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Abstract Increasing evidence supports an important role
for inflammation in all phases of atherosclerosis, from initi-
ation of the fatty streak to final culmination in acute coro-
nary syndromes. Numerous inflammatory biomarkers
including cell adhesion molecules, cytokines, chemokines,
and acute-phase reactants such as fibrinogen, serum amyloid
A, and C-reactive protein (CRP) have been shown to predict
cardiovascular (CVD) events. Several prospective studies
have shown a consistent and robust relationship between
levels of high-sensitivity CRP and the risk of future CVD
events. Toll-like receptors are pattern recognition receptors
and members of the innate immune system that contribute to
inflammation and appear to play key roles in atherosclerosis.
Lipoprotein-associated phospholipase A2 may also be an
independent CVD risk factor. Psoriasis has been associated
with an increasing risk for atherosclerosis, including coronary
artery disease and stroke. Patients with psoriasis have a 5-year
shorter life expectancy, most frequently due to CVD. Psoriasis
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is associated with a chronic inflammatory state and with
elevated levels of CRP and other inflammatory cytokines
and these may play a causative role in the increased risk of
psoriatic patients for CVD. Patients with psoriasis may repre-
sent an emerging risk population and patients with moderate
to severe psoriasis should be screened and aggressively treated
for CVD risk factors.
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Introduction

Unique among inflammatory dermatosis, psoriasis has been
recently associated with coronary artery disease (CAD),
type 2 diabetes, and metabolic syndrome, together the lead-
ing cause of mortality in the western world. It is possible
that chronic state of systemic inflammation in psoriatic
disease is a predisposing factor for atherosclerosis and
CAD. In this article, we will discuss about risks of CAD
in psoriatic disease and possible mechanisms which likely
integrates the inflammatory cascades of both psoriasis and
atherosclerosis.

Inflammation and Atherosclerosis

Mounting evidence supports a pivotal role for inflammation
in all phases of atherosclerosis, from initiation of the fatty
streak to final culmination in acute coronary syndromes
[1-3]. The earliest event in atherogenesis appears to be endo-
thelial cell dysfunction precipitated by various noxious insults
including obesity, hypertension, metabolic syndrome,
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diabetes, smoking, and dyslipidemia. Endothelial cell dys-
function manifests primarily as deficiency of nitric oxide
(NO), and an increase in endothelin 1 (ET-1), angiotensin II
(Ang 1II), plasminogen activator inhibitor 1 (PAI-1), cellular
adhesion molecules, and cytokines/chemokines.

With onset of endothelial cell dysfunction, mononuclear
cells such as monocytes and T lymphocytes tether and roll
along the endothelium, initially loosely; thereafter, they
adhere firmly to the endothelium and transmigrate into the
sub-endothelial space. The rolling and tethering of leuko-
cytes on the endothelium is orchestrated by adhesion mole-
cules such as selectins (E-selectin, P-selectin), cell adhesion
molecules [intercellular adhesion molecule 1, vascular cell
adhesion molecule 1], and integrins. Chemotaxis and entry
of monocytes into the sub-endothelial space is promoted by
the chemotactic cytokines (chemokines), monocyte chemo-
attractant protein 1, interleukin 8 (IL-8), and fractalkine.
Thereafter, macrophage colony-stimulating factor (M-CSF)
promotes the differentiation of monocytes into macro-
phages. Macrophages incorporate lipids from retained low-
density lipoprotein cholesterol (LDL-C) that can undergo
oxidative or enzymatic modification (Ox-LDL or E-LDL)
and are taken up via the scavenger receptor (SR) pathway
[CD36, SR-A, CD68, lectin-like oxidized low-density lipo-
protein receptor 1 (LOX-1), SR-B1], becoming foam cells,
the hallmark of the early fatty streak lesion.

After the fatty streak lesion, smooth muscle cells under
the influence of Ang II and other growth factors such as
PDGF migrate into the intima, proliferate, and form the
fibrous cap. It is currently believed that lipid-laden macro-
phages, during the process of cytokine stimulation, CD40
ligation, necrosis, and apoptosis, release matrix metallopro-
teinases (MMPs), which cause a thinning of the endothelial
layer in concert with cathepsins such as S and K. Macro-
phages also release cytokines, reactive oxygen species, tis-
sue factor, and MMP. Because the lipid-laden macrophage is
enriched in tissue factor, this is released from the macro-
phage and activates factor VII, initiating the coagulation
cascade, resulting in thrombus formation and acute coronary
syndromes (unstable angina and myocardial infarction).

