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Nicotinic acid (niacin) has been used for decades to
prevent and treat atherosclerosis. The well-documented
antiatherogenic activity is believed to result from its
antidyslipidemic effects, which are accompanied by un-
wanted effects, especially a flush. There has been
renewed interest in nicotinic acid owing to the need
for improved prevention of atherosclerosis in patients
already taking statins. In addition, the identification of a
nicotinic acid receptor expressed in adipocytes and im-
mune cells has helped to elucidate the mechanisms
underlying the antiatherosclerotic as well as the un-
wanted effects of this drug. Nicotinic acid exerts its
antiatherosclerotic effects at least in part independently
of its antidyslipidemic effects through mechanisms in-
volving its receptor on immune cells as well as through
direct and indirect effects on the vascular endothelium.
Here, we review recent data on the pharmacological
effects of nicotinic acid and discuss how they might
be harnessed to treat other inflammatory diseases such
as multiple sclerosis or psoriasis.

Nicotinic acid
Niacin, which refers to nicotinic acid and nicotinamide, is
required at doses of 15–20 mg/day as a vitamin. However,
when nicotinic acid, but not nicotinamide, is given in
supraphysiological doses, it exerts a variety of pharmaco-
logical effects. Shortly after the introduction of nicotinic
acid as a treatment of niacin deficiency (pellagra), it was
observed that nicotinic acid induces a flush [1]. Later,
Altschul et al. and Carlson showed that nicotinic acid also
affects plasma levels of cholesterol, free fatty acids and
triglycerides [2,3]. Thereafter, nicotinic acid has been
established as a broad spectrum lipid-modulating drug
which increases high-density lipoprotein (HDL) cholesterol
levels and decreases plasma levels of triglycerides, low-
density lipoprotein (LDL) cholesterol and lipoprotein(a)
[4]. These lipid-modifying effects are accompanied by anti-
atherosclerotic effects. In fact, nicotinic acid was the first
cholesterol-lowering drug shown to decrease cardiovascu-
lar events, cardiovascular mortality and all-cause mortali-
ty (The Coronary Drug Project [5,6]). The flush response
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has remained the major unwanted effect of nicotinic acid
therapy. Although harmless, it can affect patients’ adher-
ence to therapy [7,8].

With the optimization of statin-based LDL cholesterol-
lowering therapy during the past two decades and the
realization that even under maximally decreased LDL
cholesterol levels, a considerable cardiovascular risk
remains [9], the search for drugs with an additional benefit
to statins has been intensified. Nicotinic acid, which
strongly increases HDL cholesterol levels and has a
well-documented clinical efficacy, has attracted new inter-
est. The discovery of the nicotinic acid receptor GPR109A,
which has recently been renamed hydroxy-carboxylic acid
(HCA) receptor 2 (HCA2) [10] has led to new research
activities into the mechanisms through which nicotinic
acid exerts its pharmacological effects [7,11]. Recent stud-
ies have shown that the nicotinic acid receptor is expressed
in various cells including adipocytes, several types of im-
mune cells and keratinocytes. Evidence suggests that nic-
otinic acid has lipid-independent anti-inflammatory effects
[12,13]. In addition, the anti-inflammatory drug mono-
methyl fumarate has been shown to be a full agonist of
the nicotinic acid receptor [14]. These findings have initi-
ated research activities to improve antiatherogenic thera-
peutic approaches with fewer unwanted effects and to
explore the potential of the nicotinic acid receptor as a
therapeutic target in other diseases involving inflammato-
ry processes.

This review will summarize recent advances in the
understanding of the pharmacological effects of nicotinic
acid and will, in particular, focus on the pharmacological
potential of nicotinic acid beyond its lipid-modifying
activity.

