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Abstract
Background/Aims: Nonalcoholic fatty liver disease (NAFLD) is the worldwide most common liver disease and therefore frequently observed in patients undergoing 
hepatic surgery. Etiologically NAFLD relates to insulin resistance and can progress to fibro-inflammatory nonalcoholic steatohepatitis (NASH). This study investigated 
associations of hepatic mRNA and preoperative serum levels of the Nicotinamide-phosphoribosyltransferase (NAMPT) visfatin with NAFLD histology, markers of 
insulin resistance, inflammation and postoperative liver recovery.

Methods: NAFLD histology was evaluated in 44 subjects undergoing liver surgery. Fasting blood samples and liver biopsies were harvested. Clinical chemistry and 
homeostasis model of insulin resistance (HOMA-IR) were evaluated. Circulating visfatin/NAMPT was measured by enzyme linked-immunosorbent assay, mRNA 
by RT-PCR. Postoperative liver recovery was studied in a subset of subjects using the LiMAx-method.

Results: Visfatin/NAMPT mRNA and serum levels showed no associations with hepatic steatosis, fibro-inflammation, ballooning degeneration or insulin resistance 
(P > 0.05, resp.). Circulating visfatin/NAMPT correlated with ferritine (r = 0.325; P = 0.032) and serum iron (r = -0.342; P = 0.023) as surrogates of hepatic oxidative 
stress, liver mRNA with white blood cell count (r = 0.357; P = 0.062) and hepatic CRP mRNA (r = 0.346; P = 0.061). Moreover, circulating visfatin/NAMPT was 
related to mean postoperative LiMAx liver recovery (r = 0.480; P = 0.044) and subjects reaching physiological liver function capacity within ten days after surgery had 
elevated preoperative serum visfatin/NAMPT (P = 0.014).

Conclusions: Visfatin/NAMPT is related to markers of oxidative stress, inflammation and liver recovery after hepatic surgery, but not to NAFLD histology or insulin 
resistance.

Abbreviations: ELISA: enzyme-linked immunosorbent assay; 
HOMA-IR: homeostasis model assessment of insulin resistance; 
NAS: NAFLD activity score; NAFLD: nonalcoholic fatty liver 
disease; NAMPT: Nicotinamide-phosphoribosyltransferase; NASH: 
nonalcoholic steatohepatitis

Introduction
Consistent with the prevalence of obesity nonalcoholic fatty 

liver disease (NAFLD) affects up to 30% of the general population 
[1]. NAFLD is etiologically related to insulin resistance and typically 
categorized in hepatocellular steatosis and nonalcoholic steatohepatitis 
(NASH) [1]. Approximately one third of NAFLD cases progress to 
NASH characterized by concurrent liver steatosis, fibrosis and necro-
inflammation, feasibly resulting in liver cirrhosis and hepatocellular 
carcinoma (HCC) [1-3]. Correspondingly, NASH is nowadays a 
common comorbidity in perioperative patients and associated with 

the incidence of postoperative complications [4-6]. The Nicotinamide-
phosphoribosyltransferase (NAMPT) visfatin has important cellular 
function due to synthesizing nicotinamide-mononucleotide and 
was initially described as adipokine with insulin-mimetic effects [7]. 
Subsequent studies evidenced that visfatin/NAMPT can be expressed 
by various cells including hepatocytes and macrophages, while the 
insulin-like effect of visfatin/NAMPT has been challenged and rather 
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proinflammatory characteristics were proclaimed [8,9]. The role of 
visfatin/NAMPT in human NAFLD remains controversial [10-17] yet 
recent data indicate potential protective effects in hepatocytes [12]. We 
intended to examine potential relationships of visfatin/NAMPT with 
NAFLD histology and insulin resistance in patients undergoing liver 
surgery. Moreover, in the same study group we postoperatively analysed 
liver function to evaluate possible associations with visfatin/NAMPT.

Methods
Experimental design

We evaluated associations of hepatic visfatin/NAMPT mRNA 
as measured in intraoperatively harvested liver specimens, and of 
circulating visfatin/NAMPT with NAFLD histology and insulin 
resistance in patients undergoing elective liver surgery due to non-
malignant or malignant indication. Furthermore, visfatin/NAMPT 
is expressed in hepatocytes and associated with inflammation and 
antiapoptosis. We therefore evaluated postoperative functional liver 
recovery in a subset by using the LiMAx method, to assess potential 
associations with visfatin/NAMPT.

