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Abstract

As it had been already stated by latest research, inflammation is a condition 
which sits at the very base of atherogenesis, which is the major consequence of the 
metabolic syndrome. It was stated that adipose tissue impacts all organs by the synthesis 
of adipokines. Visfatin/NAMPT is a biomarker that was recently discovered in mice 
(2005). In the beginning it was believed to have insulin-like properties, but afterwards 
research has found important links between Visfatin and inflammation, endothelial 
dysfunction and atherosclerosis in coronary artery disease. It was also linked to plaque 
instability in acute coronary syndromes. More studies are needed though, to clearly 
state whether Visfatin/NAMPT has a positive or negative role because, up until now, 
the only sure fact is that its serum levels correlate with the presence of an inflammatory 
state. 
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ischemic cardio-vascular disease, patients with metabolic 
syndrome automatically had a high cardio-vascular risk and 
increased all cause mortality because it is linked with high 
prevalence of myocardial infarction and stroke.

Omental adipose tissue also is not an inert organ, but it 
acts as an endocrine system which sets free in the circulation 
a various number of adipokines [2]. In particular, individuals 
with central adipose tissue are at high risk, because these 
adipocytes synthetize various proinflammatory chemokines 
(MCP-1, macrophage migration inhibitory factor-MIF-, 
tumor necrosis factor, interluekine-1, -6, pro-coagulant 
and proinflammatory mediators such as tissue factor (TF), 
plasminogen activator inhibitor-1 (PAI-1), vasoactive 
substances such as angiotensinogen and endothelin-1, 
molecules involved in the pathogenesis of insulin resistance 
(TNF and resistin) [3,4,5,6]. Also, Visfatin, which was 
previously linked to the pre-B cell maturation pathway (also 
named pre-B cell colony enhacing factor), is abundantly 
expressed in the visceral adipose tissue and its expression 
is up-regulated by other cytokines [7]. Visfatin is a protein 
that can induce the production of IL-1, TNF, and IL-6 by the 
monocytes [8].

Introduction
Research of the last decade has concluded that 

obesity is closely linked to systemic inflammation through 
proinflammatory cytokines such as TNF-alfa, IL-6, as 
they are being secreted by the adipo-cells. When referring 
to insulin resistance it has already been stated that these 
cytokines contribute to the development of T2DM and they 
also interfere with the immune system. T2DM and insulin 
resistance are among the most important cardiovascular 
risk factors, whose prevalence is not foreseen to diminish 
in the next years.

The definition of the metabolic syndrome is the sum 
of: low glucose tolerance, high insulin, type 2 diabetes, 
obesity and arterial hypertension. It is a real health problem 
worldwide that affects an important proportion of the 
population and its prevalence is continuously growing. 
We can almost talk about an epidemic of atherosclerotic 
disease. In one study [1] regarding the risk factors for the 
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The vascular effects of Visfatin are both acute 
and chronic: if acutely exposed to Visfatin, it acts by 
increasing the eNOS expression activity in endothelial 
cells. When administered chronicly it promotes all stages 
of atherothrombosis (plaque formation, plaque rupture and 
occlusion) [9].

Inflammation and metabolic syndrome
In all patients, but specially in obese and T2DM 

patients, at the level of the visceral and subcutaneous  
adipose fat tissue, there is an intense pro-inflammatory 
activity which is promoted by the adipose cells together 
with the inflammatory cells. Therefore the adipose tissue 
is not only regarded as a fat depot, but a real organ that 
is capable of synthesizing a wide variety of adipokines.  
Once these adipokines are released, they can trigger 
different systemic effects on organs and tissues, many of 
which have been uncovered by latest research, but as we 
might assume, are only the “tip of the iceberg”. Together 
with widely known cytokines and chemokines like TNF-
alfa, IL-2, (MCP-1), coagulation factors, there are leptines 
and adiponectin. The latest two are specifically secreted 
by the adipose tissue. Latest research added a number of 
adipokines to the above list: resistin, apelin, dypeptidyl-
peptidase 4 (DDP-4) and Visfatin/NAMPT nicotinamide-
monophosphate-transferase). Samal et.al originally cloned 
Visfatin and its twin protein was also described in bacteria, 
intervertebrate sponges and fish.