Exciting data is emerging with respect to macrophage
subtypes including the pro-inflammatory M1 phenotype
(IL-1, tumor necrosis factor (TNF), MCP-I) and the anti-
inflammatory M2 phenotype (IL-10, 1L-1RA, etc.). Macro-
phages also interact with T cells and other cells via activation
of the CD40—CD40 ligand pathway, which contributes to a
more atheromatous and less fibrous lesion that is prone to
plaque rupture. The T cells in the plaque also appear to display
heterogeneity. Subsets such as Thl are pro-inflammatory
while Treg and Th2 appear to attenuate the inflammatory
response [4]. T cells produce gamma-interferon that inhibits
collagen production by smooth muscle cells. Also, data sug-
gests that mast cells, natural killer cells, dendritic cells also

appear to contribute to atherosclerosis [5]. Various gene
knockouts and transgenic experiments have underscored the
importance of the various cytokines, chemokines, and adhe-
sion molecules in atherogenesis, emphasizing the pivotal role
of inflammation in atherosclerosis [1, 2].

Numerous inflammatory biomarkers have been shown in
various studies to predict cardiovascular events. These in-
clude cell adhesion molecules, cytokines, chemokines, and
acute-phase reactants such as fibrinogen, serum amyloid A
(SAA), and C-reactive protein (CRP). In this review, we
discuss the inflammatory marker CRP, since the largest
amount of published data supports a role for CRP as a robust
and independent risk marker for cardiovascular disease
(CVD) [6, 7]. In addition to being a risk marker, there is
much evidence suggesting that CRP may indeed be a culprit
in atherogenesis [8].

TLR, Inflammation, Diabetes, and CVD

Toll-like receptors (TLR) are pattern recognition receptors
and members of the innate immune system that contribute to
inflammation and act as central integrators of a wide variety
of signals responding to diverse agonists [9—11]. There are
11 members of the TLR family identified in humans of
which TLR2 and TLR4 play key roles in atherosclerosis.
Monocytes often function as control switches of the immune
system maintaining the balance between pro and anti-
inflammatory activities [12]. Monocytes express abundant
amounts of TLR2 and TLR4. TLRs mainly signal through
the adapter protein MyD88 via activation of NF-kB, result-
ing in the increased transcription of inflammatory genes
(IL-1p3, IL-6, IP-10, MCP-1, and tumor necrosis factor alpha
(TNF-«)). In addition, a MyD88-independent pathway in-
volving Trif-IRF3 is essential to TLR3 and TLR4 signaling
resulting in the production of type 1 interferon [12]. In two
recent studies [13, 14], we showed the functional activation
of both Myd88 dependent and independent pathways in
Monocytes of both TIDM and T2DM patients (Table 1).
TLR2 and TLR4 bind to components of gram positive
and gram negative bacteria, respectively [15]. Ligands for
TLR2 and TLR4 include the high-mobility group B1 protein
(HMGBI); heat shock protein-60 (HSP60); heat shock
protein-70; endotoxin; hyaluronan; advanced glycation end
products; and extracellular matrix components. HMGBI1 is
considered as a “late” pro-inflammatory mediator and
alarming for damaged cells. Both HMGB1 and HSP60 act
as endogenous ligands of TLR2 and induce the production
of proinflammatory cytokines [16, 17]. Low-molecular
weight degradation products of hyaluronan elicit pro-
inflammatory responses in murine alveolar macrophages in
rheumatoid arthritis models and other chronic inflammatory
conditions [18, 19]. Endotoxin is the most important ligand
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Table 1 Significance of TLR2 and TLR4 in type I diabetes mellitus
compared to controls

Parameters TLR2 TLR4
Cell surface expression 1 1
(Flow Cytometry)
mRNA expression i i
THbA, . Significant Significant

correlation (r=0.52)  correlation (»=0.38)

