
Oncotarget23427www.impactjournals.com/oncotarget

www.impactjournals.com/oncotarget/              Oncotarget, 2017, Vol. 8, (No. 14), pp: 23427-23435

Elevated serum visfatin levels are associated with poor prognosis 
of hepatocellular carcinoma

Yifan Sun1,*, Shengbo Zhu2,*, Zhitong Wu3,*, Yiyong Huang2, Chunming Liu2, Shifu 
Tang2, Lili Wei4

1Department of Clinical Laboratory, Affiliated Liutie Central Hospital of Guangxi Medical University, Liuzhou, Guangxi, China
2Department of Clinical Laboratory, Third Affiliated Hospital of Guangxi University of Chinese Medicine, Liuzhou, Guangxi, China
3Department of Clinical Laboratory, Eighth Affiliated Hospital of Guangxi Medical University, Guigang City People’s Hospital, 
Guigang, Guangxi, China

4Department of Science and Education, Third Affiliated Hospital of Guangxi University of Chinese Medicine, Liuzhou, Guangxi, 
China

*These authors have contributed equally to the article, so they should be considered as the co-first authors

Correspondence to: Lili Wei, email: 745976252@qq.com
Keywords: serum, visfatin, hepatocellular carcinoma, prognosis
Received: October 13, 2016    Accepted: November 24, 2016    Published: February 04, 2017

ABSTRACT

Visfatin is considered a pro-inflammatory adipocytokine, and it is commonly 
increased in obesity-related diseases. This study aimed to evaluate the levels of 
serum visfatin in patients with hepatocellular carcinoma (HCC) and its diagnostic 
and predictive value in detecting HCC. Fasting serum levels of visfatin of 135 HCC 
patients, 115 chronic hepatitis B (CHB) patients, 129 liver cirrhosis (LC) patients, 
and 149 healthy controls were determined via enzyme-linked immunosorbent assay. 
Meanwhile, serum alpha fetal protein (AFP) and interleukin-6 (IL-6) were also 
assayed. The median serum visfatin concentration in HCC patients was 1.113 ng/
mL (range: 0.823-2.214 ng/mL), which was significant higher than those of healthy 
controls, CHB patients, and LC patients (P<0.05). The serum visfatin concentration 
in HCC patients was positively correlated with AFP (r=0.595, P<0.001) and IL-6 
(r=0.261, P<0.015) and was also associated with tumor size and tumor node 
metastasis stage. Moreover, elevated levels of serum visfatin were associated with 
a higher HCC risk for CHB and LC patients. Multivariate Cox regression analysis had 
shown that HCC patients with high levels of serum visfatin had significantly shorter 
overall survival times than those with low serum visfatin levels (P<0.001). Using 
a cutoff visfatin level of 1.403 ng/mL, the receiver operating characteristic curve 
analysis showed unappealing sensitivity and specificity values (45.76% and 74.79%, 
respectively; AUC=0.626) regarding visfatin’s use as a diagnostic marker for HCC. 
Our results indicate that increased serum visfatin levels are associated with poor 
prognosis of HCC. Visfatin may be a potential therapeutic target of HCC.

INTRODUCTION

Hepatocellular carcinoma (HCC) is a common type of 
liver cancer with high morbidity and mortality, and it is the 
third most frequent cause of cancer-related deaths, moreover, 
the number of new cases of HCC is increasing year by year 
[1]. Hepatitis B (HBV) and C (HCV) infections, aflatoxin-B1 
(AFB1) exposure, and excessive alcohol intake are 
commonly recognized etiologies linked to the development 
of HCC [1, 2]. However, HCC is a multifactorial disease, 

and the accurate etiology of HCC remains elusive. Over 
the last two decades, the rising incidence of HCC has been 
related to the burgeoning incidence of obesity, nonalcoholic 
fatty liver disease (NAFLD), and metabolic syndrome [3].

