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Abstract

Aim of the study: Chronic hepatitis C (CHC) is a viral disease with metabolic disturbances involved in its patho-
genesis. Adipokines may influence the inflammatory response and contribute to development of metabolic ab-
normalities in CHC. Visfatin exerts immunomodulatory and insulin-mimetic effects. The aim was to measure
visfatin serum concentrations and its mRNA hepatic expression in non-obese CHC patients and to assess the
relationships with metabolic and histological parameters.

Material and methods: In a group of 63 non-obese CHC patients (29 M/34 F) infected with genotype 1b
aged 46.6 +14.6 years, body mass index (BMI) 24.8 +3.0 kg/m?, serum visfatin levels and its mRNA hepatic
expression were examined and the subsequent associations with metabolic and histopathological features were
assessed.

Results: Serum visfatin levels were significantly higher in CHC patients compared to controls (22.7 +5.7 vs.
17.8 £1.5 ng/ml, p < 0.001). There was no difference in serum visfatin and its mRNA hepatic expression regard-
less of sex, BMI, insulin sensitivity and lipids concentrations. There was no mutual correlation between serum
visfatin and visfatin mRNA hepatic expression. Hepatic visfatin mRNA levels but not visfatin serum levels were
higher in patients with steatosis (1.35 £0.75 vs. 0.98 £0.34, p = 0.009).

Conclusions: Serum visfatin levels may reflect its involvement in chronic inflammatory processes accompanying
HCV infection. Increased visfatin mRNA hepatic expression in patients with steatosis seems to be a compensatory
mechanism enabling hepatocytes to survive metabolic abnormalities resulting from virus-related lipid droplet
deposition prerequisite to HCV replication.
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Introduction

Visfatin (pre-B-cell colony-enhancing factor -
PBEF) was originally isolated from peripheral blood
lymphocytes and identified as the product of a gene
expressed in bone marrow stromal cells as well as in
activated human lymphocytes [1]. Further studies re-
vealed that this gene encodes a unique 52-kDa secreted
protein with the ubiquitous nature as a nicotinamide
phosphoribosyltransferase (NAmPRTase, Nampt),
a cytosolic enzyme involved in nicotinamide adenine
dinucleotide (NAD) biosynthesis [2]. In mammals,
Nampt has two different forms: intracellular and ex-
tracellular Nampt (iNampt and eNampt, respective-
ly). Whereas the function of iNampt as the NAD bio-
synthetic enzyme is established, the significance and
function of eNampt have been a matter of debate [3].
Results of Revollo et al. demonstrated that eNampt/
visfatin-mediated systemic NAD biosynthesis is criti-
cal for pancreatic beta cell function, suggesting a vital
framework for the regulation of glucose homeostasis
[4]. Together with NAD-dependent sirtuin deacety-
lase, visfatin plays a critical role in the regulation of
glucose-stimulated insulin secretion [5]. Moreover, it
was shown that visfatin is released from adipocytes [6]
and plasma visfatin levels and visfatin expression in
adipose tissues and liver are increased in obese sub-
jects [7-10]. New lines of evidence show that apart
from its enzymatic activity eNampt also acts as a cy-
tokine, playing a role in immune response regulation
[3], angiogenesis [11, 12] and carcinogenesis [13, 14].

Among the major causes of progressive liver dis-
eases and reasons for liver transplantation worldwide
is hepatitis C virus (HCV) infection, which leads in the
majority of cases to chronic hepatitis C (CHC). This
small-enveloped, single-stranded RNA(+) virus creates
at least six genotypes with subtypes within genotypes
[15]. HCV replication alters host lipid metabolism,
leading to hepatic steatosis. Moreover, HCV-depen-
dent insulin resistance development (by up-regula-
tion of cytokine suppressor of cytokine signaling 3
[SOC-3]) and gluconeogenesis (induced through per-
oxisome proliferator-activated receptor y coactiva-
tor Ia) are phenomena leading to complex metabolic
disorders linking HCV infection with a higher risk of
diabetes mellitus [16, 17]. Important liver steatosis is
documented in genotype 3 HCV infection [18, 19],
while growing data indicate genotype 1 to be involved
in metabolic disorders [20, 21]. In genotype 3 the ste-
atosis is strongly connected with the virus properties
- so-called “viral steatosis” — whereas in genotype 1 it
is defined as “metabolic steatosis”, depending on inter
alia viral-induced metabolic disorders [22].

