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Abstract

Hepatocellular carcinoma (HCC) is the most common liver cancer, accountable for 90%
cases. Visfatin and vaspin are adipocytokines with various suggested functions and proven
significant correlations between BMI and percentage of body fat. The aim was to assess vis-
fatin and vaspin serum levels in HCC patients and controls, compare their levels in patients
with different cancer etiology and grade assessed according to the Barcelona-Clinic Liver
Cancer (BCLC) staging system. The additional aim was to analyze relationship between
analyzed adipokines and metabolic abnormalities and liver disfunction severity. The study
was performed on 69 cirrhotic patients (54 males/15 females) with HCC, aged 59.0 £ 12.1
years, and with BMI 29.0 + 4.5 kg/m? compared to 20 healthy volunteers. Serum visfatin and
vaspin concentrations were significantly increased in HCC patients compared to controls
(p=0.01and p =0.02, respectively). Serum vaspin was significantly higher in HCC patients
with viral compared to those with non-viral etiology (p = 0.02), with more evident increase in
chronic hepatitis C patients (CHC). Serum visfatin levels were significantly higher in patients
with higher insulin resistance (p = 0.04) and with platelets count > 100 000/mm? (p<0.001).
Patients with BMI >30 kg/m? had markedly up-regulated vaspin levels (p = 0.04). There was
no difference in vaspin and visfatin serum levels with respect to liver dysfunction and

BCLC classification. In conclusion, our study revealed serum vaspin and visfatin to be signif-
icantly increased in HCC patients independently of cancer etiology compared to controls.
Additionally, serum vaspin was elevated in viral disease, especially in CHC. Vaspin up-regu-
lation can be a compensatory mechanism against IR in HCC patients. Serum visfatin and
vaspin, although up-regulated, seem not to be associated with cancer grade and cirrhosis
severity.
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Introduction

Hepatocellular carcinoma (HCC) is the growing problem worldwide. HCC constitutes the 6th
most frequent worldwide malignancy and is 3rd cause of malignancy-related mortality. This
histologic type is the most common liver cancer and is accountable for 90% cases [1].

Approximately 70-90% of HCCs are associated with chronic liver disease and cirrhosis.
The risk factors for developing primary HCCs are chronic hepatitis B (CHB), chronic hepatitis
C (CHC), excessive alcohol consumption, aflatoxin exposure, immune-related liver diseases
and some genetic metabolic malfunctions (e.g. hemochromatosis) [2]. The risk of HCC is
increased when the patients have more than one of HCC risk factors. Significant risk factors
for the development of HCC are also metabolic syndrome, obesity and type 2 diabetes mellitus
(T2DM). Many factors influence the development of nonalcoholic fatty liver disease
(NAFLD), non-alcoholic steatohepatitis (NASH) and carcinogenesis in the course of obesity
and related metabolic abnormalities. They comprise common pathway of intracellular insulin
signaling and affecting insulin sensitivity. Increasing insulin resistance (IR) is related to actu-
ation of inflammatory cascade and angiogenesis and acceleration of cell proliferation. Evident
dysregulation of serum cytokines levels, altered gut microbiota and bile acids composition are
also connected to metabolic syndrome. Dysregulation of adipose tissue derived hormones
(adipocytokines/adipokines) might also be involved in obesity-related liver carcinogenesis [3-
7]. Adipokines disbalance, such as dysregulation in level of adiponectin, leptin, resistin, che-
merin, visfatin and some others, have been identified as a factor increasing fibrosis progres-
sion, inflammation and steatosis in chronic liver diseases including NAFLD/NASH, CHB and
alcoholic liver disease (ALD) [4-9].