There is sufficient evidence that obesity is an 
important cause of many forms of cancer [4–6]. Mechanisms 
that link obesity and cancer risk are mainly focused on three 
hormonal systems: the insulin and insulin-like growth factor 
(IGF) axis, sex steroids, and adipokines [6]. Visfatin — also 
called nicotinamide phosphoribosyltransferase (NAMPT), 
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or pre-B-cell colony-enhancing factor (PBEF) — is 
the most abundant adipokine secreted mainly from the 
visceral fat adipocytes, and it is positively correlated with 
body mass index (BMI). Visfatin is upregulated during 
adipocyte differentiation and has insulin-like activity under 
physiological conditions; hence, elevated visfatin levels 
have been found to be positive correlated with metabolic 
syndromes, such as polycystic ovary syndrome [7], type 2 
diabetes mellitus (T2DM) [8], and cardiovascular diseases 
[9]. In addition, visfatin is also one of the inflammatory 
cytokines and can interact with interleukin-6 (IL-6) and 
tumor necrosis factor-alpha (TNF-α)[10]. Moreover, visfatin 
has the ability to regulate a variety of signaling pathways 
that play key roles in the pathologic process of cancers, such 
as PI3K/Akt, ERK1/2, and STAT3 [11]. Therefore, elevated 
visfatin expression may impact the development of various 
cancers and could be a potential therapeutic target in the 
effective control of cancers.

Previous studies have identified that circulating 
visfatin levels are elevated in patients with colorectal 
cancer [12], gastric cancer [13], breast cancer [14], 
prostate cancer [15], pancreatic cancer [16], and oral 
cancers [17]. Ninomiya et al. [18] have found a positive 
correlation between HCC tumor size and serum visfatin 
levels, regardless of complications related to obesity 
and diabetes. However, the levels of circulating visfatin 
in HCC patients and their value in the diagnosis and 
prognosis of HCC remain unclear. In this study, we 
performed circulating visfatin expression analysis 
comprehensively to investigate the potential association 
between serum visfatin levels and the characteristics of 
HCC using a retrospective study.

RESULTS

Serum visfatin levels in HCC patients

The basic characteristics and clinical laboratory 
parameters of the study population are shown in Table 1. 
Significant differences were found between the patients 
and controls in terms of gender and age (P < 0.05) but not 
smoking, drinking, and BMI. In the test of the laboratory 
parameters, such as AFP, TP, ALB, ALT, and AST, 
significant differences were also observed between each 
group (P< 0.001). With respect to serum visfatin levels, 
the median serum visfatin concentration in HCC patients 
was 1.113 ng/mL (range: 0.823-2.214 ng/mL), which was 
significant higher than those of healthy controls, CHB 
patients, and LC patients (P<0.05, Table 1 and Figure 1). 
The levels of serum visfatin were also significantly 
increased in CHB and LC patients as compared with 
controls (P< 0.001); however, there was no significant 
difference in serum visfatin levels in the two groups 
(P=0.327, Figure 1).

The associations between various serum visfatin 
levels and HCC risk were analyzed. According to the 

serum visfatin concentration in CHB and LC patients, the 
quartile intervals for the serum visfatin levels were <0.51 
ng/mL, 0.51-0.89 ng/mL, 0.891-1.454 ng/mL, and ≥1.455 
ng/mL. The frequency of serum visfatin levels ≥1.455 ng/
mL in HCC patients was significant higher than that of 
CHB+LC patients (31.8% vs 25.0%). When compared 
with serum visfatin levels <0.51 ng/mL (Table 2), HCC 
risk was significantly increased for 0.51-0.89 ng/mL levels 
(OR=5.34, 95CI%=2.050-13.894), 0.891-1.454 ng/mL 
levels (OR=4.90, 95CI%=1.914-12.526), and ≥1.455 ng/
mL levels (OR=6.69, 95CI%=2.648-16.879), indicating 
there was a high HCC risk in CHB and LC patients with 
elevated serum visfatin levels.

The possible association between serum visfatin 
concentration and AFP and IL-6 in HCC patients was 
analyzed further. In 135 HCC patients, the serum AFP 
and IL-6 concentrations were 324.9 ng/mL (range: 9.9-
6128.3 ng/mL) and 65.32 ± 31.63 mmol/L, respectively. 
The mean Pearson product-moment correlation coefficient 
(r) of AFP with serum visfatin concentration was 0.595 
(P<0.001, Figure 2A), indicating a positive correlation 
between serum AFP and visfatin concentration in HCC 
patients. Similar results (r=0.261, P=0.015, Figure 2B) 
were also obtained between the serum IL-6 and visfatin 
concentrations in HCC patients.

To evaluate the diagnostic accuracy of serum visfatin 
levels between HCC patients and CHB+LC subjects, ROC 
curve analysis was performed (Figure 3). The AUC of 
the ROC curve of serum visfatin, when used to predict 
HCC, was 0.626 (95%CI=0.575-0.676). The best cutoff 
value was 1.403 ng/mL, with a sensitivity of 45.76% and 
a specificity of 74.79%. In comparison, the AUC of AFP 
to predict HCC was 0.788 (95%CI=0.743-0.828, AUCAFP 
vs AUCvisfatin: P<0.001), with a sensitivity of 69.17% and 
a specificity of 86.97%. The AUC for the combination of 
visfatin and AFP was 0.753(95%CI=0.706-0.796), which 
was similar to that of AFP(P=0.296).