Antidyslipidemic effects
Nicotinic acid has the remarkable ability to increase HDL
cholesterol levels while decreasing triglyceride, LDL cho-
lesterol and lipoprotein(a) levels, thereby improving the
total plasma lipid profile. Although the mechanisms un-
derlying the changes in plasma lipids in response to nico-
tinic acid have been studied for several decades, they have
remained incompletely understood [7,9,11]. One of the
well-studied activities of nicotinic acid is its antilipolytic
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effect mediated by the activation of the nicotinic acid
receptor HCA2 (GPR109A) on adipocytes and resulting
in a decreased release of free fatty acids from fat tissue
[3,15]. It has been suggested that the antilipolytic effect is
involved in themodulation of the triglyceride and very-low-
density lipoprotein (VLDL) metabolism by nicotinic acid.
In this model, the reduced free fatty acid flux from adipo-
cytes to the liver decreases VLDL-triglyceride production
and subsequently results in decreased LDL cholesterol
plasma levels [3,16] (Figure 1). There is also evidence that
nicotinic acid enhances the clearance of triglyceride-rich
lipoproteins such as VLDL [17]. Interestingly, the nicotinic
acid-induced decrease in free fatty acid supply to the liver
has recently been shown to suppress hepatic expression of
PPARg coactivator-1b (PGC-1b) and apolipoprotein C3
(APOC3), which is expected to reduce the production
and to increase the turnover of VLDL [18] (Figure 1). It
has also been shown in vitro that nicotinic acid can inhibit
diacylglycerol acyltransferase 2, an enzyme involved in
triglyceride synthesis [11]; however, it remains unclear
whether this mechanism is of relevance in vivo.

Compared with the mechanism mediating nicotinic
acid effects on triglyceride and VLDL/LDL, the processes
underlying the elevation of HDL cholesterol activity by
nicotinic acid are less clear. In humans, evidence has
demonstrated that nicotinic acid decreases the clearance
of HDL-apolipoprotein A1 (HDL-ApoAI) [19,20]. This is
consistent with the observation that very high concentra-
tions of nicotinic acid can reduce HDL uptake by a hepatic
cell line in vitro [11]. More recently, nicotinic acid has
been reported to upregulate ApoAI formation without
affecting HDL-ApoAI clearance [17]. It is also possible
that the decreased triglyceride content of ApoB-contain-
ing lipoproteins results in a decreased exchange of
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Figure 1. Potential mechanisms underlying the antidyslipidemic effects of nicotinic acid
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cholesterol ester transfer protein (CETP) or the decreased exchange of triglycerides from

sensitive lipase; ATGL, adipocyte triglyceride lipase. For details, see text.
triglycerides for cholesteryl esters from HDL particles
mediated by the cholesterol ester transfer protein (CETP)
which would result in an increased HDL cholesterol level
[9,21]. Consistent with this, the nicotinic acid-induced
increase in HDL cholesterol levels has been shown to
require the presence of CETP [22,23]. However, a partial
agonist of the nicotinic acid receptor, MK0354, reduced
plasma free fatty acid levels but did not induce an in-
crease in HDL cholesterol levels [24]. This may be due to
the lower efficacy of MK0354 compared with nicotinic
acid, or it may indicate that a reduced free fatty acid
supply to the liver is not a central mechanism involved in
the modulation of HDL cholesterol plasma levels by
nicotinic acid.

Although there is a strong inverse correlation between
the plasma levels of HDL cholesterol and the risk for
coronary heart disease [9,25], direct evidence for a benefi-
cial role of an increase in HDL cholesterol plasma levels is
still missing [26]. Recent experimental and clinical data
indicate that the composition of HDL particles indepen-
dent of its plasma concentration can affect the progression
of chronic vascular diseases and that, for instance, the
ability of HDL to promote cholesterol efflux from macro-
phages is a better predictor of atherosclerotic burden than
the HDL cholesterol plasma concentration [27–29]. A re-
cent study showed that HDL from nicotinic acid-treated
patients moderately increased cholesterol efflux from
macrophages, but nicotinic acid treatment did not improve
the anti-inflammatory properties of HDL when tested in
vitro [30]. HDL isolated from patients suffering from type 2
diabetes mellitus and treated with nicotinic acid showed
improved endothelial-protective properties compared with
HDL from untreated patients [31]. Future work has to
clarify whether nicotinic acid can affect the functional
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. Activation of the nicotinic acid receptor HCA2 on adipocytes via the heterotrimeric
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, nicotinic acid has also been shown to inhibit triglyceride synthesis by a direct
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properties of HDL particles and whether this contributes
to the pharmacological effects of nicotinic acid.