1Carboxymethyllysine Significant Significant

(CML) correlation (»=0.29)  correlation (r=0.35)

TNF-xB Significant Significant
correlation (r=0.48)  correlation (r=0.74)

TIL-1B Significant Significant
correlation (r=0.55)  correlation (r=0.54)

1TNF-a Significant Significant

correlation (»=0.50)  correlation (r=0.52)

TLR toll-like receptor, mRNA messenger ribonucleic acid, Hb hemo-
globin, NF-KB nuclear factor kappa B, IL interleukin, 7NF tumor
necrosis factor

required for TLR4 activation [20], and its levels are signif-
icantly increased in diabetics.

Studies in animal models implicate TLR2 and TLR4
in the pathogenesis of diabetes and atherosclerosis.
Mohammad et al. [21] showed increased TLR2 expres-
sion in NOD mice macrophages and this correlated with
increased NF-kB activation resulting in increased pro-
inflammatory cytokines. Song et al. [22] reported increased
TLR4 mRNA expression in differentiating adipose tissue of
db/db mice. TLR2 expression is upregulated in atherosclerotic
plaque macrophages and in endothelial cells of mice.
TLR2KO/LDL ™~ and TLR2KO/ApoE '~ mice are protected
from the development of atherosclerosis [23, 24]. Further-
more, MyD88 "~ mice (myeloid differentiation factor 88: a
key downstream TLR adapter protein) showed a reduc-
tion in plaque size, lipid content, and decreased expres-
sion of IL-13 and TNF-« [25, 26]. In atherosclerosis,
TLR2 and TLR4 mRNA and protein were shown to be
increased in the endothelium and in areas infiltrated
with inflammatory cells. Interestingly, TLR2 and TLR4
expression also co-localizes with nuclear NF-kB [27]. Re-
cent reports have also established a protective role of TLR2
deficiency in mice during I/R injury to maintain coronary
endothelial function or left ventricular function [28]. These
studies further confirm a role for TLRs in diabetes and ath-
erosclerosis, with atherosclerosis-prone mice deficient in
TLR2 or TLR4 showing reduced atherosclerosis development
when compared with those animals with functional receptors.

High TLR2 expression level on monocytes was suggested
to be an independent risk factor for atherogenesis [29].
Mizoguchi et al. [30] recently showed significant correlation
between angiographic vessel score/Gensini score (indicating
the extent and severity of coronary atherosclerosis) with
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CD14" monocytic TLR2 and TLR4 expression in 62 stable
angina patients, suggesting the TLR2/4 association with se-
verity of CAD. Monaco et al. [31] recently reported that TLR2
MyD88-mediated inflammation and matrix degradation plays
a significant role in human atherosclerosis.

The independent association between increased expres-
sion of TLR4 in monocytes and poor outcome after stroke in
humans is consistent with previous experimental data indi-
cating that TLR4-deficient mice had smaller infarctions and
less inflammatory response after an ischemic insult [32].
Studies have also been done to determine whether mutations
in the genes for TLRs and their signaling pathways have an
effect on CAD and acute coronary syndrome [33]. Patients
with acute myocardial infarction (MI) and unstable angina
had significantly higher expression of TLR4/CD14" monocytes
than stable angina or control patients [34, 35]. Given the pivotal
role of TLR2 and TLR4 in the pathogenesis of CVD, it is
important to examine the status of TLR2 and TLR4 in psoriasis.

C-Reactive Protein

CRP is the prototypic marker of inflammation in humans
and a member of a highly conserved family of proteins
called the pentraxins. CRP comprises five noncovalently
associated protomers arranged symmetrically around a cen-
tral pore and has a molecular weight of 118,000 Da [36, 37].
It is a nonglycosylated protein in humans, and its gene has
been mapped to chromosome 1.