Visfatin/nicotinamide phosphoribosyltransferase (NAMPT)/pre-B-cell colony-enhancing
factor (PBEF) is abundantly expressed in the visceral fat of humans and mice. Increased levels
of visfatin are positively correlated with body mass index (BMI) and the size of visceral fat
deposits [10]. Visfatin exerts an insulin mimetic activity, which is mediated by a noncompeti-
tive, distinct binding site on the insulin receptor and can induce the phosphorylation of insulin
receptor, insulin receptor substrate 1 (IRS1) and IRS2. It has also the ability to regulate many
signaling pathways—phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt), extracellu-
lar signal-regulated kinas 1/2 (ERK 1/2), mitogen-activated protein kinase (MAPK) and signal
transducer and activator of transcription 3 (STAT3) [11]. Visfatin induces production of vas-
cular endothelial growth factor (VEGF), matrix metalloproteinase-2 (MMP-2) and MMP-9 in
vascular endothelial cells. Possibly through activation of VEGF-MMP pathways visfatin
induces endothelial cells migration, tube formation, and angiogenesis [7,12]. Moreover, visfa-
tin is a proinflammatory cytokine, which can stimulate the expression of tumor necrosis factor
o (TNFa), interleukin 1B (IL-1B), IL-6 and promote the differentiation of B-cells [13]. Dysre-
gulation in visfatin concentration has many pleiotropic and pathophysiological effects, and is
associated with various clinical conditions including obesity, T2DM [13]. In addition, previous
studies have shown positive correlation between increased circulating level of visfatin and the
occurrence, and progression of different types of malignancies. The connection between visfa-
tin and carcinogenesis has been observed in colorectal cancer (CRC), gastric, prostate, breast,
ovarian, pancreatic and oral cancers [11,14]. Positive correlation has been found between
serum visfatin levels and HCC tumor size as well as the presence of NAFLD [15, 16].

Another novel adipokine, vaspin (visceral adipose tissue-derived serine protease inhibitor),
was firstly identified in obese OLETF rats [17]. It has been isolated from both visceral and sub-
cutaneous white adipose tissue. Significant correlations between visceral vaspin expression
and such parameters as BMI, percentage of body fat and the level of plasma glucose following
2-h oral glucose tolerance testing were proved [7]. Additionally, its subcutaneous expression
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significantly correlated with waist-to-hip ratio, fasting plasma insulin concentration and glu-
cose infusion rate during the steady state of an euglycemic-hyperinsulinemic clamp [8, 18].
Vaspin expression is strongly dependent on insulin sensitivity and percentage of body fat.
Recent studies also found that vaspin gene in human adipose tissue and circulating vaspin lev-
els were up-regulated by obesity-associated diseases and T2DM, probably proving its compen-
satory role in that states [18]. Furthermore, vaspin has been shown to significantly improve
glucose tolerance and insulin sensitivity in murine, suggesting that it may represent an insu-
lin-sensitizing adipokine [19]. Vaspin has been found to down-regulate the expression of pro-
fibrogenic and proinflammatory agents such as leptin, TNFo. and resistin. Progressive,
significant liver fibrosis is associated with increase of the serum vaspin level in CHC [20].

Pointing to a wide spectrum of visfatin and vaspin activities the aim of the study was to mea-
sure the serum levels of visfatin and vaspin in HCC patients with subsequent differentiation with
respect to disease etiology and the severity of liver dysfunction. The additional purpose was to
assess relationship between their serum levels and HCC grade and progression. Finally, we tried
to assess relationship between visfatin and vaspin levels and T2DM and IR in HCC patients.

Materials and methods

The research was carried on adults. They all agreed formally to take part in the project. The
patients who took part in the project were either hospitalized at our unit or had been entered
into our database and thus signed into the project.

The study was performed on 69 cirrhotic patients (54 males/15 females) with contrast com-
puted tomography (CT) and/or magnetic resonance imaging (MRI) confirmed HCC, aged
59.0 + 12.1 years, and with BMI 29.0 + 4.5 kg/m”. The number of patients was limited to those
diagnosed, additionally we excluded patients with no permission for contribution in research,
insulin dependent diabetes mellitus, other malignancies, chronic heart failure, chronic kidney
disease, psychiatric disorders, alcohol consumption of more than 20 g/day, thyroid disorders.
The exclusion criteria were also cirrhosis due to primary sclerosing cholangitis (PSC), primary
biliary cholangitis (PBC), autoimmune hepatitis (ATH) and drug induced liver disease. The
control group comprised 20 healthy volunteers (10 females/10 males), with normal alanine
aminotransferase (ALT) activity, alcohol consumption of less than 20 g/day, without anti-hep-
atitis C virus (anti HCV) antibodies, without hepatitis B surface antigen (HBsAg) and HIV-
negative, age 40.6 + 5.5 years and BMI 25.4 + 4.1 kg/m”. The assessed clinical and laboratory
parameters in both groups are presented in Table 1.