Lipid-independent beneficial effects
Beneficial effects of nicotinic acid have historically been
regarded as a result of its lipid-modifying activity. Howev-
er, recent evidence in various in vivo animal models
showed that nicotinic acid can also inhibit vascular inflam-
mation and progression of atherosclerosis independently of
changes in plasma lipids [12,13,32]. In these studies,
treatment of atherosclerosis-prone mice with nicotinic acid
reduced the progression of atherosclerosis in the absence of
significant changes in plasma lipids. Similarly, in rats,
nicotinic acid improved endothelial dysfunction and inhib-
ited vascular inflammation independently of lipid changes.
These antiatherosclerotic and anti-inflammatory effects
were accompanied by a reduced infiltration of the vessel
wall by immune cells such as macrophages and neutro-
phils, which both express the nicotinic acid receptor HCA2

(GPR109A) [12,13,32]. An involvement of HCA2 expressed
by immune cells is suggested by the fact that the anti-
atherosclerotic effect of nicotinic acid in LDL receptor-
deficient mice is absent in bone marrow chimeras which
have received bone marrow from HCA2-deficient mice, and
that the recruitment of wild-type macrophages (but not
HCA2-deficient macrophages) to atherosclerotic lesions is
inhibited by nicotinic acid [13].

In different in vivo animal models of acute and chronic
vascular inflammation, nicotinic acid has been shown to
reduce the expression of endothelial adhesion molecules
such as vascular cell adhesion molecule 1 (VCAM-1) or of
chemokines such asmonocyte chemotactic protein 1 (MCP-
1) [12,13], a phenomenon also observed in endothelial cells
in vitro [12,33,34]. It has been suggested that the inhibition
of VCAM-1 expression by nicotinic acid and the beneficial
effects of nicotinic acid on acute vascular inflammation
involve antioxidant effects of nicotinic acid due to its ability
to elevate glutathione (GSH) levels via increased formation
of nicotinamide adenine dinucleotide phosphate (NADPH)
[12,33]. However, the nicotinic acid doses required to in-
crease GSH levels and VCAM-1 expression in vitro (0.5–

1 mM) were considerably higher than the peak plasma
levels of nicotinic acid after oral administration
[12,33,34]. It is also possible that changes in the expression
of adhesionmolecules and chemokines by nicotinic acid are
mediated indirectly through activation of the nicotinic acid
receptor HCA2 on immune cells. This is suggested by the
observation that the nicotinic acid-induced decrease in
VCAM-1 and P-selectin mRNA levels in vessels of LDL
receptor-deficient mice was not observed in mice trans-
planted with HCA2-deficient bone marrow, and that inhi-
bition of MCP-1 expression by nicotinic acid could be seen
in wild-type peritoneal macrophages but not in macro-
phages from HCA2-deficient mice [13].

There is also evidence that nicotinic acid may have
antiatherosclerotic effects by direct activation of plaque
macrophages that express the nicotinic acid receptor HCA2

[13]. Nicotinic acid is able to increase the transcription and
activity of PPARg, the scavenger receptor CD36 and of the
cholesterol transporter ABCA1 in monocyte/macrophage
cell lines [35,36]. In addition, nicotinic acid has been shown
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to increase the expression of the ABCG1 transporter in
macrophages from wild-type mice but not from HCA2-
deficient animals [13]. Both, ABCA1 and ABCG1, mediate
the transport of cellular cholesterol to ApoAI-containing
HDL particles for the reverse cholesterol transport path-
way [37]. Consistent with this, isolated macrophages from
wild-type mice treated with nicotinic acid showed an en-
hanced efflux of cholesterol to HDL particles, an effect not
observed with macrophages from mice lacking HCA2 [13].
Thus, there is evidence that nicotinic acid, by acting
through its receptor on macrophages, can change the
differentiation state of macrophages both in vitro and in
vivo, and thereby enhance cholesterol transport out of
plaque macrophages. Future work will be required to
explore this effect in more detail.

Adipocytes have been shown to synthesize and secrete
various mediators, collectively called adipokines. Among
them are various proinflammatory mediators including
tumor necrosis factor (TNF)-a, interleukins and chemo-
kines, as well as anti-inflammatory mediators such as
adiponectin. Adipokines are not only involved in the regu-
lation of inflammatory processes in the adipose tissue but
can also affect the progression of vascular diseases and
atherosclerosis [38]. There is good evidence that nicotinic
acid, by acting through its receptor on adipocytes, regu-
lates the formation and release of adipokines. In humans
as well as in mice, treatment with nicotinic acid has been
shown to increase the plasma levels of the anti-inflamma-
tory adipokine adiponectin [39,40], whereas the expression
of proinflammatory chemokines such as MCP-1, fractalk-
ine or RANTES (Regulated upon Activation, Normal T cell
Expressed, and Secreted) in adipocytes is inhibited by
nicotinic acid [41]. Thus, it is possible that the regulation
of adipokine release from adipocytes by nicotinic acid
contributes to the beneficial effects of this drug.