Taking into account that chronic HCV infection is
associated with metabolic disorders and a specific adi-
pocytokine profile [23, 24], we decided to evaluate vis-
fatin serum concentrations together with visfatin gene
liver tissue expression in non-obese CHC patients and
assess the potential relationship with metabolic pa-
rameters and histological features.

Material and methods

The study included 63 non-obese (body mass in-
dex - BMI 24.8 +3.0 kg/m?) CHC patients (29 M/34 F)
aged 46.6 £14.6 years.

Serum HCV-RNA was assayed with the reverse
transcription polymerase chain reaction (RT-PCR)
method (Amplicor Roche/Promega v.2 Diagnostic
Test, Branchburg, NJ, USA) while virus genotype was
assessed by a reverse-hybridization line probe assay
(LiPA Versant Test, Milwaukee, WI, USA) and viral
load by signal amplification nucleic acid probe assay
for the quantitation of human hepatitis C viral RNA
(Bayer Versant_ HCV RNA 3.0 Assay (bDNA); Bay-
er Diagnostics, Berkeley, CA, USA). Only HCV 1b
genotype infected patients with persistently elevated
alanine aminotransferase (ALT) activity for at least
6 months were included. Infection with other HCV
genotypes, hepatitis B virus (HBV) and/or human
immunodeficiency virus (HIV) co-infection, drug or
alcohol abuse as well as neoplastic, thyroid and psy-
chiatric diseases, diabetes mellitus and renal or heart
or liver failure composed the exclusion criteria. All pa-
tients were naive according to antiviral treatment. On
the day of liver biopsy a single blood sample was drawn
in the morning from all patients subjected to fasting.
The samples were centrifuged and serum was aliquot-
ed and frozen at -70°C until further processing.

The control group consisted of 30 (15 M/15 F)
healthy persons, with BMI ranging between 20 and 25,
aged 47.9 £14.8 years (44.7 £14.9 and 51.1 +14.5 years
men and women, respectively). A single blood sample
in the fasting state was taken in the morning. Liver bi-
opsy was not carried out in the control group.

The study protocol was approved by the Ethical
Committee of the Medical University of Silesia in Ka-
towice, Poland, and conformed to the ethical guide-
lines of the Declaration of Helsinki. Informed consent
was obtained for all study participants.

Biochemical and immunoenzymatic assays

Biochemical parameters were measured using rou-
tine methods. The upper limit of ALT activity was set
at 38 IU/l and AST at 40 IU/], while gamma-glutamyl-
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transferase (GGT) activity was set at 50 IU/I and to-
tal serum bilirubin concentration at 17 umol/l. Insu-
lin concentration was measured with the DiaMetra
Insulin EIA Kit, Cat. No DKO076 (DiaMetra, Italy).
For IR estimation the homeostasis model assessment
for IR (HOMA-IR) was calculated by the formula:
fasting insulin level (mUI/l) x fasting glucose level
(mg/dl)/405 [25]. With respect to the HOMA-IR value,
patients were divided into two subgroups — below and
equal to or above 2.5. Visfatin serum concentrations
were assessed in duplicate by the immunoenzymatic
method with the commercially available visfatin EIA
kit [Visfatin C-terminal (Human) EIA Kit, Catalogue
No. EK-003-80, Phoenix Pharmaceuticals, Inc., USA;
minimal detectable concentration 2.83 ng/ml].

Liver histology

Liver biopsy was performed with the Hepafix kit
(B. Braun, Melsungen AG, Germany) as part of the
diagnostic routine before the antiviral therapy. Tissue
samples were immediately divided into a larger part for
histopathological examination and a smaller one stabi-
lized in RNAlater (Sigma-Aldrich, St. Louis, USA) and
frozen at -70°C for further molecular procedures. Bi-
opsy specimens including at least eleven portal tracts
were examined independently by two experienced
pathologists. Histopathological features were assessed
according to Scheuer’s (necro-inflammatory activity,
fibrosis), Brunt’s (steatosis) and Kleiner’s (hepatocyte
ballooning) scales [26-28].