Relationship between serum visfatin levels and 
clinical factors in HCC patients

According to the best cutoff value detected via 
ROC curve analysis, serum visfatin levels were bifurcated 
at 1.403 ng/mL. Values ≥1.403 ng/mL were considered 
high levels of serum visfatin, and values <1.403 ng/
mL indicated low levels of serum visfatin. As show in 
Table 3, it was found that high serum visfatin levels were 
significantly correlated with gender, smoking, tumor size, 
tumor stage, and 5-year survival (P<0.05).

Overall survival analysis in HCC patients

During the 5-year follow-up, the median overall 
survival was 23.0 months for those with low serum 
visfatin levels(<1.403 ng/mL) and 12.5 months for 
those with high serum visfatin levels(≥1.403 ng/mL). As 
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Table 1: The characteristics of study population

Characteristics Control (N=149) CHB
(N=115)

LC
(N=129)

HCC
(N=135) P

Age (years) 46.34±7.12 45.27±9.768 48.71±11.65 49.93±11.72 0.001*

Gender <0.001▴

 Man 54.4(81) 66.1(76) 77.5(100) 87.4(118)

 Female 45.6(68) 33.9(39) 22.5(29) 12.6(17)

Smoking 0.108▴

 Yes 30.9(46) 42.6(49) 38.8(50) 30.4(41)

 No 69.1(103) 57.4(66) 61.2(79) 69.6(94)

Drinking 0.703▴

 Yes 28.2(42) 34.8(40) 32.6(42) 31.1(42)

 No 71.8(107) 65.2(75) 67.4(87) 68.9(93)

BMI (kg/m2) 22.34±3.55 21.94±3.56 22.86±3.89 22.06±3.31 0.173*

AFP (ng/mL) - 12.7(3.6-65.2) 8.0(3.0-18.7) 324.9(9.9-6128.3) <0.001#

TP (g/L) 74.0±6.3 71.6±8.8 71.5±9.5 68.0±9.2 <0.001*

ALB (g/L) 41.4±5.1 40.8±6.8 37.0±8.4 38.0±5.5 <0.001*

ALT (IU/L) 22(18-30) 47(28-78) 43(28-43) 47(31-86) <0.001#

AST (IU/L) 22(15-31) 39(28-86) 33(23-47) 42(29-78) <0.001#

IL-6 (mmol/L) - - - 65.32±31.63

Visfatin (ng/mL) 0.759(0.714-0.810) 0.868(0.345-1.521) 0.919(0.743-1.476) 1.113(0.823-2.214) <0.001#

*a one-way ANOVA test; ▴ χ2 test; #Kruskal-Wallis test.

Figure 1: The serum visfatin concentration in liver diseases and controls. CHB, chronic hepatitis B; LC, liver cirrhosis; HCC, 
hepatocellular carcinoma.
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Table 2: The associations between various serum visfatin levels and HCC risk

Quartile intervals 
(ng/mL)

HCC CHB+LC
OR 95%CI

N Frequency(%) N Frequency(%)

<0.51 6 4.4 61 25 1ref

0.51-0.89 38 28.1 61 25 5.34 2.050-13.894

0.891-1.454 40 29.6 61 25 4.90 1.914-12.526

≥1.455 51 37.8 61 25 6.69 2.648-16.879

Figure 2: The correlation between serum visfatin and AFP A., IL-6 B. concentration in patients with HCC.

Figure 3: Receiver operating characteristic curve analysis for the predictive performance of serum visfatin for HCC.
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shown in Figure 4, an analysis of the overall survival of 
HCC patients stratified by serum visfatin levels suggests 
that HCC patients with high serum visfatin levels had 
significantly shorter overall survival times than those with 
low serum visfatin levels (P<0.001).

DISCUSSION

In this study, we comprehensively evaluated 
the potential value of serum visfatin in HCC patients, 
and results indicated that serum visfatin levels were 
significantly elevated in patients with HCC and were 
associated with AFP, IL-6, tumor size, and tumor stage. 
Meanwhile, we also found that high serum visfatin 
levels were correlated with high HCC risk and poor 
overall survival. However, the ROC analysis showed that 
visfatin did not have superior predictive value for HCC as 
compared with that of AFP.