The fact that nicotinic acid can reduce the progression of
atherosclerosis and vascular inflammation in various in
vivo animal models without changing plasma lipid levels
indicates that it has lipid-independent antiatherogenic
effects (Figure 2). Based on well-described effects of nico-
tinic acid in vascular and immune cells, as well as on
evidence indicating beneficial effects of nicotinic acid in
lipid-independent diseases (see below), it will be of great
interest to further explore these lipid-independent mecha-
nisms and effects in the future, and to test whether they
also occur in humans.

Unwanted effects
Flushing and gastrointestinal symptoms such as dyspep-
sia, diarrhea or nausea are the most common unwanted
effects of oral nicotinic acid therapy. Although these effects
are harmless, in particular the nicotinic acid-induced
flushing can affect patients’ compliance [8]. Flushing is a
cutaneous reaction that lasts for �1–2 h and is character-
ized by redness and warmth, as well as by tingling and
burning sensations [8]. Twenty years ago, there was al-
ready evidence that skin-derived prostanoids are respon-
sible for nicotinic acid-induced flushing [42]. Later, it was
shown that HCA2 mediates this phenomenon, and that
Langerhans cells express HCA2 and are required to elicit
a complete flushing response in mice [43–45]. Recently,
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Figure 2. Potential mechanisms underlying lipid-independent antiatherogenic effects of nicotinic acid. Evidence has been provided that nicotinic acid can reduce the

progression of atherosclerosis by direct lipid-independent effects on endothelial and immune cells. Shown is a simplified model of the recruitment of monocytes into

atherosclerotic lesions of the arterial wall and formation of foam cells. Nicotinic acid has been suggested to affect this process via different mechanisms. (i) Nicotinic acid

can reduce the expression of endothelial adhesion molecules involved in the binding and recruitment of immune cells. (ii) Via activation of HCA2 on monocytes/

macrophages, nicotinic acid inhibits the homing of cells to atherosclerotic lesions (e.g. through interaction with chemokine expression and/or signaling). (iii) Through

activation of HCA2 on macrophages, nicotinic acid increases the efflux of free cholesterol (FC) via cholesterol transporters onto HDL particles. For details, see text.
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keratinocytes were also shown to express HCA2 and to
contribute to the flushing reaction [46]. Activation of HCA2

on keratinocytes and Langerhans cells results in the for-
mation and release of prostaglandin D2 (PGD2) and pros-
taglandin E2 (PGE2), which diffuse to the dermal layer and
mediate the symptoms of flushing by activation of DP1 and
EP2/4 receptors [43,47] (Figure 3). Whereas Langerhans
cells use cyclooxygenase type 1 (COX-1) to produce PGE2

and in particular PGD2 [44–46], keratinocytes produce
PGE2 in a COX-2-dependent manner [46]. Interestingly,
the acute first phase of flushing is mediated by Langerhans
cells, whereas the continued and long-lasting vasodilation
involves mainly keratinocytes, suggesting that both epi-
dermal cell types respond with different kinetics to nico-
tinic acid during the flushing reaction [46] (Figure 3).

Other less frequent unwanted effects of nicotinic acid
include a tendency to increase plasma levels of uric acid
and to reduce glucose tolerance [48]. Both effects need to be
considered when treating patients with nicotinic acid but
are usually mild and occur preferentially in predisposed
patients [48,49]. Older sustained-release formulations of
nicotinic acid have been reported to occasionally increase
plasma transaminase levels, suggesting a hepatotoxic ef-
fect due to increased hepatic metabolism [50].

New therapeutic potential
The development of HMG-CoA reductase inhibitors
(statins) has dramatically improved the treatment of
hypercholesterolemia. However, despite a reduction in
cardiovascular risk achieved with statin therapy, a consid-
erable risk for atherothrombotic cardiovascular disease
remains. Nicotinic acid is one of the candidates currently
under evaluation as an add-on therapy to statins, especial-
ly in patients with remaining cardiovascular risk factors
[9,25]. First indications that nicotinic acid treatment in
patients taking statins has an additional benefit came from
the results of the HATS (HDL-Atherosclerosis Treatment
Study) trial [51]. Using mainly surrogate parameters for
the progression of atherosclerosis (e.g. noninvasive imag-
ing of changes in intima-media thickness), it has recently
been shown that nicotinic acid, if given in addition to
statins in patients with existing coronary heart disease
and low HDL cholesterol levels, has an additional ather-
oprotective effect and reduces major adverse cardiovascu-
lar events [52,53]. However, in patients with extremely low
LDL cholesterol levels (average 1.8 mmol/l) under statin
therapy with pre-existing cardiovascular disease, there is
no additional benefit to nicotinic acid after 32 months of
therapy, as recently demonstrated by the AIM-HIGH
study [54]. A more definite answer to the question whether
nicotinic acid therapy has additional benefits in statin-
treated patients is expected from a much larger multicen-
ter clinical outcome trial, the HPS2-THRIVE trial [55],
which is expected to be completed in 2013.