Liver tissue visfatin mRNA expression

Total RNA was isolated from liver biopsy speci-
mens of CHC patients using the RNeasy Mini Kit (Qia-
gen, Hilden, Germany), followed by removing trace
amounts of genomic DNA with RNase Free DNase Set
(Qiagen, Hilden, Germany). RNA was quantified by
measuring the absorbance at 260 and 280 nm (Nano-
Drop 1000 Spectrophotometer, Thermo Fisher Scien-
tific, Wilmington, USA) and the integrity was assessed
by electrophoresis in 1.2% agarose gel, ethidium bro-
mide stained.

RNA isolates were used for cDNA synthesis by re-
verse transcription (RT) reaction. 2 ug of total RNA
was reverse transcribed into cDNA 1in a total volume
20 ul using the High Capacity RNA-to-cDNA Kit
(Applied Biosystems, Foster City, USA) according to
the manufacturer’s instructions. Obtained cDNA was
used to determine visfatin gene expression level by re-
al-time quantitative PCR (RT-Q-PCR) assay (TagMan
system). TagMan primers and the probe for the visfatin

gene and the housekeeping gene GAPDH were bought
as ready to use assays: TagMan Gene Expression As-
says (Hs 00237184_m1for visfatin) and Human GAPD
Endogenous Control (FAM/MGB Probe, Non-Primer
Limited) for GAPDH (Applied Biosystems, Foster City,
USA). RT-Q-PCR for both genes was performed in
avolume 20 pl on the ABI PRISM 7300 Real Time PCR
Detection System (Applied Biosystems, Foster City,
USA). For each run, a RT-Q-PCR mix was prepared
on ice containing 10 ul of Applied Biosystems Univer-
sal PCR Master Mix, 1 pl of primers and probe mix and
8 wl of H,O (Qiagen, Hilden, Germany). To each well
of a 96-well plate, 19 ul of QRT-PCR mix and 1 pl of
cDNA samples were added. All PCRs were performed
in duplicate. In all amplification reactions, a negative
control was also included. Thermal cycling for both
visfatin and GAPDH was initiated with an incubation
step at 50°C for 2 min, followed by a first denaturation
step at 95°C for 10 min, and continued with 40 cycles
of 95°C for 15 s, 60°C for 1 min. The standard curves
for the housekeeping gene GAPDH and the target gene
were generated by serial dilutions of the control cDNA
(equivalent to 1 ug of total RNA) in four 2-fold dilution
steps. The expression levels of visfatin and GAPDH
genes in every sample were determined from the re-
spective standard curve and the visfatin gene expres-
sion was divided by the GAPDH gene expression to
obtain a normalized target value (relative expression
level).

Statistical analysis

The data were presented as mean +SD. Differences
between groups was examined through nonparametric
tests (Mann-Whitney or Kruskal-Wallis), linear cor-
relation (Spearman) and logistic regression analysis
using the Statistica software version 10.0 (StatSoft Inc.
USA). For all the analyses, statistical significance was
determined for values of p < 0.05.

Results

Baseline characteristic of study group

The baseline clinical characteristics of the study
population and control group are summarized in Ta-
ble 1. There were no differences between CHC pa-
tients and the control group according to BMI and
waist circumference. In CHC patients both of these
parameters alongside with systolic blood pressure
were significantly higher in men compared to women.
Activities of ALT (p < 0.001), AST (p < 0.004), GGT
(p <0.04) and concentration of total bilirubin (p < 0.02)
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Table 1. General characteristics of CHC patients and control group