To date, in phagocytes, CRP has been shown to bind Fc-
gamma receptors (FcgR) I and 11, and its function appears to
clear apoptotic and necrotic cells (opsonophagocytosis). It
has been proposed that distinct forms of CRP are made
during inflammation. Conformationally rearranged CRP,
which expresses many epitopes not seen in native CRP, is
referred to as modified or monomeric CRP (mCRP). mCRP
antigens have been reported to be detected in the wall of
normal human blood vessels [38]. However, the presence of
mCRP in serum and atheroma has not been reported

CRP is predominantly synthesized in the liver (hepato-
cytes) as an acute-phase reactant and is transcriptionally
driven by IL-6, with synergistic enhancement by IL-1. Some
recent data challenge the dogma that CRP is exclusively
produced by the liver, however, and suggest that it is also
produced in the atherosclerotic lesion (especially by smooth
muscle cells and macrophages), the kidney, neurons, and
alveolar macrophages [39—41]. mRNA and protein for CRP
is expressed in arterial plaque tissue, and both CRP mRNA
and protein levels are tenfold higher in plaque compared
with the normal artery [39]. We have also shown that human
aortic endothelial cells (HAECs) synthesize and secrete
CRP [42]. The most potent agonist for CRP production from
HAEC:s is the combination of IL-1 and IL-6. Thus, synthesis
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and secretion of CRP by cells in the atherosclerotic lesion by
paracrine/autocrine loops could result in local concentra-
tions of CRP far in excess of plasma concentrations and
could contribute to proinflammatory, proatherogenic effects.
Ouchi et al. have demonstrated CRP mRNA in human
adipose tissue [43]. Our group has reported recently that
adiponectin, an adipocytokine, significantly decreases CRP
RNA and protein levels, whereas leptin has been shown to
enhance CRP synthesis in endothelial cells incubated with
IL-1 and IL-6 [44, 45].

Several prospective studies have shown a consistent and
robust association between levels of high-sensitivity CRP
(hsCRP) and the risk of future cardiovascular events and
have indicated a 1.5-2-fold higher relative risk (95% confi-
dence interval, 1.6-2.5) for major coronary events between
the upper and lower tertiles of hsCRP independent of clin-
ical risk assessment or lipid profiles [46]. CRP adds to
traditional risk factors for prediction of major coronary
events, and is additive to the Framingham Risk Score. From
the available data, the Centers for Disease Control and Pre-
vention and the American Heart Association Scientific State-
ment on Markers of Inflammation and Cardiovascular Disease
has recommended that hsCRP may be measured at the physi-
cian’s discretion in asymptomatic people with an intermediate
risk of CAD (class Ila recommendation) to optimize the global
assessment of CVD risk. Patients can be categorized using
CRP-based risk categories of low (<1 mg/L), average (2—
3 mg/L), and high (>3 mg/L) on the basis of the average of
two measurements taken optimally at least 2 weeks apart [47].

Several reports indicate a pro-atherogenic and prothrom-
botic role for CRP [7, 8]. CRP promotes endothelial dysfunc-
tion in vivo and in vitro by uncoupling and decreasing eNOS,
increasing prostacyclin, increasing PAI-1 and ET-1, IL-8 re-
lease, and increasing monocyte-endothelial cell adhesion and
transmigration. In monocyte macrophages, CRP increases
tissue factor release, increases release of reactive oxygen
species, promotes oxidized LDL-C uptake and matrix metal-
loproteinases and increases AT 1 receptors and smooth muscle
cell proliferation. CRP appears to exert these effects via bind-
ing to FC gamma receptors 1 and 2 [48]; however, these
studies need to be confirmed and the relevance of these find-
ings to human CAD needs to be elucidated. In summary, CRP
appears to contribute to atherogenesis [7, 8]. CRP is a risk
marker for cardiovascular disease and may be used in primary
prevention. Recently, the Justification for the Use of Statins in
Primary Prevention: An Intervention Trial Evaluating Rosu-
vastatin (JUPITER), a landmark primary prevention trial, was
published [49, 50]. The major objective of JUPITER was to
investigate whether treatment with rosuvastatin, 20 mg daily,
compared to placebo, would decrease the rate of first major
cardiovascular events in healthy subjects with normal LDL-C
but elevated CRP levels (Table 2). JUPITER was a random-
ized, double-blind, placebo-controlled, multicenter trial

Table 2 Hazard ratios for incident of cardiovascular events according to
magnitude of reduction in high-sensitivity C-reactive protein (hsCRP) in
Rosuvastatin treated group