In a state of chronic arterial wall injury (i.e 
hypertension, long term exposure to other risk factors) 
vascular smooth muscle cells (VSMC) respond by intense 
proliferation. Cytokines and growth factors such as IL-1, 
IL-6, TGF-1, TNF-alfa, thrombin, bFGF, IGF-1, PDGF, 
urokinase-plasminogen activator (u-PA), angiotensin-II, 
VEGF act as stimulators for VSMC through the pathway 
of MMP-9 [10]. 

When related to the obese subjects, research has 
shown that there is impaired vasodilation especially in 
the arteries involving cerebral, mesenteric, coronary and 
skeletal muscle areas. This is due to the over-secretion of 
proinflammatory cytokines , increased release of fatty-acids 
all of which in turn, alter gene expression and cell signaling 
at the level of the endothelium, promoting oxidative stress 
(increased production of super-oxide anion) and vascular 
insulin resistance which characterizes metabolic syndrome. 
Also it impairs the balance between vasodilation exerted 
via the NO/cGMP/PKG pathway and vasoconstriction via 
ET-1, in favor of the latter [10]. Research made on insulin 
resistant Zucker fa/fa rats show a reduced response to the 
NO/cGMP/PKD pathway by a reduced cGMP production, 
reduced NO and cGMP ability to activate PKG. Also it 
was demonstrated that Zucker fa/fa rats had high levels of 
O2 and antioxidants and these work as protectors for the 
pathway NO/cGMP/PKG, in contrast with oxidative stress 
products which alter it, therefore promoting detrimental 
vasoconstriction, which demonstrates the role of the 

oxidative stress in reducing the endothelium independent 
relaxation observed by other author in vivo models [11,12].

As mentioned before, the visceral adipose 
tissue plays a more significant role in the production of 
proinflammatory factors than the subcutaneous one. 
Visfatin is a relatively newly identified adipokine - named 
by joining the two terms; visceral fat - as initially it was 
thought that it was produced only by the visceral fat. In 
2005, Fukuhara et al. described it as an insulin-mimetic 
adipokine in mice, and then proved that it also existed 
in the human body, where it was known as the pre-B 
cell colony enhancing factor [13]. The action of Visfatin 
is of enzymatic type, similar to that of nicotinamide 
phosphoribosyl transferase, as demonstrated in 2002 by 
Rongvaux et al. [14]. Two Nampt isoforms have been 
described: the intracellular form (iNampt) responsible for 
the activity of the NAD-dependent enzymes, in relation 
to cell aging and cell survival, and the extracellular form 
(eNampt) responsible for transmitting inter-organ signals, 
an antiapoptotic effect promoting cardiovascular cell 
survival by delaying mPTP (mitochondrial permeability 
transition pore) opening due to oxidative stress [15–18]. 
The latest research studies have shown that in addition to 
adipocytes there are a variety of cells that secrete Visfatin: 
chondrocytes, amniotic epithelial cells, heart cells, 
pancreatic cells, liver cells [19]. The action of Visfatin is of 
the enzymatic type for nicotinamide adenine dinucleotide 
synthesis (NAD and Sirt1 [11]). Samal et al. provided 
significant proof that visfatin is expressed in lysates from 
human heart, pancreas , liver and skeletal muscle at the 
level of the mRNA. This finding was completed by recent 
studies which located visfatin also in human myoblasts and 
hepatocytes [20] chondrocytes, amniotic epithelial cells, 
pancreatic cells [21].