Vaspin and visfatin serum concentrations were assessed in duplicate by an immunoenzy-
matic method with commercially available enzyme immunoassay (EIA) or enzyme-linked
immunosorbent assay (ELISA) kits: Human Vaspin ELISA Kit (sensitivity 0.01 ng/mL; Intra-
assay CV 6.5-8.7%; Inter-assay CV 5.8-9.5%; catalogue No. RD191097200R; BioVendor-
Laboratorni medicina a.s.); and Visfatin (NAMPT) Human ELISA Kit, (sensitivity 30 pg/mL;
Intra-assay CV 2.3-9.1%; Inter-assay CV 4.6-7.2%; catalogue No. RAG004R, BioVendor-
Laboratorni medicina a.s.). Insulin concentration was measured using a Diametria Insulin
EIA Kit (catalogue No. DKO076; Diametra S.r.1).

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 amino-
transferase (AST) activity at 40 IU/L. Insulin resistance was calculated according to the
homeostasis model assessment for IR (HOMA-IR) by the formula: fasting insulin level (mUI/
L) x fasting glucose level (mg/dL)/405. Because HOMA-IR was up-regulated in most of ana-
lyzed patients, for further analysis patients were divided into two subgroups with HOMA-IR
value below 4 and equal to or above 4.
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Table 1. The baseline characteristics and laboratory data of patients and healthy volunteers.

Parameter
Age [years]

BMI [kg/m2]
Waist grith [cm]
Vaspin [ng/mL]
Visfatin [ng/mL]

Fasting insulin [ng/mL]
Fasting insulin [mIU/mL]
WBC [106/pL]

HGB [mg/dL]

PLT [106/yL]

ALT [IU/L]

AST [IU/L]

FA [IU/L]
GGTP [IU/L]
Fasting glucose [mg/dL]
Urea [mg/dL]
Creatinine [mg/dL]
Bilirubin [mg/dL]
Cholesterol [mg/dL]
Tryglicerides [mg/dL]
HDL [mg/dL]
Prothrombin index [%]
Total protein [g/dL]
Albumine [g/dL]
AFP [ng/mL]
CEA [ng/mL]

CA 19.9 [U/mL]
HOMA-IR

https://doi.org/10.1371/journal.pone.0227459.t001

HCC patients (N = 69) Healthy volunteers (N = 20) P
59.0 £ 12.1 40.6 £ 5.5 0.65
29.0 £ 4.5 254+4.1 0.25

102.0 £ 12.5 78254 0.03
0.18 £ 0.93 0.10 £ 0.08 0.05
450 £1.79 2.62 +1.47 0.04
0.89 £ 0.91 0.44 £ 0.15 0.002
20.2 £20.9 10.2 £ 3.45 0.002
4.30 £ 2.46 5.20 £ 0.85 0.35
12.2+2.45 145+ 1.41 0.14
88.5 £ 85.0 220.5 £ 50.7 0.02
45.0 +48.5 22.6 +13.6 0.01
63.0 £ 65.1 24.0+9.8 0.008
110.0 £ 89.4 65.5+ 25.6 0.01
91.0 + 194.6 24.6 £ 15.7 <0.001
106.8 £43.9 89.9+9.5 0.02
35.3+30.5 31.6+9.4 0.45
0.79 £ 0.27 0.78 £ 0.13 0.09
1.58 £18.1 1.10 £ 0.45 0.01
147.0 £ 50.1 169.7 £ 50.5 0.65
105.0 £ 78.64 128.6 £ 214 0.31
37.4+31.0 449+ 8.1 0.42
75.0 + 14.1 95.7+5.3 0.03
7.10 £ 0.94 7.30 £ 0.31 0.12
3.10 £ 0.59 4.85+ 0.34 0.04
16.0 + 1145.0 12.7 + 1.80 <0.001
2.86 £ 2.91 2.45 % 2.56 0.54
15.1+89.3 19.7 + 4.6 0.28
5.47 £ 8.10 2.53 £0.09 <0.001

For further analysis, we defined two subgroups with respect to BMI value: BMI < 30 and
BMI > 30 kg/m”. Patients with a BMI of > 30 kg/m* were classified as being obese based on the
guidelines of the World Health Organization [21]. The diagnosis of T2DM was made according
to the World Health Organization criteria [22], with a value of fasting blood glucose level of
>126 mg/dL on at least two occasions, or ongoing treatment with hypoglycemic agents.