Parameters Placebo  Rosuvastatin Rosuvastatin p value
(hsCRP>2mg/L) (hsCRP<2mg/L)
Events/ 189/7,832 72/4,305 31/3,411 —
patients
Eventrate  1.11 0.77 0.42 -
HR 1 0.68 0.36 <0.0001

(95% CI)*

HR hazard ratio, CI confidence interval

#Fully adjusted for age, baseline LDL cholesterol, baseline hsCRP,
baseline HDL cholesterol, blood pressure, sex, body mass index,
smoking status, and parental history of premature coronary heart
disease

conducted at 1,315 sites in 26 countries. Men, 50 years of
age or older and women, 60 years of age or older, were eligible
for the trial if they did not have a history of CVD and if; at the
initial screening visit, they had an LDL-C level of <130 mg/dL
(3.4 mmol/L) and a high-sensitivity CRP level of >2.0 mg/L.
Eligible subjects were randomly assigned in a 1:1 ratio to
receive either rosuvastatin, 20 mg daily, or matching placebo.
The primary outcome was the occurrence of a first major CVD
event, defined as nonfatal MI, nonfatal stroke, hospitalization
for unstable angina, an arterial revascularization procedure, or
confirmed death from CVD causes.

Treatment with rosuvastatin significantly reduced the pri-
mary composite end point at 44% compared to placebo. There
was also a significant 20% reduction in total mortality. For
participants who had elevated levels of high-sensitivity CRP
but who were nonsmokers, were not overweight (had a body
mass index <25 kg/m?), did not have the metabolic syndrome,
had a calculated Framingham risk score of 10% or less, or had
an LDL-C level of 100 mg/dL (2.6 mmol/L) or lower, the
observed relative reductions in the hazard ratio associated
with rosuvastatin for the primary end point were similar to
those in higher-risk groups. Most interestingly, among
patients with no other major CVD risk factor other than
increased age, rosuvastatin therapy resulted in a significant
37% reduction in CVD events. Whereas rosuvastatin reduced
LDL-C by 50%, the reduction in CVD events in JUPITER
was almost twice that predicted based on LDL-C reduction on
the basis of previous statin trials. It is important to point out
that CRP levels were significantly reduced by 37% to a
median value of 2.2 mg/L.

This study provides further support in human subjects
that CRP appears to be an active participant in atherothrom-
bosis and that specifically targeting CRP in the future may
prove beneficial. The Adult Treatment Panel III guidelines
will need to consider these important results by deciding
whether to recommend CRP testing to intermediate-risk
patients so that we can better identify candidates at greater
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risk. Increased CRP levels integrate a myriad of metabolic
abnormalities, including increased adiposity, diabetes,
smoking, end-stage renal disease, hypertension, and meta-
bolic syndrome. If high-sensitivity CRP is recommended as
a screening test, it is important that the test be performed on
two occasions at least a week apart, with the patient being in
a steady state. If levels exceed 10 mg/L, then one should
search for a nidus of inflammation and then repeat the test
once the inflammatory episode has resolved.

Lipoprotein-Associated Phospholipase A,

Lipoprotein-associated phospholipase A, (Lp-PLA,), also
known as platelet-activating factor acetylhydrolase (PAF-
AH), was initially identified as the enzyme responsible for
hydrolyzing and inactivating the proinflammatory phospho-
lipid PAF [51]. Lp-PLA, in plasma is predominantly bound to
LDL-C (80%), primarily to highly atherogenic small, dense
LDL-C particles, with the remaining amount bound to HDL-C
and VLDL-C. It preferentially cleaves oxidized phospholipids
by hydrolyzing the sn-2 fatty acid. On oxidized LDL-C, this
action results in the generation of lysophosphatidylcholine
(lyso-PC) and oxidized free fatty acids, both of which are
proatherogenic. Lyso-PC, for example, upregulates CAM ex-
pression and enhances chemo-attraction for monocytes.
Lp-PLA, is expressed in macrophage-rich regions of early to
advanced atherosclerotic lesions. Macrophages and T cells
appear to be the primary sources of Lp-PLA, in these lesions,
inasmuch as only low levels of expression are seen in smooth
muscle cells [52].