The patho-physiological role of Visfatin
Inflammation cells such as monocytes and 

macrophages induce and regulate immune functions by 
establishing intimate intercellular contact with T cells. 
Visfatin was demonstrated to significantly induce the 
expression of CD-80 and CD40 in monocytes and also of 
ICAM-1 (CD54), thus resulting in activation of T cells, 
also being an important chemotactic factor for CD14+ 
and Cd19+ B cells [12]. Furthermore, Visfatin activates 
endothelial cells and smooth muscle cells in vessels, and has 
an immunomodulatory role by increasing the expression 
of IL8 and TNF-alpha [22]. Stimulation with visfatin on 
human leukocytes demonstrate a dose dependent induction 
IL-1 beta, IL-1Ra, IL-10, IL-6. The most significant effects 
were observed on Il-6 [12]. Same study observed that when 
treating human monocytes with recombinant visfatin there 
was an induction dependent on p38 and MEK-1 of Il-
1beta, IL-6 and TNFalpha. But when administered to mice, 
visfatin produced an increase in IL-6, TNF-alpha and Il-
1beta were not elevated. The source of IL-6 seems to be the 
IL-6 mRNA [12]. Il-6 is present and involved in a variety 
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of immunological processes [12] and is a key factor for the 
progression of the atherothrombotic disease and plaque 
destabilization by activating MMPs, promoting oxidation 
of lipoproteins by phospholipases, stimulating the release 
of acute phase proteins and proinflammatory cytokines 
[10]. It is involved in the pathology of insulin resistance 
associated with visceral obesity [12] and its stimulation is 
a risk factor for re-stenosis after angioplasty because it is 
involved in the growth-factor-dependent VSMC migration  
and proliferation [10].

As demonstrated on HUVEC - Visfatin acts as a 
growth factor inducing proliferation of vascular smooth 
muscle cells and of fibroblasts, and plays a part in 
myocardial fibrosis and cardiac remodeling, in capillary 
tube neoformation mediated by the vascular endothelial 
growth factor (VEGF) [23].

Exogenous administration of Visfatin/Nampt 
promotes the expression of iNOS (inducible NO-synthase), 
which disrupts the production of nitric oxide and leads 
to the formation of peroxynitrite, and respectively to 
endothelial dysfunction.

HUVEC studies have also shown that Visfatin 
promotes the expression of cellular adhesion molecules 
such as ICAM-1, VCAM-1, E-selectin, molecules with 
a role in leukocyte recruitment and in proatherosclerotic 
events [24–26].

The current literature on the subject shows high 
levels of Visfatin/Nampt in patients with type II diabetes 
and / or obesity which, as it has been reiterated, represent 
individual risk factors for inflammation and, respectively, 
atherosclerosis.

Cardiovascular disease and Visfatin
Cardiovascular complications are largely 

accountable for the highest mortality among patients 
with diabetes. The atherosclerotic coronary, cerebral and 
peripheral arteries heart disease accounts for 80% mortality 
and 75% hospitalization rate in these patients [1].

Studies on the adipokine properties of Visfatin 
showed its involvement in all syndromes characterized by 
increased resistance to insulin (type II diabetes, gestational 
diabetes, polycystic ovary syndrome). Given that 
deregulated angiogenesis is mentioned as a pathogenetic 
factor in the atherosclerotic cardiovascular disease, the 
most recent research focused on demonstrating whether 
serum Visfatin could be used as a marker and predictor of 
this disease.

So far it has not been possible to clearly state whether 
the role of Visfatin is that of a promoter of inflammation or, 
on the contrary, a protector of the vasculature, or simply 
that of a biomarker, although there are important studies 
which stipulate all these variants. For example, some 
have shown that there is a strong correlation between 
serum levels of Visfatin and endothelial dysfunction while 
Uslu et al. claimed that they found no clear connection 
between Visfatin/Nampt and ADMA (asymmetric 

dymethylarginina), the main endogenous inhibitor of NO 
synthase (endothelial nitric oxide synthase) [20]. Taking a 
step even further, Kadoglou et al. demonstrated a positive 
connection between serum levels of Visfatin and intima-
media thickness (IMT) [27]. Nevertheless, what is clear so 
far is that Visfatin is found in the plasma of patients with 
inflammatory syndrome.