Ethics and study subjects

Subjects were included in previous studies and had to meet 
predefined inclusion criteria [18,19]. The study was approved by the 
ethical committee of the Charité University Hospital and conforms to 
the provisions of the Declaration of Helsinki.

Clinical characterization and assays

Medical history, body mass index (BMI), non-invasive arterial 
blood pressure, anthropometry and physical examination were 
evaluated. Fasting blood samples were drawn and clinical chemistry 
was analysed. Insulin resistance was assessed by the homeostasis model 
assessment of insulin resistance (HOMA-IR) [20]. Full-length visfatin/
NAMPT was measured using an enzyme-linked immunosorbent assay 
(ELISA; AdipoGen Inc., Korea; mean intraassay CV: <6.0%; interassay 
CV: <10%).

Wedge biopsy

Surgery was performed in general balanced anaesthesia [18], liver 
samples were taken following a specified protocol [19]. A blinded 
pathologist confirmed samples to be non-pathologic except for NAFLD. 
NAFLD histopathology was evaluated and NASH was diagnosed 
according to the presence of at least two of the following criteria, 1) 
NAFLD activity score ≥ 5; 2) presence of ballooning degeneration; 
3) fibrosis score ≥ 2 [21,22]. Subjects free from hepatic steatosis or 
suffering from minor NAFLD criteria were considered as non-NASH 
reference group. 

LiMAx

Using 13C-labeled methacetin that is metabolized to 13CO2 
by cytochrome P450 1A2 the LiMAx method evaluates maximal 
enzymatic liver function capacity by a non-invasive breath test [23]. The 
physiological cut-off value is > 315 µg/kg/h [23]. Early liver regeneration 
is normally achieved within ten days after surgery [24]. We performed 
a basal LiMAx test before surgery and subsequent analyses at days 1, 3, 
5 and 10.

Real-time polymerase chain reaction

Analysis was performed as previously reported [18]. 
Primer sequences were 5’-TGACACTGGCAAAACAATGCA-

3’/5’-GGTCCTTTTCACCAGCAAGCT-3’ for HPRT [18] and 
5’-GATCCCAACAAAAGGTCC A-3’/5’-ATGATGTGCTGCTTCCA-3‘ 
for visfatin/NAMPT [25].

Statistics

Data are means ± SE. Using SPSS 16.0 (Chicago, USA) normal 
distribution was verified and logarithmic transformation performed 
if necessary. Spearman’s rank or Pearson’s coefficient were applied for 
correlation analysis, Mann-Whitney U test was used for approving 
significant effects. Significance was defined as two-sided P < 0.05.

Results
Subjects

44 subjects were included, 25% were categorized as NASH and 
75% as not NASH (Table 1). NASH patients had higher incidence of 
HCC, increased BMI and waist circumference, HOMA-IR, serum 
triglycerides and NAFLD scorings (P < 0.05, resp.; Table 1). NASH was 
accompanied by elevated alanine-transaminase and ferritine levels. 
Basal LiMAx values varied within the expected physiological range of > 
315 µg/kg/h, but NASH subjects had reduced levels (P > 0.05; Table 1).

NAFLD histology, inflammation, markers of insulin 
resistance

By addressing NAFLD we observed no differences regarding 
circulating visfatin/NAMPT in liver steatosis vs. no steatosis (3.3 ± 
0.7 vs. 2.6 ± 0.8; P = 0.54), in lobular inflammation vs. absent lobular 
inflammation (3.0 ± 0.9 vs. 3.1 ± 0.7; P = 0.73), in present vs. absent 
hepatocellular ballooning degeneration (2.4 ± 0.4 vs. 3.2 ± 0.6; P = 0.51) 
or in liver fibrosis vs. absence of fibrosis (3.2 ± 0.7 vs. 2.8 ± 0.7; P = 0.70). 
Moreover, we evaluated visfatin/NAMPT by stratifying our subjects 

