with
different homeostasis model assessment for insulin resistance (HOMA-IR) values. All results presented as median ± SD.

 
 

 
              

              
       

 

Parameter Stage A  
n = 12 

Stage B  
n = 20 

Stage C  
n = 16 P 

Irisin  
(µg/ml) 3.40 ± 1.30 2.52 ± 1.00 1.89 ± 1.10 0.03 

Betatrophin 
(ng/ml) 27.9 ± 15.4 31.6 ± 13.1 43.4 ± 12.6 0.21 

 
  

Table 6. Irisin and betatrophin concentrations with regards to the severity of hepatocellular carcinoma, as evaluated according to the
Barcelona clinic liver cancer (BCLC) staging. All results presented as median ± SD.

 
 

 
              

             A     
    

 

Parameter Child-Pugh A 
n = 36 

Child-Pugh B 
n = 27 

Child-Pugh C 
n = 6 P 

Irisin  
(µg/ml) 3.40 ± 1.20 2.42 ± 0.80 1.91 ± 1.19 0.03 

Betatrophin  
(ng/ml) 24.1 ± 13.8 39.3 ± 11.4 46.2 ± 9.4 0.03 

HDL  
(mg/dl) 42.9 ± 33.9 35.5 ± 29.1 23.4 ± 11.2 0.004 

 

Table 7.Adipokine serum levels and high density lipoprotein (HDL) concentration with regards to the severity of cirrhosis, as assessed
according to the Child-Pugh score. All results presented as median ± SD.



study analyzed also serum irisin levels among these patients. To
confine the diversity of the study group, patients with
autoimmune liver diseases such as PSC, PBC and AIH, which
comprise relatively small proportion of cirrhosis etiology, were
excluded. As it was mentioned before the inflammatory process
that occurs among these medical conditions might itself
influence myokines secretion (17) and in consequence, derange
final results of our study.

The intriguing finding of our study was that irisin was
significantly lower in patients with HCC than in healthy
volunteers and it was independent of disease etiology, since there
was no significant difference in serum irisin levels when
compared patients with viral and non-viral disease. The different
levels of this myokine may suggest that it plays an important role
in HCC pathogenesis, especially if we consider the fact that there
was a significant decrease in irisin serum concentration in more
advanced HCC cases according to BCLC classification.
Additional hint indicating possible role of irisin in HCC
development is decrease of its serum levels in patients with more
advanced liver disfunction according to C-P score. However, the
possibility that this decrease is secondary to liver disease cannot
be completely excluded, especially if we consider the impact of
skeletal muscle depletion, sarcopenia and cachexia, observed in
advanced cirrhosis, on irisin levels. Decrease of irisin is directly
associated with chronic loss of whole body muscle mass, due to
the fact that this myokine is predominantly produced and secreted
from skeletal muscle (13). An evident tendency for reduced irisin
level was observed in the group of patients with non-viral cirrhosis
without intercurrent HCC compared to healthy volunteers,
although the difference did not reach statistical significance as we
could observed between HCC and control groups. This may
potentially indicate the role of this myokine in carcinogenesis. On
the other hand, there was no significant difference in serum irisin
levels between cirrhotic patients with and without HCC. This
finding may suggest poor appropriability of irisin as a diagnostic
marker of carcinogenesis in cirrhotic liver.

According to data presented by Gaggini et al. (24), hepatic
mRNA expression of fNDC5/irisin was significantly higher in
HCC patients than in controls. According to those results, only
in HCC patients irisin over-expression was associated with gene
expression of factors involved in lipogenesis, inflammation and
cancer. Another study revealed similar over-expression of
fNDC5/irisin in HCC-tissue of twenty patients with HCC of
unknown etiology in comparison to non-tumor liver specimens
used as the controls, without concomitant increase of serum
concentration (25). Additionally, it has been shown that irisin
significantly increase proliferation, invasiveness, and migration
of human liver cancer cells in vitro through activation of the
phosphoinositide 3-kinase/protein kinase B (PI3K/AKT)
pathway. In spite of the HCC- tissue over-expression of irisin in
both studies, the comparison of serum level of this myokine
between HCC patients and controls in our study surprisingly
revealed decreased irisin concentration in HCC patients. This
inconsistency between mRNA and plasma irisin levels could be
explained by post-transcriptional or post-translational events
(i.e. protein half-life, protein degradation etc.). furthermore,
liver is considered as target tissue for irisin and hepatobiliary
mechanism is indicated as one of the main route of irisin
elimination (26), which could clarify lower plasma myokine
concentration. It is worth mentioning that one of the recent
studies performed on the greater sample size showed significant
downregulation of fNDC5/irisin expression in patients with
HCC (27). On the other hand, Aydin’s study (28) indicated that
irisin expression was increased significantly in gastrointestinal
cancer tissues, except for HCC.