The sequence ischemia/reperfusion (I/R) is an event 
that is an important cause of heart failure. Nicotinamide-
phosphoribosyl transferase (NAMPT) is an enzyme that 
was shown to protect the heart from the IR phenomenon by 
two possible ways: a) through the positive effect of ischemic 
preconditioning (IPC) or b) caloric restriction upregulates 
Nampt and exerts its protective effects through Sirt-1 (a 
class III histone deacetylase) dependent pathways [24]. 
During ischemia, in order to survive from in an hypoxia 
state, cardiomiocytes switch their metabolism from an 
aerobic one to the anaerobic state. Therefore it goes from 
fatty acid oxidation to glycolysis, activating autophagy, 
a mechanism that preserves ATP [28]. If reperfusion 
rapidly occurs, , it provides fuel for the production of ATP 
( glucose, fatty acids), washes out the noxious products 
resulted from necrosis, but at the same time the rapid 
recovery of extracellular pH and the oxygen supply results 
in Ca+ overload and oxygen reactive species, which in 
turn, contribute to reperfusion injury [29]. Studies have 
shown that endogenous NAMPT/Visfatin is downregulated 
in response to I/R [24]. More surprisingly is that when 
administering NMN ( nicotinamide-mononucleotide), the 
product of NAMPT, to NAMPT+/- mice, it caused a partial 
recovery of insulin secretion from pancreatic B-cells. 
Takanobu et al. have demonstrated that myocardical 
infarction after I/R is exacerbated in NAMPT +/- mice, 
therefore endogenous NAMPT protects the heart from I/R 
injury [24].

When referring to the acute coronary syndrome, it no 
longer seems necessary to mention the importance of early 
detection biomarkers in the prognosis of immediate as well 
as long-term mortality. In this area it would be interesting 
to discover if certain markers could predict the risk of 
plaque rupture. Mazaherioun et al. have demonstrated that 
serum levels of Visfatin >7.244 ng/ml had a sensitivity of 
70% and a specificity of 75% in detecting patients with 
acute myocardical infarction ( AMI) [30]. Also, Yamamoto 
et al. demonstrated that in mice with an overexpression of 
NAMPT, infarct size was attenuated and NAMPT seemed 
to protect the heart from I/R in vivo [31].

What is clear so far is that in acute coronary 
syndrome plaque instability and serum levels of Il-6 and 
MCP-1 correlate positively with that of Visfatin / Nampt 
[30]. An over-expression of it has also been observed in 
smooth muscle cells in contact with the atherosclerotic 
plaque, and in the unstable plaque foam cells in patients 
who have suffered a heart attack. This led to the conclusion 
that Visfatin could be connected to plaque instability [30]. 
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Another group of researchers has shown that increased 
levels of Visfatin positively correlate with hs-CRP and 
artery occlusion, responsible for myocardial infarction 
[32].

These data allow us to feel confident that probably 
before long we will be able to predict unstable plaque 
rupture more accurately, which will result in a decrease of 
the mortality rate from acute myocardial infarction.

Conclusion
In the current context of knowledge on this new 

adipokine the following question rises: does Visfatin have 
a positive or a negative role? Until now, in different clinical 
contexts its function has not been clearly defined, but 
research clearly heads towards defining it as a biomarker 
of inflammation. 