Because flushing is the major unwanted effect of nico-
tinic acid therapy, there is a need for approaches that
reduce flushing but do not affect the therapeutic effects
of this drug. The use of extended-release formulation of
nicotinic acid or taking nicotinic acid before bedtime and
with meals reduces flushing and increases patients’ com-
pliance [56]. Also, COX inhibitors can be given to reduce
flushing symptoms [57]. However, at the systemic concen-
trations required for this effect, COX inhibitors have mul-
tiple unwanted effects. A more specific inhibition of the
nicotinic acid-induced flushing can be achieved with the
PGD2 receptor (DP1) antagonist laropiprant [58], which in
combination with nicotinic acid is approved for antidyslipi-
demic therapy in Europe. Finally, it has been proposed that
the intracellular pathways activated via HCA2 are differ-
ent in adipose tissue and epidermal tissue in that the
nicotinic acid-induced flushing response is mediated by
b-arrestin1 and subsequent activation of extracellular sig-
nal-regulated kinase (ERK), whereas the supposedly ben-
eficial lipolytic effect is independent of this pathway [59].
703
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Figure 3. Mechanism mediating nicotinic acid-induced flushing. Nicotinic acid induces flushing by activation of HCA2 on epidermal Langerhans cells as well as

keratinocytes. Whereas activation of Langerhans cells and subsequent formation of prostaglandin D2 (PGD2) and prostaglandin E2 (PGE2) via cyclooxygenase-1 (COX-1) is

responsible for the acute early phases of flushing, the COX-2-dependent activation of PGE2 in keratinocytes underlies the late phases of flushing. Langerhans cell and

keratinocyte-derived prostanoids act through PGD2 (DP1) and PGE2 (EP2 and EP4) receptors to induce cutaneous vasodilation. AA, arachidonic acid; PLA2, phospholipase A2;

PGH2, prostaglandin H2.
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This would suggest that a biased HCA2 agonist, which
induces HCA2 downstream signaling preferentially
through a b-arrestin1-independent way, would still induce
the anti-lipolytic effect but not the full flush response. In
fact, MK-0354, a partial HCA2 receptor agonist, which was
shown to display strongly reduced flushing while retaining
full antilipolytic activity, appears to act through a HCA2-
dependent biased signaling mechanism [60]. Unfortunate-
ly,MK-0354, when tested in humans, did not increaseHDL
cholesterol levels (see above).

The fact that the nicotinic acid receptor HCA2 is
expressed in various immune cells including macrophages,
neutrophils, dendritic cells or epidermal Langerhans cells,
as well as in keratinocytes (Table 1) together with recent
evidence for lipid-independent beneficial effects raises the
question whether nicotinic acid or synthetic HCA2

(GPR109A) agonists can be used to treat other diseases.
Interestingly, monomethyl fumarate, the activemetabolite
of the antipsoriatic drug dimethyl fumarate (Box 1) has
been shown to be a selective full agonist of HCA2 [14].
Nicotinic acid and monomethyl fumarate have common
Table 1. Expression pattern of the nicotinic acid receptor HCA2 (G