Suppressive effect of irisin on cell number, migration and
viability in breast cancer, osteosarcoma and lung cancer has been

reported (29-32). The suppressive mechanisms included down-
regulation of nuclear factor kappa B (Nf-κB) activity in
malignant cell lines, inhibited epithelial-to-mesenchymal
transition (EMT) and reduced the invasion of cancer cells.
Several studies confirmed great contribution of EMT in the
progression of this cancer via allowing tumor cells to gain
metastatic features (33-35). In the view of mentioned studies we
may assume that explicit decrease of irisin, among HCC patients
in our study, leads to disappearing of its suppressive effect on
EMT and subsequently simplifying cancer progression.
furthermore, it could also explain reduction of irisin level in
more advanced HCC, since our results demonstrate evident and
statistically significant difference of myokine levels between
each stage of HCC based on BCLC. Another intriguing findings
which may explain indirect influence of lower irisin level on
carcinogensis were presented by Mazur-Bialy et al. (36). This
study indicated that irisin possesses an important antioxidazing
and anti-inflammatory properties and may protect cells from the
damage induced by reactive oxygen species (ROS), which
elevated levels are observed in pathogenesis of some cancers.

Several human research studies focused on the potential
association between circulating irisin levels and obesity or
T2DM (37, 38). Last meta-analysis, involving a total of 23
observational studies (6 case control studies and 17 cross-
sectional studies) with 1745 diabetic and 1339 non-diabetic
individuals, showed reduction of irisin in T2DM (39). Despite,
different results, the influence of metabolic disorders on serum
irisin concentration is indisputable.

To exclude a potential influence of obesity and T2DM,
which may interfere with irisin serum levels, we compared HCC
patients with obesity and T2DM to the rest of the patients with
cancer. Our results showed no significant differences in irisin
serum concentration when compared those groups of HCC
patients. These findings indicate that neither obesity nor T2DM
interfere with decline irisin concentration in HCC patients.

According to literature irisin is suggested to be an important
factor in fat and glucose metabolism and IR. Most of studies
showed positive correlation between irisin and HOMA-IR (40,
41). Irisin up-regulation in response to IR might be a
compensatory mechanism enhancing metabolic homeostasis.
Unexpectedly in our study irisin was not up-regulated in patients
with higher IR. However, we cannot exclude that relatively high
IR among our patients is a direct effect of liver cirrhosis and
presence of HCC that could influence final results.

Another intriguing finding, showed in our study for the first
time was serum irisin to be associated with HCC grade with
significant decrease in patients with more advanced cancer stage
according to BCLC classification. This decline was especially
emphasized comparing stage A (early stage) and stage C
(advanced stage) patients. Main differences between these two
stages eventuate from presence of vascular invasion and/or nodal
disease and/or metastatic disease as well as worse PS according
to The Eastern Cooperative Oncology Group (ECOG) PS scale
in the stage C (42). As it was mentioned above, reduced
inhibition of EMT due to decrease of irisin may potentiate
vascular and nodal invasion or metastasis of HCC and in
consequence emphatically explain the difference of irisin
concentration between different stages of cancer.