References
1. Braunwald E, Bonow O R, Mann L D ZPD. No TitleBraunwald’s 
Heart Desease. 8th ed. Philadelphia: Saunders; 2007. 1009 p. 
2. Lebovitz HE, Banerji MA. Point: visceral adiposity is causally 
related to insulin resistance. Diabetes Care. 2005;28(9):2322–
2325. 
3. Rajala MW, Scherer PE. Minireview: The adipocyte-
at the crossroads of energy homeostasis, inflammation, and 
atherosclerosis. Endocrinology. 2003;144(9):3765–3773. 
4. Suganami T, Nishida J, Ogawa Y. A paracrine loop between 
adipocytes and macrophages aggravates inflammatory changes: 
role of free fatty acids and tumor necrosis factor alpha. Arterioscler 
Thromb Vasc Biol. 2005;25(10):2062–2068. 
5. Umemura S, Nyui N, Tamura K, Hibi K, Yamaguchi S, 
Nakamaru M, et al. Plasma angiotensinogen concentrations in 
obese patients. Am J Hypertens. 1997;10(6):629–633. 
6. Francischetti EA, Genelhu VA. Obesity-hypertension: an 
ongoing pandemic. Int J Clin Pract. 2007;61(2):269–280. 
7. Yamamoto T, Byun J, Zhai P, Ikeda Y, Oka S, Sadoshima 
J. Nicotinamide mononucleotide, an intermediate of NAD+ 
synthesis, protects the heart from ischemia and reperfusion. PLoS 
One. 2014;9(6):e98972.
8. Moschen AR, Kaser A, Enrich B, Mosheimer B, Theurl 
M, Niederegger H, et al. Visfatin, an adipocytokine with 
proinflammatory and immunomodulating properties. J Immunol. 
2007;178(3):1748–1758. 
9. Hausenloy DJ. Drug discovery possibilities from visfatin 
cardioprotection? Curr Opin Pharmacol. 2009;9(2):202–207. 
10. Anfossi G, Russo I, Doronzo G, Pomero A, Trovati M. 
Adipocytokines in atherothrombosis: focus on platelets 
and aascular smooth muscle cells. Mediators Inflamm. 
2010;2010:174341. 
11. Russo I, Del Mese P, Doronzo G, Mattiello L, Viretto M, 
Bosia A, et al. Resistance to the nitric oxide/cyclic guanosine 
5’-monophosphate/protein kinase G pathway in vascular smooth 
muscle cells from the obese Zucker rat, a classical animal model 
of insulin resistance: role of oxidative stress. Endocrinology. 2008 
;149(4):1480–1489. 
12. Laight DW, Kengatharan KM, Gopaul NK, Anggard EE, 
Carrier MJ. Investigation of oxidant stress and vasodepression to 
glyceryl trinitrate in the  obese Zucker rat in vivo. Br J Pharmacol. 
1998;125(4):895–901. 