Several studies have shown that Lp-PLA, is generally
associated with LDL-C and apolipoprotein B but not with
hsCRP or other markers. After adjusting for other risk
factors, these studies provide some evidence that Lp-PLA,
may be an independent CAD risk factor. Lp-PLA, enzyme
activity in blood was determined in 3,148 patients who were
hospitalized for coronary angiography [53]. Of these, 2,524
patients had angiographically confirmed CAD and the remain-
ing 694 subjects served as controls. Lp-PLA, activity showed
the strongest correlations with LDL-C (r=0.517, p<0.001)
and apolipoprotein B (#r=0.644, p<0.001), and weaker but
significant correlations with other lipid parameters, white
blood cells, and SAA (all p<0.001). When adjustments were
made for age, gender, BMI, smoking, LDL-C, diabetes, hy-
pertension, hsCRP, SAA, fibrinogen, and use of aspirin, beta-
blockers, and digitalis, the highest Lp-PLA, quartile still had
1.85 times higher CAD risk (95% CI, 1.23-2.78; p=0.003)
than did the lowest quartile. Thus, Lp-PL.A, was independently
associated with CAD risk in patients not taking lipid-lowering
drugs in this study.

Lp-PLA, was measured using an enzyme-linked immu-
nosorbent assay in a case—control analysis of the West of
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Scotland Coronary Prevention Study [54]. A total of 580
men with a coronary event during follow-up were each
matched for age and smoking status with two control sub-
jects who had not had a coronary event. Lp-PLA, levels
were weakly correlated with LDL-C (»=0.21, p<0.001) and
fibrinogen (#=0.086, p<0.01) in this cohort. Lp-PLA, levels
were significantly associated with increased risk of the com-
posite end point of nonfatal MI, cardiac death, or first revas-
cularization, with each 0.52 mg/L increasing risk by 20%
(»<0.001). This risk estimate was unaffected by adjustment
for CRP, white cell count, or fibrinogen (p=0.002) or for age,
systolic blood pressure, LDL-C, or HDL-C (p=0.005). When
grouped according to quintiles of Lp-PLA,, patients in the
highest quintile had a 1.8-fold higher CVD risk than did those
in the lowest quintile after adjustment for the other factors.

In the ARIC study, in 608 patients with a CAD event
(nonfatal MI, CAD death, or revascularization) and 740
controls [55], Lp-PLA, correlated with LDL-C (»=0.36,
p<0.0001) and inversely with HDL-C (»=—0.33, p<0.0001)
but not with hsCRP, BMI, or blood pressure. After adjusting
for age, sex, and race, patients in the highest tertile of
Lp-PLA, had a 1.8-fold greater risk of CAD (95% CI, 1.33—
2.38) than did those in the lowest tertile. When the analysis
focused solely on individuals with LDL-C <130 mg/dL, both
Lp-PLA, and hsCRP independently predicted CAD risk. The
highest tertile of Lp-PLA, was associated with a 2.08-fold
higher risk (95% CI, 1.20-3.62), whereas hsCRP levels
>3 mg/L were associated with a 1.76-fold higher risk (95%
CI, 1.02-3.03). Notably, the increased risk associated with
these markers was seen only in patients who had both high
Lp-PLA, and high hsCRP. This study suggests that Lp-PLA,
and hs-CRP may be complementary markers for identifying
patients with low LDL-C who are at high CAD risk.

The results of these studies provide a conflicting view of
the role of Lp-PLA, as a risk factor for CAD. Lp-PLA,
independently predicts CAD risk, with patients at the high-
est levels having approximately twice the risk as those at the
lowest levels. The predictive power of Lp-PLA, appears
strongest in patients who are not taking lipid-lowering drugs
and in patients with low LDL-C levels. Even when Lp-PLA,
predicts CAD risk, it appears, however, to be unable to
discriminate between stable and unstable disease. It should
be noted that different Lp-PLA, assays were used in these
studies and enzyme levels or activity were measured and
thus, its measurement needs to be standardized [56].