Adipose tissue is a complex endocrine system that 
produces a large number of adipokines, such as leptin, 

resistin, adiponectin, and visfatin. These adipocytokines 
are commonly increased in obesity-related such as 
NAFLD and metabolic syndrome, including HCC, 
and play a fundamental role in these diseases [19]. For 
example, increased leptin expression has been found in 
HCC cell lines and HCC tissue, as well as to increase 
tumor invasiveness and the migration of HCC [20, 21]. 
In contrast, the increased adiponectin expression in HCC 
patients antagonizes the oncogenic actions of leptin in 
HCC [22]. In this study, we also observed circulating 
visfatin to be significantly increased in patients with 
liver diseases, especially HCC. Similar results have been 
obtained in other patients with digestion system tumors. 
In 358 colorectal cancer (CRC) cases and 286 controls, 
Chen et al.[23] found that the visfatin levels in patients 
with CRC were significantly higher than those in controls 
(P<0.05). When detecting the Nampt protein in the 
cytoplasm, Chen et al.[24] found that the levels of Nampt 
in 68 gastric carcinoma cases (13±5) were significantly 
higher than those in 59 normal gastric tissues (6±3) (P < 

Table 3: Relationship between serum visfatin levels and clinical factors in HCC patients

Characteristics
Low Visfatin level High Visfatin level

χ2 P
(n=81) (n=54)

Age 0.028 0.867

 <60 62(76.5) 42(77.8)

 >60 19(23.5) 12(22.2)

Gender 4.049 0.044

 Man 67(82.7) 51(94.4)

 Female 14(17.3) 3(5.6)

Smoking 4.256 0.039

 Yes 30(37.0) 11(20.4)

 No 51(63.0) 43(79.6)

Drinking 0.092 0.761

 Yes 26(32.1) 16(29.6)

 No 55(67.9) 38(70.4)

Tumor size 10.709 0.001

 <3cm 56(69.1) 22(40.7)

 ≥3cm 25(30.9) 32(59.3)

Tumor stage 6.058 0.014

 I, II 49(60.5) 21(38.9)

 III, IV 32(39.5) 33(61.1)

5 years survival 3.913 0.048

 Dead 65(80.2) 50(92.6)

 Alive 16(19.8) 4(7.4)
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0.01). Increased visfatin expression has also been found in 
the plasma of 262 gastric cancer patients [25]. However, 
Chen et al [26] did not observed increased serum 
visfatin levels in HCC patients as compared to controls 
(11.10/12.30), which stands in contrast to our results. 
In a recent meta-analysis, Chang et al. [27] observed a 
positive correlation between elevated serum visfatin levels 
and overweight/obesity(BMI≥25kg/m2). Another study by 
Jurdana et al. [28] also found higher serum visfatin levels 
in overweight/obesity(BMI≥29kg/m2) subjects than in 
controls (4.1±0.6 ng/mL vs.1.8±0.6 ng/mL for males and 
4.4±0.5 ng/mL vs. 2.5±0.5 ng/mL for females). Therefore, 
we selected participants with BMI<25 kg/m2 in this study 
to reduce the effect of overweight/obesity on serum 
visfatin levels. However, the study performed by Chen 
et al. [26] involved 38.2% overweight/obesity subjects 
among controls, which may be the main reason for the 
inconsistent results between our study and theirs.

The increased visfatin concentration in patients 
with HCC suggests that visfatin may be involved in the 
process of HCC. Actually, we found that high serum 
visfatin levels were related to HCC risk. The role of 
visfatin in the development of HCC has been attributed 
to several possible mechanisms. First, visfatin can be 
considered a pro-inflammatory adipocytokine. The 
expression of visfatin has been shown to closely interact 
with inflammation and immune-related cytokines; for 
example, visfatin induces the production of IL-1beta, 

TNF-α, and especially IL-6 [10], and incubation with 
IL-6 in HUVECs induced a significant increase in visfatin 
mRNA levels [25]. In this study, we also found that serum 
visfatin concentration in HCC patients was positively 
correlated with serum IL-6 concentration, indicating that 
visfatin plays a role in inflammatory in HCC. In fact, 
adipocytokines are similar to classical cytokines. For 
example, leptin has many pro-inflammatory functions 
and can increase the production of pro-inflammatory 
cytokines, such as IL-6, TNF-α, and IL-12 [26]. Similar 
to IL-6, visfatin preferentially stimulated the proliferation 
of HepG2, Hep3B, and HuH7 human HCC cells [18]. 
Secondly, the overexpression of visfatin increased the 
activity of a number of signaling pathways that encourage 
carcinogenesis, such as NAD-dependent SIRTs, PI3K/
Akt, ERK1/2, and STAT3 [11, 27]. Similar to our study, 
Chen et al. [23] also found that patients with high levels 
of visfatin had a higher risk for early and advanced CRC 
(OR=3.37, P=0.011; OR= 2.38, P=0.015, respectively). 
Therefore, decreasing visfatin expression might be a 
potential strategy for the prevention of HCC in chronic 
liver diseases.