All of the outcomes were assessed according to Child-Turcotte-Pugh (CTP) score and Bar-
celona Clinic Liver Cancer (BCLC) classification. Child-Turcotte-Pugh score in actual modifi-
cation is a predictor of prognosis of liver cirrhosis with some limitation. It consist of 3
continuous variables (bilirubin, albumin, prothrombin time), and 2 discrete variables (ascites,
encephalopathy). Obtained CTP scores correspond to the total points of each item. The sum of
these point characterizes patient to one out of three classes: A (5-6 points), B (7-9 points), C
(10-15).

The study was approved by the Ethical Committee of the Medical University in Wroclaw
and conformed to the ethical guidelines of the Declaration of Helsinki. Informed written con-
sent was obtained for the whole study series.

The statistical analysis was performed with STATISTICA 10.0 (StatSoft Polska Sp. z 0.0.,
Cracow, Poland). The data were expressed as median * standard deviation (SD). The Shapiro-
Wilk test was used to evaluate the distribution. The statistical significance of the difference in
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studied variables were tested using the Mann-Whitney U-test and ANOVA rang Kruskal-
Wallis tests for independent groups. Correlations were analyzed with the Spearman rank cor-
relation coefficient. Statistical significance was defined as values of p<0.05.

Results and discussion
Baseline characteristics and laboratory data of HCC patients and control group

The baseline characteristics and laboratory data of 69 cirrhotic patients with HCC (54 men
and 15 women, mean age 59.0+12.1 years) and controls have been summarized in Table 1.
Mean BMI was 29.0+4.5 kg/m?. Viral cirrhosis was presented among 43 patients (62.3%).
Chronic hepatitis C confirmed by the presence of HCV genotype 1b RNA was diagnosed in 35
patients. The remaining 8 of those patients were diagnosed with positive serologic markers for
hepatitis B. NAFLD/NASH derived cirrhosis was found in 26 patients. Our study included 27
patients with T2DM and 20 patients with hypertension (HT).

Characteristics of the study group according to child-turcotte-pugh score
and barcelona clinic liver cancer

All 69 HCC patients had liver cirrhosis. Patients were divided according to CTP score into 3
groups: class A including 36 patients, class B- 27 patients and class C- 6 patients. All HCC
cases were divided into 4 four groups according to BCLC classification according to disease
stage. Stage A was found in 12, stage B in 20, stage C in 16 patients. None of analyzed patients
were in stage D.

Comparison of serum visfatin and vaspin between HCC patients and
control group

Serum visfatin concentration was significantly higher in HCC patients compared to healthy
volunteers (4.50+1.79 vs 2.62+1.47 ng/mL; p = 0.04) (Fig 1A). The serum vaspin level was also
significantly higher in HCC patients than in control group (0.18+0.93 vs 0.10+0.08 ng/mL;

p = 0.05) (Fig 1B). In addition, the serum vaspin concentration was significantly lower among
men compared to women (0.13+1.02vs 0.42+0.53 ng/mL; p = 0.01).

Comparison of HCC patients with respect to etiology, metabolic
abnormalities and T2DM presence, BCLC and CTP scores

Pointing to disease etiology, serum concentration of vaspin was significantly higher in HCC
patients with viral compared to those with non-viral etiology (0.23+0.88 vs 0.10+1.02 ng/mL;
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Fig 1. A. Serum visfatin concentration in HCC patients compared to healthy volunteers. B. Serum vaspin
concentration in HCC patients compared to healthy volunteers.

https://doi.org/10.1371/journal.pone.0227459.9001
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p = 0.02) (Table 2). There were no similar findings observed in visfatin serum level in those
both groups (4.62+1.84 vs 4.48 + 1.73 ng/mL; p = 0.59). Furthermore, the elevation of serum
vaspin level became more evident when only CHC patients were compared to those with non-
viral etiology of liver disease (0.41+0.94 vs 0.45+1.02 ng/mL; p = 0.003). In addition, viral etiol-
ogy of HCC and presence of HCV RNA were associated with higher serum concentration of
alpha-fetoprotein (AFP) (37.7+1414.2 vs. 4.82+13.1 ng/mL; p<0.001) and carcinoembryonic
antigen (CEA) (3.11+3.36 vs. 2.30+1.61 ng/mL; p = 0.03).