In addition to its association with CAD, Lp-PLA, activity
has been shown to be an independent predictor of ischemic
stroke in the general population in a prospective population-
based study [57]. Subjects in the highest quartile had an
almost doubled risk of a future ischemic stroke compared
with those in the lowest quartile. Because total cholesterol
is not associated with risk of stroke, the association be-
tween Lp-PLA, activity and stroke suggests that Lp-PLA,,
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although carried by LDL-C, may convey a different risk
[57].

Izaki et al. [58] examined PAF, as well as PAF-AH or
Lp-PLA2 activity in plasma of patients with psoriasis.
In a normal healthy group (n=12) PAF level was 25.9+
6.5 pg/0.1 ml plasma [mean=+standard error of the mean
(SEM)], and this was elevated in patients with psoriasis
(68.1+11.8, n=25, p<0.01), without a change in the PAF-
AH level. PAF in psoriasis significantly decreased after treat-
ment (70.9+£17.1 to 25.1£5.5, p<0.05) and this was moder-
ately correlated (r=0.298) with clinical improvement as
indicated by the psoriasis area and severity index (38.5+7.5 to
10.9+4.2, p<0.01). The results obtained suggest a role of PAF
in psoriasis. As the priming effects of PAF have been shown, for
leucocytes and endothelial cells, to enhance their inflammatory
response, we assume that PAF has roles in the acute phase of
psoriatic inflammation. However, larger prospective studies
need to be conducted to elucidate the role of Lp-PLA2 in
psoriatic inflammation and its contribution to CVD.

Psoriasis, Inflammation, and Heart Disease

Psoriasis is an inflammatory skin disease affecting 2-3% of
the general population and mainly characterized by kerati-
nocyte hyperplasia leading to erythematous oval plaques
with adherent silvery scales. The precise etiology of psori-
asis remains poorly understood, and appears to result from a
complex interplay between genetics, environment, skin bar-
rier disruption, and immune dysfunction. A common comor-
bidity associated with psoriasis is psoriatric arthritis (PsA)
[59]. This is an inflammatory arthritic condition that is
characterized by pain, swelling, and tenderness of the joints
surrounding ligaments and tendons. Between 25% and 34%
of patients with psoriasis have PsA [59]. PsA can present
with a wide range of symptoms from mild to severe and can
have a waxing and waning course that may result in debil-
itating polyarticular arthritis with joint destruction [60].
Psoriasis has been associated with an increased risk of
atherosclerosis, including CAD and stroke, for decades
[61-63]. Patients with psoriasis have a 5-year shorter life
expectancy, most frequently due to CVD causes [64]. The
prevalence of CVD risk factors, including type 2 diabetes
mellitus, dyslipidemia, smoking, obesity, and metabolic syn-
drome is substantially higher in patients with psoriasis than in
the general population [65-68]. Furthermore, the prevalence
of these risk factors appears to increase from mild to severe
psoriasis (Table 3) [65, 66]. In the National Health and Nutri-
tion Examination Survey, 2003-2006, the prevalence of the
metabolic syndrome was 40% among patients with psoriasis
and 23% among controls (Table 4) [69]. Patients with severe
psoriasis have an increased risk of CVD mortality that is
independent of traditional CVD risk factors [70]. CVD and

their risk factors are also more common in other inflammatory
arthritides, including ankylosing spondylitis and rheumatoid
arthritis [71].

Studies suggest that psoriasis is associated with a chronic
inflammatory state [72, 73]. Patients with PsA have a higher
prevalence of subclinical atherosclerosis as determined by
carotid artery intima-media thickness, a marker of macro-
vascular atherosclerotic disease [74, 75]. Patients with PsA
also have a significantly increased prevalence and severity
of coronary artery calcifications [76]. Activated inflamma-
tory cells and pro-inflammatory cytokines contribute to the
development of psoriatic lesions and play an important role
in the rupture of atherosclerotic plaques [77]. The extrava-
sation of T cells through the epithelium occurs in both
psoriatic and atherosclerotic plaques.

Risk factors for CVD were compared for 102 consecutive
PsA patients and 82 controls, adjusting for BMI [78]. They
also assessed the role of inflammation on CVD risk by using
a BMI and hsCRP-adjusted model. PsA patients had higher
CVD risk even after adjustment for BMI; however, further
adjustment for hsCRP levels rendered the risk nonsignifi-
cant. Thus, it appears that CRP may play a pathophysiolog-
ical role in inflammation and CVD in this population;
however, further studies need to be done in this area. Meth-
otrexate therapy in patients with psoriasis will prove instruc-
tive because the drug lowers CRP in these patients who
appear to be at increased risk for CVD events.