Furthermore, we found that high levels of serum 
visfatin were significantly associated with larger 
tumor size and higher tumor stage. Consistent with our 
results, Ninomiya et al.[18] found that serum visfatin 
concentration in HCC patients was positively correlated 
with tumor size. In another study, elevated plasma visfatin 

Figure 4: The overall survival of HCC patients stratified by serum visfatin levels during 5-year follow-up using 
Kaplan–Meier method.
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levels in gastric cancer patients was found to be correlated 
with invasion depth, lymph node metastasis, distant 
metastasis, peritoneal dissemination, tumor size, and 
tumor node metastasis stage; furthermore, multivariate 
Cox regression analysis identified plasma visfatin level as 
an independent predictor of overall survival [28]. In this 
study, we also found that HCC patients with high serum 
visfatin levels had significantly shorter overall survival 
times than those with low serum visfatin levels (P<0.001). 
These results suggest that elevated visfatin expression can 
accelerate the progress of cancers. Indeed, in vitro, visfatin 
leads to increased cancer cell survival and migration [29], 
the preferentially stimulated proliferation of HCC cells 
[18], and the increased viability of the cancer cells by 
inducing antioxidative activity [30]. In vivo, the visfatin 
levels decreased significantly after chemotherapy [31]. On 
the basis of previous studies and our results, visfatin could 
be a potential therapeutic target of HCC.

Although elevated levels of visfatin have been 
observed in various cancers, very few studies have 
investigated the diagnostic and predictive value of serum 
visfatin for detecting cancer. Some studies have shown 
acceptable diagnostic value on the part of circulating 
visfatin levels for the detection of early CRC (sensitivity= 
68.2% and specificity=70.8%, AUC=0.812)[32] and 
postmenopausal breast cancer (sensitivity= 97.6% and 
specificity=92.6%, AUC=0.724)[33]. To our knowledge, 
this is the first study to investigate the potential diagnostic 
value of serum visfatin levels for HCC. In this study, 
with respect to serum visfatin, ROC analysis showed 
unappealing sensitivity and specificity values regarding 
diagnostic markers for HCC, especially compared with 
those of AFP, a traditional tumor marker for HCC, 
although the serum visfatin concentration in HCC patients 
was positively correlated with AFP concentration. 
Therefore, we do not recommend adding visfatin to the 
set of diagnostic biomarkers for HCC.

Our study has a few limitations. Visfatin, as a form 
of extracellular NAMPT, is susceptible to overexpression 
under oxidative stress in HCC cells; it then inhibits the 
growth of hepatoma cells [34]. In contrast, Buldak et 
al. [30] observed that elevated visfatin levels induced 
antioxidant capacity and promoted melanoma cell 
proliferation. Therefore, visfatin may play different 
roles in the development of HCC, and monitoring serum 
visfatin levels in various HCC stages will strengthen 
our conclusions. Additionally, only participants with 
BMI<25 kg/m2 were included in this study, therefore, 
the role of visfatin in HCC in obese patients remains 
unclear; in addition, the relation between visfatin levels 
and the other index of of visceral fat mass, such as 
waist circumference, waist-hip ratio, lipid accumulation 
product, are not evaluated and adjusted in this study, 
which might produce potential bias for our results, as 
visfatin is upregulated during adipocyte differentiation. 

Finally, this study only focused on the patients with HBV 
infection, the role of visfatin levels in HCC patients with 
HCV, alcohol, and autoimmune hepatitis, should be 
further studied in future.

In summary, our data found, for the first time, 
significantly increased serum visfatin levels to be 
associated with higher HCC risk, higher-grade malignancy, 
and poor overall survival. The results of the present study 
indicate that targeting visfatin might be a promising 
strategy for the prevention or treatment of HCC patients.