No difference was observed in visfatin and vaspin serum concentrations among patients
with and without T2DM (4.81+1.50 vs 4.13+1.93 ng/mL; p = 0.23; and 0.15+1.0 vs 0.19+0.87
ng/mL; p = 0.65, respectively). However, fasting insulin level was significantly higher in HCC
patients compared to control group (20.2+20.9 vs 10.2+3.45 mIU/mL, p = 0.002).

Patients were divided according to HOMA-IR value into two groups: first group including
25 patients with HOMA-IR < 4 and second one encompassing 44 subjects with HOMA-

IR > 4. Serum visfatin levels were significantly higher in patients with higher IR (p = 0.04),
whereas there was no difference with respect to serum vaspin concentration (p = 0.76)
(Table 3).

We also compared groups of patients with HCC according to BCLC classification. There
was no difference in visfatin and vaspin serum levels (p = 0.90 and p = 0.53). Serum vaspin and
visfatin concentration also did not differ between HCC patients with various CTP score
(p=0.59 and p = 0.11). No significant difference was also observed in fasting insulin level, fast-
ing glucose level and HOMA-IR in any of those BCLC groups of HCC patients. (Table 4)

According to platelets count patients were divided into two groups: first group including 28
subjects with platelets count > 100 000/mm? and second one incorporating 41 patients with
platelets <100 000/mm”. Serum visfatin levels were significantly higher among patients with
platelets count >100 000/mm> compared to those with platelets count < 100 000/mm? (5.27
+1.40 vs 3.31+1.70 ng/mL; p<0.001) (Table 5). No statistically significant difference was
observed in vaspin serum concentration among those groups of patients (0.12+1.00 vs 0.20
+0.90 ng/mL; p = 0.23). Among group of subjects with platelets count > 100 000/mm? com-
pared to those with platelets count <100 000/mm? significantly higher serum AFP (37.8

Table 2. Serum concentration of vaspin, visfatin, AFP, CEA, fasting insulin, fasting glucose and HOMA-IR in HCC patients with viral etiology compared to those
with non-viral etiology of HCC, and HCV positive patients compared to those with non-viral liver disease.

Parameter
Vaspin [ng/mL]
Visfatin [ng/mL]

AFP [ng/mL]
CEA [ng/mL]

Fasting insulin [mIU/mL]

Fasting glucose [mg/dL]

HOMA-IR
Parameter
Vaspin [ng/mL]
Visfatin [ng/mL]
AFP [ng/mL]
CEA [ng/mL]

Fasting insulin [mIU/mL]

Fasting glucose [mg/dL]

HOMA-IR

https://doi.org/10.1371/journal.pone.0227459.t1002

Viral etiology (N = 43) HCV and HBYV negative (N = 26) P
0.23 +0.88 0.10 + 1.02 0.02
4.62 +1.84 448 +1.73 0.59
37.7 £ 1414.2 4.82+13.1 < 0.001
3.11 £ 3.36 230+ 1.61 0.03
19.7 £22.0 21.3£19.5 0.81
106.8 + 40.9 111.9 +48.5 0.002
530 +6.72 5.49 +10.07 0.67
HCYV positive (N = 35) HCYV and HBV negative (N = 26) P
0.41 £ 0.94 0.10 £ 1.02 0.003
4.43 +1.93 448 +£1.73 0.66
37.9£1262.9 4.82+13.1 < 0.001
3.32 £ 3.60 2.30 £ 1.61 0.01
21.0£19.6 21.3+19.5 0.96
112.3 +42.1 111.9 + 48.5 0.8
6.11 + 6.68 5.50 = 10.10 091
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Table 3. Serum glucose, insulin, vaspin and visfatin levels according to HOMA-IR value.

Parameter
Fasting glucose [mg/dL]
Insulin [mIU/L]
Vaspin [ng/mL]
Visfatin [ng/mL]
https://doi.org/10.1371/journal.pone.0227459.t003

HOMA-IR < 4 HOMA-IR > 4 P
96.6 + 17.6 134.2 +48.5 < 0.001
11.0 + 3.60 35.8+21.4 < 0.001
0.14 + 1.00 0.18 + 0.88 0.76
4.81 + 1.60 4.01+1.83 0.04

+1294.2 vs 7.91+£1036.2 ng/mL; p<0.001), albumin (3.40+0.70 vs 3.00+0.50 ng/mL; p = 0.02),
total cholesterol (166.8+55.0 vs 143.6+40.5ng/mL; p = 0.05) and triglycerides concentrations
(123.6%42.0 vs 94.6+96.2 ng/mL; p = 0.01) were found. Inverse results were observed with
respect to serum insulin concentrations (12.5+15.9 vs 25.5+22.7 mIU/L; p = 0.003), and
HOMA-IR value (2.8246.40 vs 7.06+8.80; p = 0.001) when compared those groups.