Not NASH NASH P-value
n (%male) 33 (39) 11 (36) -
Age (y) 58 ± 3 60 ± 3 0.85
Body mass index (kg/m²) 24.4 ± 0.6 32.1 ± 2.4 < 0.001
Waist circumference (cm) 91.1 ± 2.4 108.3 ± 4.6 0.002
Systolic blood pressure (mm Hg) 131 ± 4 135 ± 5.0 0.29
Diastolic blood pressure (mm Hg) 71 ± 2 76 ± 3 0.20
C-reactive protein (mg/dl) 1.7 ± 0.6 1.6 ± 0.7 0.24
White blood cell count (x 103/mm3) 6.7 ± 0.4 6.9 ± 0.6 0.75
HbA1c (%) 5.5 ± 0.1 6.1 ± 0.5 0.29
HOMA-IR 2.1 ± 0.4 5.3 ± 1.4 0.008
Serum triglycerides (mg/dl) 109.0 ± 8.7 159.6 ± 17.7 0.005
Bilirubine (mg/dl) 0.8 ± 0.1 0.7 ± 0.1 0.92
Alanine-transaminase (U/L) 39.8 ± 8.7 60.1 ± 10.3 0.015
Gamma-glutamyl-transaminase (U/L) 131.4 ± 31.4 127.3 ± 47.6 0.87
Ferritine (ng/ml) 207.9 ± 42.0 373.5 ± 86.4 0.021
Albumin (mg/dl) 4.0 ± 0.1 3.9 ± 0.1 0.83
Creatinine (mg/dl) 0.9 ± 0.1 0.9 ± 0.1 0.89
NAFLD activity score (0-8) 0.9 ± 0.1 4.0 ± 0.4 < 0.001
Liver steatosis score (0-3) 0.6 ± 0.1 2.1 ± 0.2 < 0.001
Ballooning degeneration (0-2) 0.0 ± 0.0 0.9 ± 0.3 0.003
Lobular inflammation (0-3) 0.3 ± 0.1 1.0 ± 0.3 0.031
Liver fibrosis (0-4) 1.1 ± 0.2 2.4 ± 0.7 0.20
Diagnosis of HCC (%) 33 73 -
Preoperative LiMAx liver function (µg/kg/h) 424.5 ± 24.1 346.0 ± 60.1 0.36

Data are given as means ± SE or absolute values. Abbreviations: HbA1c, glycated 
hemoglobin A1c; HCC, hepatocellular carcinoma; HOMA-IR, homeostasis model 
assessment for insulin resistance; NAFLD, nonalcoholic fatty liver disease; NAS, NAFLD 
activity score.

Table 1. Study subject characteristics
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according to HCC and non-malignant indication for liver surgery, but 
found comparable levels (1.8 ± 0.3 vs. 2.2 ± 0.6; P = 0.90). The same was 
true for hepatic visfatin/NAMPT mRNA regarding all aforementioned 
parameters (P > 0.05, resp., data not shown).

Univariate correlation analysis indicated absence of associations 
regarding measures of glucose metabolism, insulin resistance and 
clinical chemistry markers of liver function (P > 0.05, resp.; Table 2). 
Otherwise, significant relationships with ferritine and serum iron 
became apparent (P < 0.05, resp.; Table 2), and trend associations of 
visfatin/NAMPT mRNA with white blood cell count, hepatic C-reactive 
protein mRNA and serum iron (Table 2).

Visfatin/NAMPT and LiMAx assessed liver function

A complete set of postoperative LiMAx data was available from 41% 
of included subjects. Preoperative serum visfatin/NAMPT correlated 
with the mean of postoperative LiMAx values (r = 0.649; P = 0.004). This 
finding remained significant even after adjustment for liver resection 
volume and BMI (P = 0.044; Figure 1). Additionally, patients who were 
capable of recovering physiological LiMAx values within ten days after 
surgery had significantly elevated preoperative serum visfatin/NAMPT 
compared to subjects not recovering a minimum of 315 µg/kg/h within 
ten days after partial hepatectomy (P = 0.014; Figure 2). Of note, the 
latter effect also remained significant after adjustment for BMI (P = 
0.026).

Discussion
Our study provides evidence that preoperative circulating visfatin/

NAMPT levels correlate with postoperative functional recovery after 
partial liver resection. Otherwise, our findings do not indicate that 
visfatin/NAMPT is associated with NAFLD histopathology or insulin 
resistance.