MATERIALS AND METHODS

Subjects

All participants were recruited at the Third Affiliated 
Hospital of Guangxi University of Chinese Medicine in 
Liuzhou, China, from April 2010 to January 2011. All 
patients were hepatitis-B-surface-antigen- and hepatitis-
B-virus-core-antibody-positive. The diagnostic criteria 
for chronic hepatitis B (CHB) included the following: 
elevated serum alanine aminotransferase (ALT) or 
aspartate aminotransferase (AST) levels (> 40 IU/mL) or 
HBV-DNA levels > 1,000 copies/mL. The liver cirrhosis 
(LC) patients were diagnosed on the basis of a pathological 
examination, laboratory features, and the findings of 
computed tomography (CT) or ultrasonography. The 
HCC patients were diagnosed based on a continued rise 
in serum alpha fetal protein (AFP) levels (> 400 ng/mL) 
and an imaging examination or confirmed via pathological 
examination; these patients underwent surgery. All HCC 
patients were followed up every 3 months for 3 years and 
thereafter every 6 months for 2 years. Finally, 115 CHB 
patients, 129 LC patients, and 135 HCC patients were 
included in this study. In addition, 149 healthy people 
were selected as controls.

The exclusion criteria were co-infection with 
hepatitis A/C/D/E viruses and having other liver diseases, 
such as alcoholic liver diseases or autoimmune hepatitis. 
To avoid the effect of obesity on visfatin levels, patients 
with BMI≥25kg/m2 were excluded.

All participants provided written informed consent 
for this study, and this study was approved by the Ethics 
Committee of the Third Affiliated Hospital of Guangxi 
University of Chinese Medicine.

Immunoassay methods

Fasting peripheral venous blood was collected 
from all participants at the time of diagnosis, and after 
centrifugation for 10 minutes at 3000g, the serum samples 
were stored at -80°C prior to assay. Serum levels of visfatin 
were determined via enzyme-linked immunosorbent assay 
(CUSABIO BIOTECH); the intra-assay precision was < 
8.0%, and the inter-assay precision was < 10.0%. Serum 
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alpha fetal protein (AFP) and IL-6 concentrations were 
measured with the Cobas e601 system.

Statistical analysis

Continuous variables were expressed as 
means±standard deviations (SD) if they were normally 
distributed upon Shapiro-Wilk test, and differences in the 
data were compared with a one-way ANOVA test; otherwise, 
data were shown as the median and interquartile range 
(IRQ) and were tested via Kruskal-Wallis test. To avoid 
the false positive results, the extremely high data (>3SD) 
were excluded when compared. Differences in qualitative 
characteristics, such as the distributions of gender, 
ethnicity, smoking, drinking, tumor stage, and tumor size, 
were analyzed using the Chi-squared test. In addition, the 
degrees of association between continuous variables were 
calculated via Pearson correlation coefficient. The predictive 
performance of visfatin levels for HCC was evaluated using 
a receiver operating characteristic (ROC) curve analysis, 
along with the calculated area under the curve (AUC). The 
sensitivities and specificities were calculated using a cut-off 
value that was selected from the ROC curve. Odds ratios 
(ORs) with 95% confidence intervals (CIs) were calculated 
for different degrees of serum visfatin in both HCC and 
CHB+LC groups, using a binary logistic regression analysis 
by adjusting for confounding factors, such as age, gender, 
smoking, and drinking. Overall survival was estimated 
using the Kaplan–Meier method, and intergroup differences 
in survival time were tested using the log-rank test.

The statistical analysis was performed using SPSS 
19.0 software (IBM Corporation, Armonk, NY, USA), 
GraphPad Prism 6.0 (GraphPad Software, La Jolla, CA, 
USA), and MedCalc 15.6.1 software (MedCalc Software 
bvba, Ostend, Belgium) as appropriate. All statistical tests 
were two-tailed, and a P-value < 0.05 was considered 
statistically significant.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of 
interest.

GRANT SUPPORT

This study was funded by Liuzhou scientific 
research and technological development programs 
(Grant No. 2015J030506); Natural Science Foundation 
of Guangxi University of Chinese Medicine (Grant 
No. YB14030) and The Self-funded research project of 
Guangxi Zhuang Autonomous Region health and Family 
Planning Commission (Grant No.Z2015206); Youth 
Science Foundation of Guangxi Medical University 
(Grant No.GXMUYSF201545); Guigang scientific 
research and technological development programs (Grant 
No.1513009)

REFERENCES

1. Yang JD, Roberts LR. Hepatocellular carcinoma: a global 
view. Nature Reviews Gastroenterology & Hepatology. 
2010; 7:448-458.

2. Chuang SC, La Vecchia C, Boffetta P. Liver cancer: 
descriptive epidemiology and risk factors other than HBV 
and HCV infection. Cancer letters. 2009; 286:9-14.

3. Mittal S, El-Serag HB. Epidemiology of hepatocellular 
carcinoma: consider the population. Journal of clinical 
gastroenterology. 2013; 47 Suppl:S2-6.