Additionally, our study showed the decrease of serum irisin
to be associated with the severity of cirrhosis according to the C-
P scale. Meza-Junco’s study, involving 116 patients with viral
and non-viral HCC and cirrhosis, showed that sarcopenia is
possibly associated with higher C-P scale score (43). According
to Peng et al. (44) irisin is a factor that potentially prevents
development of fibrosis in chronic kidney disease via inhibiting
the activation of transforming growth factor beta (TGf-β)
receptor. Supposable, decrease of circulating irisin may results in
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escalation of fibrosis due to disappearing of its preventive role.
On the other hand, it is possible that cirrhosis is the cause of
decreased irisin concentrations. It is proved that irisin is also
synthesized in human liver (45, 46).

Another aim of our study was to investigate the relationship
between betatrophin and HCC, which has not been investigated
so far. Many other authors already focused on and have
confirmed the abnormal levels of betatrophin in clinical states
that are widely considered to be risk factors for HCC such as
obesity, T2DM, cirrhosis or NAfLD (10-12). Our study found
betatrophin serum levels to be significantly elevated in HCC
patients compared to controls, but not to of non-HCC cirrhotic
patients. Serum betatrophin was also significantly higher
comparing non-HCC cirrhotic patients to healthy volunteers.

The potential role of betatrophin in carcinogenesis may
depend on the presence of hepatotropic viruses infection. We
found, for the first time, serum concentration of betatrophin to be
significantly higher in HCC patients with viral compared to
those with non-viral disease etiology. This difference became
more evident if we consider only HCV positive patients. The
possible factor, which may connect changes of serum
betatrophin level with HCV infection is Nf-κB, which when
excessively activated plays critical roles in many autoimmune
and inflammatory diseases (47). Liao et al. (48) indicated that
ANGPTL8 promotes the activation and may be related to the
hyperactive Nf-κB signaling during inflammatory process.
According to Li et al. (49), HCV infection induces Nf-κB
activation and the subsequent liver inflammatory response. What
is interesting, HCV infection results in mitogen-activated protein
kinases (MAPKs) activation, which leads to subsequent
activation of the IKK-IKB-Nf-κB pathway, the same that was
reported to be inhibited by ANGPTL8 (50, 51). Regarding the
studies mentioned above, we can suspect that Nf-κB is a
common factor connecting pathogenesis of CHC and changes of
serum betatrophin level, however the role of it is still unclear and
require further investigation.

Additionally, Karlidag and Solmaz (52), in a recent study,
found immunoreactivity of betatrophin in biopsy liver samples
of HCV infected patients to be decreased compared to the
control group. furthermore, it is worth to notice that patients
with HCC in the course of viral disease presented considerable
significantly more evident increase of AfP concentration in
comparison to non-viral group. This finding is not aberrant in
view of publications indicating that the presence of chronic
inflammatory liver diseases such as hepatitis can raise AfP
levels to more than 100 ng/mL in themselves (53).

Our study demonstrated that significantly higher levels of
serum betatrophin in cirrhotic patients with HCC, was associated
with the severity of cirrhosis according to the C-P score. Similar
results were obtained by Arias-Loste et al. in their study
performed on 40 cirrhotic patients. They also showed that level
of circulating betatrophin to be increased in patients with liver
cirrhosis, correlating with the severity of cirrhosis and the
emergence of IR (12).

Insulin resistance, hyperglycemia and T2DM are considered
as independent risk factors for HCC. Development of HCC is
thought to be related to insulin and insulin-like growth factor 1
(IGf-1), which promotes cell growth and proliferation, and
inhibits apoptosis (54, 55). Many studies indicates plasma
insulin and IR as factors influencing betatrophin expression.
While insulin enhances its production through PI3K/Akt
pathway, existing IR results in declined betatrophin level (56,
57). Our study revealed a tendency to up-regulated serum
betatrophin levels in patients with higher IR. However, it is
worth to mention, that most of analyzed patients had HOMA-IR
> 4, so the exact interpretation of our results may be difficult.
Interestingly, in our patients, when divided into two groups

based on fasting blood glucose level (fasting glucose < 100 and
≥ 100 mg/dl), no difference in betatrophin level was found.