Partial hepatectomy represents a nowadays routinely performed 
procedure, whereby residual liver function and functional recovery 
strikingly impact clinical outcomes [23]. Therefore, it would be 
of clinical significance to identify factors capable of predicting or 
impacting postoperative liver regeneration. In this study we observed 
a significant association of preoperative serum visfatin/NAMPT with 
postoperative functional recovery. This observation was not directly 

related to NASH as we found no relationship of visfatin/NAMPT with 
typical histopathological features, corresponding to some [12,15,16] 
yet not all [11,13] studies on visfatin/NAMPT in human NAFLD. 
The latter could be explained by different study populations or the 
use of varying assays, either detecting carboxy-terminal vs. the full 
length visfatin/NAMPT [26]. Our finding that visfatin/NAMPT was 
associated with surrogates of inflammation is otherwise consistent with 
its hypothesized inflammatory role [8,9]. We expanded the latter by 
our observation of a relationship of visfatin/NAMPT with surrogates 
of hepatic oxidative stress, namely serum iron and ferritine [27]. It has 
been reported in NAFLD that visfatin/NAMPT and interleukin-6 can 
be co-regulated [9,10]. Interleukin-6 exposure can exert antioxidative 
effects and improve liver regeneration after partial hepatectomy in a 
murine model [28,29]. In addition, visfatin/NAMPT was shown to 
have direct cell protective effects in hepatocytes [12]. Therefore, one 

Circulating
visfatin/NAMPT
r (P-value) 

Hepatic visfatin/
NAMPT mRNA
r (P-value) 

Hepatic visfatin/NAMPT mRNA -0.034 (0.86) -
Liver steatosis score 0.152 (0.33) 0.093 (0.63)
Ballooning degeneration 0.090 (0.56) 0.195 (0.30)
Lobular inflammation -0.023 (0.88) 0.201 (0.29)
Liver fibrosis score -0.002 (0.99) 0.287 (0.12)
Fasting glucose -0.134 (0.39) 0.010 (0.96)
HOMA-IR -0.055 (0.72) 0.062 (0.75)
HbA1c (%) -0.079 (0.62) 0.293 (0.14)
C-reactive protein 0.213 (0.20) 0.032 (0.88)
White blood cell count 0.242 (0.13) 0.357 (0.062)
Hepatic C-reactive protein mRNA -0.120 (0.44) 0.346 (0.061)
Ferritine 0.325 (0.032) 0.224 (0.23)
Serum iron -0.342 (0.023) -0.323 (0.082)
Bilirubine 0.042 (0.79) -0.091 (0.63)
Alanine-transaminase 0.102 (0.51) 0.166 (0.38)
Gamma-glutamyl-transaminase 0.084 (0.59) 0.025 (0.90)
Aspartate-transaminase 0.115 (0.47) 0.088 (0.66)

Table 2. Correlation studies on visfatin/NAMPT. Significant associations are shown in bold

Figure 1. Serum visfatin/NAMPT and postoperative liver function
Postoperative enzymatic liver function capacity as adjusted for resected liver volume was 
correlated with preoperative serum visfatin/NAMPT. Lines indicate the 95% confidence 
intervals.

Figure 2. Elevated preoperative serum visfatin/NAMPT in subjects with recovered 
postoperative liver function
Subjects reaching physiological enzymatic liver capacity within ten days after surgery 
had higher preoperative serum visfatin/NAMPT compared to patients failing to recover 
physiological capacity (P = 0.014). Boxes span from 25th-75th percentile, error bars 
indicate 10th and 90th percentile; *, P < 0.05.
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hypothesis to explain the observed scenario in our study could be that 
subjects with elevated preoperative serum visfatin/NAMPT can more 
rapidly respond to acute surgery induced liver injury, which could at 
least in part have been mediated by oxidative stress. Accordingly, our 
results evolve the hypothesis that visfatin/NAMPT is related to liver 
regeneration, but this needs to be approved in larger prospective studies.

Strengths of this study include the analysis of postoperative 
liver function by established methods, the use of representative liver 
specimens and gold standard NASH evaluation. Limitations address 
the inclusion of Caucasians only; and the relatively small study group. 
However, our data are largely in accordance with previous reports and 
we detected significant effects, suggesting sufficient power.

In summary we show an association of serum visfatin/NAMPT 
with postoperative liver regeneration.
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