4. Bhaskaran K, Douglas I, Forbes H, dos-Santos-Silva I, Leon 
DA, Smeeth L. Body-mass index and risk of 22 specific 
cancers: a population-based cohort study of 5.24 million 
UK adults. Lancet (London, England). 2014; 384:755-765.

5. Calle EE, Rodriguez C, Walker-Thurmond K, Thun 
MJ. Overweight, obesity, and mortality from cancer in 
a prospectively studied cohort of U.S. adults. The New 
England journal of medicine. 2003; 348:1625-1638.

6. Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. 
Body-mass index and incidence of cancer: a systematic 
review and meta-analysis of prospective observational 
studies. Lancet (London, England). 2008; 371:569-578.

7. Sun Y, Wu Z, Wei L, Liu C, Zhu S, Tang S. High-visfatin 
levels in women with polycystic ovary syndrome: evidence 
from a meta-analysis. Gynecological endocrinology. 2015; 
31:808-814.

8. Lee JM, Kim SR, Yoo SJ, Hong OK, Son HS, Chang SA. 
The relationship between adipokines, metabolic parameters 
and insulin resistance in patients with metabolic syndrome 
and type 2 diabetes. The Journal of international medical 
research. 2009; 37:1803-1812.

9. Jin LW, Zheng SB, Zhou ZH, Pan SF, Zheng Y. Correlation 
between polymorphisms in the visfatin gene and its 
expression in the serum and coronary artery calcification. 
Genetics and molecular research. 2016; 15.

10. Moschen AR, Kaser A, Enrich B, Mosheimer B, Theurl 
M, Niederegger H, Tilg H. Visfatin, an adipocytokine 
with proinflammatory and immunomodulating properties. 
Journal of immunology (Baltimore, Md: 1950). 2007; 
178:1748-1758.

11. Bi TQ, Che XM. Nampt/PBEF/visfatin and cancer. Cancer 
Biol Ther. 2010; 10:119-125.

12. Nakajima TE, Yamada Y, Hamano T, Furuta K, Matsuda T, 
Fujita S, Kato K, Hamaguchi T, Shimada Y. Adipocytokines 
as new promising markers of colorectal tumors: Adiponectin 
for colorectal adenoma, and resistin and visfatin for 
colorectal cancer. Cancer Science. 2010; 101:1286-1291.

13. Nakajima TE, Yamada Y, Hamano T, Furuta K, Gotoda T, 
Katai H, Kato K, Hamaguchi T, Shimada Y. Adipocytokine 
levels in gastric cancer patients: resistin and visfatin as 
biomarkers of gastric cancer. Journal of gastroenterology. 
2009; 44:685-690.



Oncotarget23435www.impactjournals.com/oncotarget

14. Dalamaga M, Karmaniolas K, Papadavid E, Pelekanos 
N, Sotiropoulos G, Lekka A. Elevated serum visfatin/
nicotinamide phosphoribosyl-transferase levels are 
associated with risk of postmenopausal breast cancer 
independently from adiponectin, leptin, and anthropometric 
and metabolic parameters. Menopause. 2011; 18:1198-1204.

15. Patel ST, Mistry T, Brown JEP, Adya R, Randeva HS, Desai 
K. A novel role for the adipokine visfatin in prostate cancer. 
Bju International. 2009; 103:20-20.

16. Gasiorowska A, Talar-Wojnarowska R, Kaczka A, 
Borkowska A, Czupryniak L, Malecka-Panas E. 
Serum Leptin, Resistin and Visfatin Concentrations 
in Patients With Newly Diagnosed Pancreatic Cancer. 
Gastroenterology. 2013; 144:S659-S659.

17. Lin LW, Lu YC, Wang CP, Hsu CC, Lu LF, Hsin MC, Tsai 
IT, Chung FM, Houng JY, Lee YJ, Chen CY. Visfatin/
pre-B cell colony-enhancing factor immunohistochemical 
overexpression in oral cancers. Journal of Applied 
Biomedicine. 2014; 12:255-262.

18. Ninomiya S, Shimizu M, Imai K, Takai K, Shiraki M, 
Hara T, Tsurumi H, Ishizaki S, Moriwaki H. Possible 
role of visfatin in hepatoma progression and the effects 
of branched-chain amino acids on visfatin-induced 
proliferation in human hepatoma cells. Cancer prevention 
research (Philadelphia, Pa). 2011; 4:2092-2100.

19. Wieser V, Moschen AR, Tilg H. Adipocytokines and 
hepatocellular carcinoma. Digestive diseases (Basel, 
Switzerland). 2012; 30:508-513.