Parameter CHC patients Men Women p* Control group p**
n=63 n =29 (46%) n = 34 (54%) n=30
Age (years) 46.6 +14.6 48.2 £16.6 453 1128 NS 479 +14.8 NS
Body mass index (kg/m?) 248 +3.0 25.7 +2.6 240 3.1 0.02 239433 NS
Waist circumference (cm) 87.8 £11.2 87.8 £11.2 79.4 £12.5 0.03 85.5 8.7 NS
SBP (mmHg) 135.0£18.8 135.0£18.8 125.0 £12.5 0.02 115.0 £10.5 NS
DBP (mmHg) 79.1 £8.9 79.1 8.9 80.0 £9.5 NS 77.1 6.6 NS
Fasting insulin (uU/1) 11.6 £9.6 10.6 £6.3 124 £11.8 NS 10.0 £4.5 NS
Fasting glucose (mg/dI) 93.7 £16.0 95.1 +16.4 926 +15.8 NS 80.8 £9.0 NS
HOMA-IR 29 427 25413 34435 NS 20405 0.03
Total bilirubin (umol/l) 143 8.7 15.1 4.1 13.6 £11.2 NS 9.7 £3.5 0.02
GGT (U/1) 80.7 +86.9 104.8 £119.2 60.2 +34.5 0.04 26.0 5.5 0.04
ALT (U/1) 75.4 £445 83.2 £50.8 98.8 £37.7 NS 256 +4.3 0.001
AST (U/1) 51.7 £253 54.2 4285 59.5422.5 NS 24.1 +3.8 0.004
Total cholesterol (mg/dl) 187.8 £117.1 199.5 £170.6 179.4 £53.8 NS 174.6 £33.2 NS
LDL cholesterol (mg/dl) 97.6 £45.6 85.0 £38.3 107.6 £49.0 NS 94.5 +20.2 NS
HDL cholesterol (mg/dl) 53.7 £24.6 50.3 £27.8 56.0 +22.3 NS 440 +12.8 NS
Triglycerides (mg/dl) 1319 £57.8 136.2 £56.3 129.0 £59.6 NS 139.0 £45.0 NS
CRP (mg/dl) 1.7 1.2 1.6 £1.1 18414 NS 15414 NS

HCV viral load (1U/1) 2053301 £364614 2781433 487426

1432246 +1976597 NS

SBP - systolic blood pressure, DBP - diastolic blood pressure, *p = men vs. women, **p ~ CHC patients vs. controls

were higher in CHC patients. There was no significant
difference with respect to the lipid profile between the
two studied groups. Although there was no difference
in mean fasting insulin or glucose concentration, the
HOMA-IR value was significantly increased in CHC
patients (p = 0.03).

Visfatin serum concentration and hepatic
mRNA expression

Serum visfatin levels were significantly higher in
CHC patients compared to controls (22.7 +5.7 vs. 17.8
+1.5 ng/ml, p < 0.001) (Fig. 1). There was no differ-

30
‘|' p<0.001
25
£
(=3}
£ T
£ 1
M
a
£
R
2
54
0- - T
CHC patients Control

Fig. 1. Visfatin serum concentrations in CHC patients and control group

ence in serum visfatin concentration between men and
women with CHC (22.8 £1.1 vs. 22.7 1.3 ng/ml).

The mean visfatin mRNA expression was 1.17
+0.09, with no difference between men and women
(1.05 £0.10 vs. 1.30 £0.13).

Visfatin serum levels and hepatic gene
expression in CHC patients according to BMI
and HOMA-IR

There were no differences in serum visfatin and its
hepatic mRNA expression between CHC patients with
different BMI and HOMA-IR. The results are summa-
rized in Table 2.

Visfatin serum levels and hepatic gene
expression in CHC patients with respect
to histopathological parameters

The results of histopathological assessment are pre-
sented in Table 3. There was no difference in visfatin
serum levels in CHC patients according to consecutive
histological features (inflammatory activity, fibrosis
and hepatocyte ballooning). Hepatic visfatin mRNA
levels were significantly up-regulated in CHC patients
with steatosis (p = 0.009), but did not differ between
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Table 2. Serum visfatin concentration and visfatin mRNA in CHC patients according to sex, BMI and HOMA-IR

Men Women CHC patients
BMI < 25 kg/m*>  BMI > 25kg/m*>  BMI< 25kg/m*>  BMI>25kg/m*>  BMI < 25kg/m?>  BMI > 25 kg/m?
Serum visfatin (ng/ml) 2240 +4.21 23.19 4£5.75 23.59 +4.53 2144 +7.71 23.07 £4.36 2231 £6.76
Liver visfatin/ GAPDH 1.02 +0.47 1.09 £0.56 1.25 £0.60 137 +0.76 1.15 £0.55 1.23 £0.67
p* NS NS NS NS NS NS
HOMA-IR HOMA-IR HOMA-IR HOMA-IR HOMA-IR HOMA-IR
<25 >25 <25 >2.5 <25 >2.5
Serum visfatin (ng/ml) 21.69 £5.67 25.00 £5.40 20.92 £5.68 24.79 +8.28 21.25 £5.55 24.90 £6.82
Liver visfatin/ GAPDH 1.10 +0.40 1.17 +0.70 1.49 +0.90 1.15 +0.49 132 +0.74 1.16 +0.59
p* NS NS NS NS NS NS