Cell type Effect resulting from receptor a

Adipocyte Inhibition of lipolysis, increase

Neutrophil Apoptosis

Monocyte/macrophage Anti-inflammatory effects, incre

increased transcription and act

Langerhans cell Increased formation of prostan

Keratinocyte Increased formation of prostan

Intestinal epithelial cell –

Retinal pigment epithelial cell –
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side effects, such as flush and gastrointestinal effects. The
expression of HCA2 in epidermal Langerhans cells and
keratinocytes [44–46] strongly suggests that the receptor is
involved in the antipsoriatic activity of fumaric acid esters.
In animalmodels of neuroinflammation, both nicotinic acid
and fumaric acid esters have been shown to improve
neurological function, and this effect was accompanied
by a significant reduction in inflammatory infiltrates
[61,62]. After promising Phase II study results [63], fuma-
ric esters have recently been evaluated in Phase III trials
for multiple sclerosis with promising results regarding the
efficacy and safety of this novel treatment [64,65]. Inter-
estingly, nicotinic acid has recently been shown to have
neuroprotective and anti-inflammatory activities also after
acute ischemic stroke [66]. Beneficial effects of nicotinic
acid were also reported in animal models of arthritis,
chronic renal failure or sepsis [67–69]. Thus, agonists of
the nicotinic acid receptor HCA2 may have a broader
spectrum of beneficial activities than currently appre-
ciated; however, more work is required to explore this
potential.
PR109A)

ctivation Refs

d release of adiponectin [15,39,71–73]

[45,74]

ased expression of cholesterol transporter,

ivity of PPARg

[13,35,36,75]

oids (especially PGD2) [44–46]
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Box 1. Fumaric acid esters

Fumaric acid esters, in particular dimethyl fumarate (DMF), have been

used for decades in Germany to treat psoriasis [70]. After promising

clinical trials, a mixture of DMF and ethyl hydrogen fumarate was

approved for the treatment of moderate to severe psoriasis, and DMF

is also currently under investigation as a therapy for multiple sclerosis

[64]. Orally administered DMF is rapidly absorbed and hydrolyzed by

esterases to the active metabolite monomethyl fumarate (MMF),

which is then further hydrolyzed to the inactive fumaric acid (Figure I,

left). Interestingly, MMF has been shown to be an agonist of the

nicotinic acid receptor HCA2 [14]. Consistent with this, oral therapy

with fumaric acid esters causes unwanted effects similar to those

observed after nicotinic acid treatment such as cutaneous flushing

and gastrointestinal effects.

There is evidence that MMF is the most active metabolite of fumaric

acid esters, which correlates with its ability to activate HCA2, whereas

DMF is much less potent and fumarate is inactive ([14] Figure I, right).
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Figure I. Left panel: Structure of dimethyl-fumarate and its metabolites monomethyl-fumarate and fumaric acid as well as of nicotinic acid. Right panel: effect of

increasing concentrations of nicotinic acid, monomethyl-fumarate (MMF), dimethyl-fumarate (DMF) and fumarate on [Ca2+]i in CHO-K1 cells expressing HCA2

(GPR109A) together with a Ca2+-sensitive bioluminescent fusion protein and the promiscuous G-protein a-subunit Ga15. RLU, relative light units.
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Concluding remarks
Nicotinic acid was originally described by Altschul as an
antiatherosclerotic drug believed to lower total cholesterol
by increasing its oxidation. Later, the prevailing view was
that nicotinic acid acts through a complex change in the
plasma lipid profile involving a strong antilipolytic effect.
In particular, the HDL cholesterol-elevating effect has
been regarded as an important effect contributing to the
antiatherosclerotic properties. Recent findings now indi-
cate that nicotinic acid has other lipid-independent activi-
ties which are important for its clinical efficacy. Although
there is a clear inverse relationship between the HDL
cholesterol plasma concentration and the risk for coronary
artery disease, the HDL plasma concentration is basically
only a surrogate parameter and increases are not neces-
sarily beneficial. Several studies have shown that nicotinic
acid can have beneficial effects on acute and chronic vas-
cular disease independently of its effects on plasma lipids.
New strategies to reduce inflammation and to increase
reverse cholesterol transport by regulating immune cells
involved in the progression of atherosclerosis have been
proposed as innovative approaches to prevent and treat
atherosclerosis; it may well be that one of the oldest known
antiatherosclerotic drugs in fact exerts its beneficial
effects, at least in part, through mechanisms involving
direct anti-inflammatory effects on leukocytes. This is
certainly an area worth further research, as it may define
new ways to prevent and treat atherosclerosis.
The discovery that monomethyl fumarate is a full ago-
nist of the nicotinic acid receptor, its activity in treating
inflammatory diseases such as psoriasis or multiple scle-
rosis, as well as first reports on anti-inflammatory activi-
ties of nicotinic acid in diseases other than atherosclerosis
suggest that the nicotinic acid receptor is an interesting
target for the treatment of a variety of diseases involving
chronic inflammatory processes. Preclinical and clinical
studies are already underway or will soon be initiated
to explore the full potential of nicotinic acid receptor
agonists.
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