20. Saxena NK, Taliaferro-Smith L, Knight BB, Merlin D, 
Anania FA, O'Regan RM, Sharma D. Bidirectional crosstalk 
between leptin and insulin-like growth factor-I signaling 
promotes invasion and migration of breast cancer cells via 
transactivation of epidermal growth factor receptor. Cancer 
research. 2008; 68:9712-9722.

21. Stefanou N, Papanikolaou V, Furukawa Y, Nakamura Y, 
Tsezou A. Leptin as a critical regulator of hepatocellular 
carcinoma development through modulation of human 
telomerase reverse transcriptase. BMC cancer. 2010; 
10:442.

22. Sharma D, Wang J, Fu PP, Sharma S, Nagalingam A, Mells 
J, Handy J, Page AJ, Cohen C, Anania FA, Saxena NK. 
Adiponectin antagonizes the oncogenic actions of leptin in 
hepatocellular carcinogenesis. Hepatology (Baltimore, Md). 
2010; 52:1713-1722.

23. Chen M, Wang Y, Li Y, Zhao L, Ye S, Wang S, Yu C, Xie 
H. Association of plasma visfatin with risk of colorectal 
cancer: An observational study of Chinese patients. Asia 
Pac J Clin Oncol. 2013.

24. Long Hl, Che Xm, Bi Tq, Li Hj, Liu Js, Li Dw. [The 
expression of nicotinamide phosphoribosyl transferase and 
vascular endothelial growth factor-A in gastric carcinoma 
and their clinical significance]. Chinese journal of surgery. 
2012; 50:839-842.

25. Wang YS, Gao W, Li HF, Wang ZM, Zhu J, Zhao H, Yan 
JJ, Jia EZ, Yang ZJ, Wang LS. Mechanistic insights into 
the link between visfatin gene C-1535T polymorphism and 
coronary artery disease: an in vitro study. Molecular and 
cellular biochemistry. 2012; 363:315-322.

26. Lord GM, Matarese G, Howard JK, Baker RJ, Bloom SR, 
Lechler RI. Leptin modulates the T-cell immune response 
and reverses starvation-induced immunosuppression. 
Nature. 1998; 394:897-901.

27. Revollo JR, Grimm AA, Imai S. The NAD biosynthesis 
pathway mediated by nicotinamide phosphoribosyltransferase 
regulates Sir2 activity in mammalian cells. The Journal of 
biological chemistry. 2004; 279:50754-50763.

28. Lu GW, Wang QJ, Xia MM, Qian J. Elevated plasma 
visfatin levels correlate with poor prognosis of gastric 
cancer patients. Peptides. 2014; 58:60-64.

29. Huang WS, Chen CN, Sze CI, Teng CC. Visfatin induces 
stromal cell-derived factor-1 expression by beta1 integrin 
signaling in colorectal cancer cells. Journal of cellular 
physiology. 2013; 228:1017-1024.

30. Buldak RJ, Buldak L, Polaniak R, Kukla M, Birkner E, 
Kubina R, Kabala-Dzik A, Dulawa-Buldak A, Zwirska-
Korczala K. Visfatin affects redox adaptative responses and 
proliferation in Me45 human malignant melanoma cells: an 
in vitro study. Oncology reports. 2013; 29:771-778.

31. Słomian G, Świętochowska E, Malinowska-Borowska J, 
Kasperczyk S, Rogalska A, Nowak P. Association between 
chemotherapy and plasma adipokines in patients with 
colorectal cancer. Pharmacological reports: PR. 2014; 
66:902-907.

32. Zekri AR, Bakr YM, Ezzat MM, Zakaria MS, Elbaz 
TM. Circulating Levels of Adipocytokines as Potential 
Biomarkers for Early Detection of Colorectal Carcinoma 
in Egyptian Patients. Asian Pacific journal of cancer 
prevention. 2015; 16:6923-6928.

33. Assiri AM, Kamel HF. Evaluation of diagnostic and 
predictive value of serum adipokines: Leptin, resistin and 
visfatin in postmenopausal breast cancer. Obesity research 
& clinical practice. 2016; 10:442-453.

34. Lin YC, Wu HC, Liao CC, Chou YC, Pan SF, Chiu CM. 
Secretion of One Adipokine Nampt/Visfatin Suppresses the 
Inflammatory Stress-Induced NF-κB Activity and Affects 
Nampt-Dependent Cell Viability in Huh-7 Cells. Mediators 
of Inflammation. 2015; 2015:392471.