* - both for serum visfatin and liver visfatin mRNA

Table 3. Serum visfatin concentration and visfatin mRNA hepatic expression in CHC patients according to liver histology

Histopathological Number of patients  Serum visfatin [ng/ml] p Liver visfatin/GAPDH p

results (%)

Necro-inflammatory activity grade 1 12 (18.8%) 23.75 £4.99 0.93 +0.42
2 35(55.1%) 21.91 +5.00 NS 1.17 £0.57 NS
3-4 16 (26.1%) 24.46 £7.33 1.31 £0.76

Fibrosis stage 1 26 (42.0%) 22.73 +4.40 1.20 +0.63
2 26 (42.0%) 22.57 £6.96 NS 1.10 £0.53 NS
3-4 11 (15.9%) 2439 £5.50 1.24 +0.75

Steatosis presence present 31(49.3) 21.87 £5.31 NS 1.35 £0.75 0,009

absent 32 (50.7%) 23.95 £6.00 0.98 +0.34

Hepatocyte ballooning grade 0-1 24 (38.4%) 23.18 £5.32 NS 1.20 £0.50 \S

2 39 (61.6%) 22.92 £6.64 1.13 £0.68

patients with various steatosis grades. The results are
also shown in Table 3.

Relationship between serum visfatin, hepatic
visfatin mRNA levels and analyzed parameters

There was no mutual correlation between serum
visfatin and hepatic mRNA visfatin levels. Neither se-
rum visfatin nor its hepatic mRNA levels were associ-
ated with any of the metabolic parameters.

Discussion

Metabolic disorders have been reported to be
closely involved in CHC pathophysiology [29]. As
this phenomenon is not a surprise in obese subjects,
we decided to focus on non-obese CHC patients. In
our study CHC patients and controls showed no dif-
ferences according to BMI or any lipid profile abnor-
malities. In non-obese CHC patients analyzed by Chen
et al. serum total cholesterol, high-density lipoprotein

and low-density lipoprotein levels in HCV infected
patients were significantly lower than those of healthy
controls whereas serum triglycerides level was signifi-
cantly elevated [23].

The HOMA-IR index was significantly higher in our
CHC group, indicating glucose metabolism disturbanc-
es in patients with HCV infection even without type 2
diabetes. This phenomenon was noted in some previ-
ous studies [21, 23, 30]. Hsu et al. studying non-obese
CHC patients concluded that higher IR is connected
with higher HCV viral load [31]. Moreover, IR was
found to be higher in those with genotype 1 infection
[21, 31]. Shintani et al. in their study using transgen-
ic mice expressing the genotype 1b HCV core protein
demonstrated that this viral protein impaired insulin
signaling, leading to molecular processes resulting in IR
[20]. HCV core protein expression has been shown to
alter postreceptor insulin signaling through its interac-
tion with endogenous protein involved in proteasome
activation and HCV core protein degradation and insu-
lin receptor substrate-1 turnover [32].
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Visfatin was shown to have phosphoribosyltrans-
ferase, cytokine and adipokine activities [33]. Its ele-
vated serum concentrations were documented in CHC
and correlated with disease severity and the presence
of metabolic syndrome [23, 24, 34]. In obese and
morbidly obese patients without HCV infection se-
rum visfatin concentrations were significantly higher
than in control groups, indicating its important role
in metabolic syndrome [7, 9, 10]. Our present study
comprised a group of non-obese CHC patients where
visfatin serum concentrations were also significantly
higher than in the control group. In contrast, in the
group of CHC patients analyzed by Wéjcik et al. no
differences were noted in comparison with healthy
controls, while similar to our results, in those patients
without metabolic disorders HOMA-IR values were
also significantly higher [30]. BMI and HOMA-IR in-
dexes in our patients did not show any correlation with
serum visfatin concentrations.