13. Fukuhara A, Matsuda M, Nishizawa M, Segawa K, Tanaka M, 
Kishimoto K, et al. Visfatin: a protein secreted by visceral fat that 
mimics the effects of insulin. Science. 2005;307(5708):426–430. 
14. Rongvaux A, Shea RJ, Mulks MH, Gigot D, Urbain J, Leo 
O, et al. Pre-B-cell colony-enhancing factor, whose expression 
is up-regulated in activated lymphocytes, is a nicotinamide 
phosphoribosyltransferase, a cytosolic enzyme involved in NAD 
biosynthesis. Eur J Immunol. 2002;32(11):3225–3234. 
15. Revollo JR, Grimm AA, Imai S. The NAD biosynthesis 
pathway mediated by nicotinamide phosphoribosyltransferase 
regulates Sir2 activity in mammalian cells. J Biol Chem. 
2004;279(49):50754–50763. 
16. Ho C, van der Veer E, Akawi O, Pickering JG. SIRT1 markedly 
extends replicative lifespan if the NAD+ salvage pathway is 
enhanced. FEBS Lett. 2009;583(18):3081–3085. 
17. van der Veer E, Ho C, O’Neil C, Barbosa N, Scott R, Cregan 
SP, et al. Extension of human cell lifespan by nicotinamide 
phosphoribosyltransferase. J Biol Chem. 2007;282(15):10841–
10845. 
18. van der Veer E, Nong Z, O’Neil C, Urquhart B, Freeman 
D, Pickering JG. Pre-B-cell colony-enhancing factor regulates 
NAD+-dependent protein deacetylase activity and promotes 
vascular smooth muscle cell maturation. Circ Res. 2005;97(1):25–
34. 
19. Lovren F, Pan Y, Shukla PC, Quan A, Teoh H, Szmitko PE, 
et al. Visfatin activates eNOS via Akt and MAP kinases and 
improves endothelial cell function and angiogenesis in vitro 
and in vivo: translational implications for atherosclerosis. Am J 
Physiol Endocrinol Metab. 2009;296(6):E1440–E1449. 
20. Uslu S, Kebapci N, Kara M, Bal C. Relationship between 
adipocytokines and cardiovascular risck factors in patients with 
type 2 diabetes mellitus. Exp Ther Med. 2012;4(1):113–120. 
21. Romacho T, Sánchez-Ferrer CF, Peiró C. Visfatin/Nampt: 
an adipokine with cardiovascular impact. Mediators Inflamm. 
2013;2013:946427. 
22. Dahl TB, Yndestad A, Skjelland M, Oie E, Dahl A, Michelsen 
A, et al. Increased expression of visfatin in macrophages of 
human unstable carotid and coronary atherosclerosis: possible 
role in inflammation and plaque destabilization. Circulation. 
2007;115(8):972–980. 
23. Xiao J, Xiao ZJ, Liu ZG, Gong HY, Yuan Q, Wang S, et al. 
Involvement of dimethylarginine dimethylaminohydrolase-2 
in visfatin-enhanced angiogenic function of endothelial cells. 
Diabetes Metab Res Rev. 2009;25(3):242–249. 
24. Lee WJ, Wu CS, Lin H, Lee IT, Wu CM, Tseng JJ, et al. 
Visfatin-induced expression of inflammatory mediators in human 
endothelial cells  through the NF-kappaB pathway. Int J Obes 
(Lond). 2009;33(4):465–472. 
25. Tian W, Zhu Y, Wang Y, Teng F, Zhang H, Liu G, et al. Visfatin, 
a potential biomarker and prognostic factor for endometrial 
cancer. Gynecol Oncol. 2013;129(3):505–512. 
26. Galkina E, Ley K. Vascular adhesion molecules in 
atherosclerosis. Atherscler Thromb Vasc Biol. 2007;27:2292–
2301. 
27. Kadoglou NP, Sailer N, Moumtzouoglou A, Kapelouzou A, 
Tsanikidis H, Vitta I, et al. Visfatin (nampt) and ghrelin as novel 
markers of carotid atherosclerosis in patients with type 2 diabetes. 
Exp Clin Endocrinol Diabetes. 2010;118(2):75–80. 
28. Morrison A, Li J. PPAR-γ and AMPK--advantageous 
targets for myocardial ischemia/reperfusion therapy. Biochem 
Pharmacol. 2011;82(3):195–200. 



326

Cardiology

 Clujul Medical Vol. 89, No. 3, 2016: 322-326

29. Majno G, Joris I. Apoptosis, oncosis, and necrosis. An 
overview of cell death. Am J Pathol. 1995;146(1):3–15. 
30. Mazaherioun M, Hosseinzadeh-Attar MJ, Janani L, Vasheghani 
Farahani A, Rezvan N, Karbaschian Z, et al. Elevated serum 
visfatin levels in patients with acute myocardial infarction. Arch 
Iran Med. 2012;15(11):688–692. 
31. Hsu C-P, Yamamoto T, Oka S, Sadoshima J. The function of 
nicotinamide phosphoribosyltransferase in the heart. DNA Repair 
(Amst). 2014;23:64–68. 

32. Yu TH, Lu LF, Hung WC, Chiu Cheng-An, Liu Yi-Tien, 
Yang Chih-Ying, et al. Circulating visfatin level at admission is 
associated with occlusion of the infarct-related artery in patients 
with acute ST-segment elevation myocardial infarction. Acta 
Cardiologica Sinica. 2011;27:77–85.
33. Adya R, Tan BK, Punn A, Chen J, Randeva HS. Visfatin induces 
human endothelial VEGF and MMP-2/9 production via MAPK and 
PI3K/Akt signalling pathways: novel insights into visfatin-induced 
angiogenesis. Cardiovasc Res. 2008;78(2):356–365. 