Serum vaspin level was significantly higher among patients with BMI > 30 kg/m” compared
to subjects with BMI < 30 kg/m” (0.23+0.60 vs 0.12+1.16, p = 0.04), whereas serum visfatin
concentration did not differ between these groups (p = 0.32).

Obesity and IR are core components of the metabolic syndrome and also significant risk
factors for the development of HCC. The detailed mechanism linking related metabolic abnor-
malities to their complications has been trying to be revealed by some studies. It has been
reported that abnormalities in the circulating levels of visfatin and its gene expression are
related to BMI and markers of insulin sensitivity in metabolic syndrome patients [10,23]. In
this study, we evaluated the potential value of serum visfatin and vaspin in HCC patients.
Obtained results indicated that serum visfatin and vaspin levels were significantly elevated in
patients with HCC when compared to healthy volunteers. In addition, serum visfatin levels
were significantly higher in patients with higher IR.

Potential role of visfatin in the development of HCCs as a complication of metabolic abnor-
malities has been shown in some studies. First study by Ninomiya et al. suggested that visfatin
is one of the key adipokines that links obesity and the progression of HCC [15]. It revealed
potential role of visfatin, which actually might act as a growth factor in HCC cells, which could
be implicated in to increase of HCC cells proliferation.

Several studies suggest that the role of visfatin in the development of the previously men-
tioned cancer has been connected to several possible mechanisms. First, visfatin might be a
proinflammatory molecule produced by adipose tissue macrophages that could block macro-
phage apoptosis induced by a number of endoplasmic reticulum (ER) stressors (the ER stress

Table 4. Serum concentration of vaspin, visfatin, fasting insulin, fasting glucose and HOMA-IR in groups of patients according to BCLC classification and child-

pugh score.

Parameter
Vaspin [ng/mL]
Visfatin [ng/mL]

Fasting insulin [mIU/mL]
Fasting glucose [mg/dL]

HOMA-IR

Parameter
Vaspin [ng/mL]
Visfatin [ng/mL]

Fasting insulin [mIU/mL]
Fasting glucose [mg/dL]
HOMA-IR

https://doi.org/10.1371/journal.pone.0227459.t1004

BCLC A BCLCB BCLCC P
0.53 £ 1.41 0.22 £ 0.58 0.19 £ 1.22 0.53
4.67 +1.89 4.43 +1.59 4.77 £2.20 0.9
25.7+£21.0 18.8 £20.7 20.5+22.0 0.16
119.4 + 28.3 106.5 + 50.3 95.4+42.1 0.25
7.15 £ 6.80 4.98 +£7.22 5.37 £ 5.40 0.36

CTP A CTPB CTP C P
0.17 £ 0.90 0.26 + 0.60 0.17 +1.92 0.59
4.63 = 1.60 3.26 £ 2.00 534 +1.37 0.11
16.6 + 20.9 23.9 +£20.0 25.0 +26.0 0.29
106.8 + 40.2 111.1 + 46.7 111.0 + 58.4 0.98
4.91 +6.90 6.17 = 9.60 10.7 + 8.00 0.35
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Table 5. Serum concentration of vaspin, visfatin, fasting insulin, fasting glucose, cholesterol, triglycerides, albumin, AFP and HOMA-IR in group of patients with
platelets count > 100 000 compared to those with platelets count < 100 000/mm”>.

Parameter
Vaspin [ng/mL]
Visfatin [ng/mL]

Fasting insulin [mIU/L]
Fasting glucose [mg/mL]
Cholesterol [mg/dL]
Triglycerides [mg/dL]
Albumin [g/dL]
AFP [ng/mL]
HOMA-IR

https://doi.org/10.1371/journal.pone.0227459.t005

PIt > 100 000/mm3 Plt <100 000/mm3 P
0.12 + 1.00 0.20 +0.90 0.23
5.27 +1.40 3.31+1.70 < 0.001
12.5+15.9 25.5+22.7 0.003
101.5 + 40.5 119.4 + 45.7 0.18
166.8 + 55.0 143.6 + 40.5 0.01
123.6 +42.0 94.6 + 96.2 0.01
3.40 £ 0.70 3.00 £ 0.50 0.02