As it was mentioned above, IR and insulin influence
ANGPTL8 secretion. Doubtlessly, chronic liver disease
(including cirrhosis) is directly combined with glucose
metabolism disorders. According to Arias-Loste et al. (12) 82%
of cirrhotic patients showed IR alongside increased serum
betatrophin levels. However, it is necessary to carry out further
studies to determine any causal relationship between betatrophin
and IR in HCC patients .

A marked sexual dimorphism, with betatrophin levels was
showed in our study being significantly higher in women than in
men. These results are in accordance with study by Gomez-
Ambrosi (58). Interestingly, depending on the geographical
region, HCC occurs 2 – 4 times more often in men than in
women. The exact cause of this phenomenon is unknown, but it
can be partly explained due to the greater affinity of men for risk
factors for HCC development, such as HBV and/or HCV
infections, smoking and alcohol consumption, even if the role of
androgenic hormones in predisposing males to the progression
to HCC is not clear (1, 2).

Our data showed that there is no significant difference in
level of serum betatrophin in HCC patients with more advanced
stage according to BCLC classification. Whereas the
comparison of surveyed groups on C-P score demonstrated that
serum betatrophin level was dependent on severity of liver
disease. Such results suggest that betatrophin is not strictly
associated with cancer progression, but may influence some
factors leading to cancer development. Additionally, as it was
mentioned above there was significant increase of betatrophin
levels in the groups of HCC as well as cirrhotic patients
compared to controls, whereas we did not observed any
significant difference between HCC and non-HCC cirrhotic
patients. In a view of presented results we can suppose that
betatrophin has an impact on fibrosis progression and cirrhosis
development, rather than carcinogenesis.

Unfortunately, our research has several limitations. first, the
study group consists of a relatively small number of patients.
Second, more than half of the patients have viral etiology of
cirrhosis and HCC, while the rest developed disease due to
alcohol abuse. Moreover, the lack of NAfLD patients with
cirrhosis and concomitant HCC may affect the levels of irisin and
betatrophin in our study. fourth, our study does not include the
assessment of muscle mass, including the possible occurrence of
sarcopenia, which may have a potential effect on the level of
irisin, as mentioned above. fifth, serious limitation of our
research that has to be mentioned, is application of BMI as a
major parameter to assessment the metabolic profile of our
patients. According to Hwang et al. (59) the skeletal muscle mass
to visceral fat area ratio was positively correlated with the serum
irisin concentration and played a key role in the association
between circulating irisin and a patient’s metabolic phenotype. In
the view of above information and highlighting the fact that our
patient, without doubt, had altered body composition, BMI seems
to be invalid parameter in metabolic profile evaluation. Sixth, the
presence of gender disproportion between HCC and control
groups, as the percentage of male patients is distinctly higher
within HCC group. This may interfere with analysis of
betatrophin levels since most of publication confirmed the
presence of sexual dimorphism in ANGPTL8 concentration.
Seventh, there is no assessment of the expression of irisin and
betatrophin in tumor and liver tissue in our study.

In conclusion, we have comprehensively studied the
association between betatrophin, irisin on one side and liver
cirrhosis and HCC on the other sided. To best of our knowledge,
our data is the first to show up-regulated betatrophin serum
levels in HCC patients when compared to healthy controls.
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Serum betatrophin was positively associated with cirrhosis
stage according to C-P score but not with stage of HCC according
to BCLC. This observation suggest betatrophin to be important
factor which influence fibrosis and cirrhosis progression but not
HCC development itself, since we did not observed any
difference between this hepatokine levels among cirrhotic
patients with and without intercurrent cancer. On the other side
serum irisin decreased in patients with HCC, whereas there was
no significant difference in the group of cirrhotic patients without
HCC in comparison to healthy volunteers. Moreover, serum irisin
declined in more advanced cirrhosis and more advanced liver
cancer. These results suggest that lower irisin levels favor faster
fibrosis progression and facilitate cancer progression. Although,
the impact of irisin on hepato-carcinogenesis is still not clear and
requires further investigation. We also cannot exclude that
presented changes in serum betatrophin and irisin levels are at
least partially associated with patient's nutritional disorders.
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