Reports on serum visfatin and histopathological
examination results have also brought inconclusive
data. In our previous studies the serum visfatin level
was negatively associated with necro-inflammatory
activity grade [34, 35], while in the current study we
could not prove such a connection. Baranova et al. in
their analysis of patients with HCV genotype 1 and
3 infected patients also did not observe any relation-
ship between serum visfatin and necro-inflammatory
activity [36]. Tsai et al. found higher levels of serum
visfatin in cirrhotic CHC patients with hepatocellular
carcinoma (HCC) compared to those without liver
cancer, concluding that plasma visfatin concentration
may serve as an additional tool to identify patients
with more advanced liver disease [37]. In the study
of Huang et al. serum visfatin levels were significantly
higher in patients with advanced fibrosis [24]. How-
ever, we did not observe a similar relationship either in
this CHC group or in our previously described cohort
[34]. Similarly, there was no relationship between se-
rum visfatin concentration and hepatic steatosis.

Previous observations suggested a difference of
visfatin serum concentrations and even liver visfatin
mRNA expression between men and women [10], but
in our group of non-obese CHC patients such differ-
ences were not revealed. However, that study described
obese women with fatty liver disease, so the compari-
son is difficult.

In our study no correlation between serum visfa-
tin and its gene expression in liver tissue was observed
regardless of inflammatory grading, fibrosis staging
and ballooning hepatocyte grade. The only import-
ant difference was significantly higher visfatin mRNA
expression in liver tissues with steatosis versus those

without visible lipid droplets. Serum visfatin concen-
trations have been reported as showing a lack of gen-
otype-specific differences [24, 35], while the mecha-
nisms involved in hepatocyte steatosis differ between
genotypes 1 and 3 [22]. HCV is proved to be an in-
dependent factor inducing a line of molecular events
in infected hepatocytes. Proteomic data from cultured
Huh 7.5 cells suggest that HCV induces perturbations
which favor host biosynthetic activities supporting
viral replication and propagation followed by a com-
pensatory shift in metabolism aimed at maintaining
energy homeostasis and cell viability during elevated
viral replication and increasing cellular stress [38].
HCV relies on host lipids and exploits the lipoprotein
machineries for almost all steps of its life cycle [39, 40].
The crucial role is ascribed to HCV core protein [41],
whose retention and stability are regulated via protea-
some activator PA28y [32]. On the other hand, most
of the intracellular functions of visfatin are due to its
role as a nicotinamide phosphoribosyltransferase (iN-
ampt) involved in nicotinamide adenine dinucleotide
(NAD) biosynthesis [2, 42]. NAD biosynthesis enables
cells to preserve their homeostasis in response to sig-
nificant NAD-consuming events and it can be modu-
lated by various stimuli to induce suitable NAD-medi-
ated metabolic responses [43]. The increased visfatin
mRNA hepatic level described in our study may be
a compensatory mechanism in response to altered he-
patocyte metabolism provoked by viral replication and
steatosis.

In summary, the increased serum visfatin levels in
CHC patients reflect its extracellular form produced
by all cells able to respond this way to different, most-
ly inflammatory stimuli, induced by HCV infection.
Local visfatin mRNA expression in lipid accumulated
HCV-infected hepatocytes may indicate the necessity
of NAD biosynthesis due to virus-induced metabolic
disorders.

The findings presented in this study should be in-
terpreted considering the limitations of using a cross-
sectional study design. There were some other, un-
avoidable limitations. First, our study included rela-
tively small groups of CHC patients, additionally with
a small number of patients with advanced fibrosis. Sec-
ond, our study did not assess patients with obesity, in
whom the amount of adipose tissue can influence vis-
fatin serum levels and interfere with the inflammatory
process in the liver.

Conclusions

Serum visfatin levels may reflect its involvement in
chronic inflammatory processes accompanying HCV
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infection. Increased visfatin mRNA hepatic expression
in patients with steatosis seems to be a compensatory
mechanism enabling hepatocytes to survive metabolic
abnormalities resulting from virus-related lipid drop-
let deposition prerequisite to HCV replication.
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