37.8 £1294.2 7.91 £ 1036.2 0.05
2.82 +6.40 7.06 + 8.80 < 0.001

is a process associated with obesity and obesity related diseases). Visfatin rapidly upregulates
IL-6 protein secretion, which activates prosurvival signal transducer and activator of transcrip-
tion 3 (STAT3) and thus might play a role in obesity-associated diseases, such as inflammation
or tumorigenesis [24]. Additionally, up-regulation of visfatin is directly associated with
increase of Sirt6, which acts post-transcriptionally in the upregulation of TNF-a. [25]. Further-
more, in an apoptotic state visfatin induces the reduction of reactive oxygen metabolites
through increased activity of antioxidative enzymes superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GSHPx). This cell protection from cytotoxic damage of
reactive oxygen species was demonstrated in cultured human melanoma cells (Me45), where
visfatin treatment increased activity of the antioxidative enzymes [26]. Besides, Adya, et al
revealed Nampt/PBEF/visfatin induced dose- and time-dependent proliferation and capillary-
like tube formation of human endothelial cells. This angiogenic effects is promoted by up-reg-
ulation of VEGF and MMP expression. Main role in visfatin-induced VEGF/MMP up-regula-
tion and endothelial angiogenesis plays VEGF/VEGF receptor 2 (VEGFR?2) signaling,
phosphorylation of ERK 1/2, and PI3K/Akt pathways [12, 27].

Tsai et al. showed that a higher risk of HCC in the ethnically Chinese HBV and/or HCV
carriers was related to an elevated plasma visfatin level, and that there was possibly a close con-
nection between visfatin and chronic inflammation and the development of HCC [28]. In our
study we have not shown the same findings. Serum concentration of visfatin was not signifi-
cantly increased in HCC patients with viral etiology compared to those with non-viral etiology.
The study performed by Tsai et al., included only subjects with HBV and HCV infection, while
our study included subjects with diversified etiology of HCC, which might produce potential
bias for our results.

Sun et al’s [29] analysis has shown that HCC patients with higher levels of serum visfatin
had significantly higher-grade malignancy, and poor overall survival. They proved that serum
visfatin concentration in HCC patients was positively correlated with AFP and IL-6 and was
also associated with tumor size and tumor node metastasis stage. In our study there was no dif-
ference in visfatin concentrations when compared groups of patients with HCC according to
BCLC classification. Visfatin concentration also did not differ between patients with various
CTP. However, the study performed by Sun et al. involved only participants with BMI <25 kg/
m?, which may be the main reason for the inconsistent results between the studies, as visfatin
is upregulated during adipocyte differentiation. Finally, their study focused only on the
patients with HBV infection, while we included subjects with diversified etiology of HCC.

Study performed by Fukuhara, et al indicated that visfatin lowers glucose serum levels and
decreases IR [30]. However, Nourbakhsh et al [31] and most of studies proved [32,33] that
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visfatin had a strong positive correlation with fasting plasma glucose, insulin, and HOMA-IR.
Our study seems to confirm those findings as serum visfatin level was found to be higher in
patients with higher HOMA-IR value.

In the study performed by Jung et al., vaspin has been found to play antiatherogenic role.
Vaspin activated dimethylarginine dimethylaminohydrolase II (DDAH) and decreased the lev-
els of asymmetric dimethylarginine (ADMA), an endogenous inhibitor of all types of nitric
oxide synthases (NOSs). High levels of ADMA attenuated endothelium-dependent vasodila-
tion in humans. DDAH is an enzyme that is involved in metabolism of ADMA to citrulline
and dimethylamine, plays a crucial role as a modulator of intracellular and extracellular
ADMA concentrations and has a potential to regulate NO bioavailability through that modula-
tion. Some recent evidences have shown that DDAH activity is decreased in oxidative stress,
permitting ADMA to accumulate. Emphasizing the beneficial effect of vaspin on oxidative
stress and IR, it may exert protective effect against platelets hyperactivity [34,35]. Unfortu-
nately, in our study, no significant difference was observed in vaspin serum concentration
between groups of patients with different platelets count.

Several human research studies focused on the potential correlation between serum vaspin
levels and obesity or T2DM [7]. However, to the best of our knowledge, there are only two
recent prospective studies showed the link between vaspin and specific cancers [36,37]. There
are reports of higher levels of vaspin in colorectal cancer [36], independent of measures of obe-
sity, but the exact mechanism underlying vaspin in relation to cancer growth remained to be
elucidated. The study by Cymbaluk-Ploska et al. showed that lower concentrations of vaspin
may indicate the presence of endometrial cancer. It was underlying the protective role of vas-
pin, which may improve tissue insulin understanding and inhibit inflammatory processes in
vascular endothelium [34,37]. Neither study has successfully explained the mechanism of vas-
pin to the respective cancer. Furthermore, the results from one study contradict the other. Our
study showed for the first time the positive association between elevated vaspin level and HCC
with significantly up-regulated vaspin levels in patients with liver cancer compared to healthy
controls.

Some studies showed that vaspin level may be upregulated in a compensatory mechanism
associated with obesity and IR [8]. Our study partially confirmed that findings, since elevated
vaspin concentration was associated with higher BMI, but was not significantly correlated with
HOMA-IR. Results of our study showed that higher vaspin level was independent of IR. How-
ever, it has to be mentioned that all HCC patients were more or less insulin resistant. Insulin
resistance was probably provoked by cancer, and observed up-regulation of vaspin serum lev-
els could be a compensatory mechanism. Nevertheless, there was also no difference in vaspin
serum concentration when compared HCC patients with high and lower values of HOMA-IR.

Our study also confirmed the presence of sexual dimorphism in the concentration of serum
vaspin level, with higher concentration in females. Our study is in agreement with the study by
Seeger et al., which revealed sex to be a predictor of circulating vaspin [38].

Vaspin has been found to suppress the expression proinflammatory and profibrogenic
agents such as leptin, resistin and TNF-a [39]. Linking between vaspin and fibrosis was
searched in study performed by Kukla et al in CHC patients. Intriguing results showed sup-
pression of the serum vaspin level in non-obese CHC patients without significant fibrosis with
subsequent evident increase in those with significant or advanced fibrosis and serum vaspin
levels were found to be positively associated with fibrosis stage [20]. Another recent study con-
firmed that the serum vaspin level raised with fibrosis progression, probably as a compensatory
mechanism against increasing IR, which was positively related to fibrosis stage [39]. Our study
showed that serum concentration of vaspin was significantly higher in HCC patients with viral
etiology compared to those with non-viral etiology of HCC. Moreover, the elevation of serum
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vaspin level was even more evident in group of HCV positive patients. There is well known
that HCV promote IR on one side by influence on insulin signaling pathway, inhibiting signal
transduction and on the other side by liver disease progression [40]. These observations
explain obtained results and confirm protective and compensatory role of vaspin against IR.

The findings presented in this study should be interpreted considering limitations of using
cross-sectional design of study. There were some other, unavoidable limitations. First, our
study included relatively small groups of patients with cirrhosis of different origin, and did not
include end stage of HCC. Pointing to the influence of metabolic abnormalities on adipokines
levels, the comparison of analyzed adipokines between patients with chronic liver diseases of
metabolic origin with those with other causes of chronic liver disease such as alcohol abuse or
viral infection would shed some light on better understanding of exact role of analyzed adipo-
kines in cirrhosis and HCC pathogenesis. However, it requires larger group of patients. Sec-
ond, our study did not assess the amount of adipose tissue and mass of muscles which can
influence some serum adipokines levels. A number of authors have pointed out that reliance
on BMI as a sole marker of obesity is the serious limitation of studies on relationship between
several disorders and obesity. They indicate a poor linear relationship between BMI and total
body fat and also suggested that body fat distribution would be more clinically significant than
overall obesity. Third, our study, showed considerable variability in serum concentrations of
visfatin and vaspin, but did not assess expression of analyzed adipokines in tumor and sur-
rounding liver tissue and adipose tissue.

Conclusions

In conclusion, our study revealed, for the first time, serum vaspin to be significantly increased
in HCC patients independently of cancer ethiology compared to healthy controls. Addition-
ally, our study showed serum visfatin to be elevated in the presence of HCC. Vaspin up-regula-
tion can be a compensatory mechanism against IR in HCC patients, especially in those with
HCV infection. Serum visfatin and vaspin, although up-regulated, seem not to be associated
with cancer grade and cirrhosis severity. However, a role of these factors, especially vaspin, in
carcinogenesis, particularly of HCC requires additional research.

The research was not subsidized.
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