Izaki et al. [58] examined PAF, as well as PAF acetylhy-
drolase (PAF-AH) or Lp-PLA2 activity in plasma of patients
with psoriasis. In a normal healthy group (n=12), PAF level
was 25.9+6.5 pg/0.1 ml plasma [mean+SEM], and this was
elevated in patients with psoriasis (68.1+11.8, n=25, p<0.01)
without a change in the PAF-AH level. PAF in psoriasis sig-
nificantly decreased after treatment (70.9+17.1 to 25.1£5.5,
p<0.05) and this was moderately correlated (#=0.298) with
clinical improvement as indicated by the psoriatic area and

Table 3 Prevalence odds ratios of individual cardiovascular risk fac-
tors in mild and severe psoriasis patients

Variable Mild psoriasis model Severe psoriasis model
(95% CI)* (95% CI)®*
Diabetes 1.13 (1.08-1.18) 1.62 (1.3-2.01)
Lipids 1.16 (1.12-1.21) 1.04 (0.84-1.28)NS
Hypertension 1.03 (1.01-1.06) 1.00 (0.87-1.14)N8
Smoking 1.31 (1.29-1.34) 1.31 (1.17-1.47)
BMI (25-30) 1.12 (1.1-1.14) 1.27 (1.14-1.42)
BMI (>30) 1.27 (1.24-1.31) 1.79 (1.55-2.05)

BMI body mass index, CI confidence interval, NS not statistically
significant

 Adjusted for age, sex, person-years, diabetes, hypertension, hyperlip-
idemia, smoking, and BMI
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Table 4 Prevalence of different metabolic abnormalities in presence of psoriasis in the National Health and Nutrition Examination Survey (NHANES)

Variable No psoriasis (95% CI)

Psoriasis (95% CI) ODDs ratio (OD) (95% CI)*

Hypertryglyceridemia
Low HDL cholesterol
High blood pressure

27.2 (24.9-29.6)
23.9 (21.3-26.4)
22.2 (20.4-24)
47.9 (45.3-50.5)
28.5 (25-32)

Abdominal obesity
High fasting glucose (modified)

44 (33.8-54.2)
33.9 (23.7-44.1)
28.4 (14.8-41.9)
62.9 (51.3-74.5)
30.5 (16.9-44.1)

2.08 (1.39-3.11)
1.63 (0.98-2.71)
1.33 (0.63-2.79)
1.72 (1.03-2.86)
1.06 (0.56-1.99)

CI confidence interval, HDL high-density lipoprotein, OR odds ratio
#0dds ratios are adjusted for age, sex, and race/ethnicity

severity index (38.5£7.5 to 10.9+4.2, p<0.01). The results
obtained suggest a role of PAF in psoriasis. As the priming
effects of PAF have been shown for leucocytes and endothelial
cells to enhance their inflammatory response, we assume that
PAF has roles in the acute phase of psoriatic inflammation.
However, larger prospective studies need to be conducted to
elucidate the role of Lp-PLA2 in psoriatic inflammation and its
contribution to ASCVD.

Recognizing the increased prevalence of CVD disease, the
National Psoriasis Foundation has recommended screening

Blood capillary

for CVD risk factors as early as age 20 in patients with
psoriasis who do not have known CVD risk factors [79].
The National Psoriasis Foundation has also issued a consensus
statement that alerts providers that patients with psoriasis may
represent an emerging high-risk CVD population and thus
patients with moderate to severe psoriasis should be screened
for CVD risk factors [80]. This consensus statement further
recommends that appropriate lifestyle and pharmacologic
therapies be prescribed for patients with psoriasis who are at
increased risk for CVD. If dermatologists or rheumatologists

TNF-a, MCP-1
Free fatty acids
(Pro-inflammatory)
Chemokines

Systemic insulin resistance

Adipose tissue mass

I

<4 Adiponectin
™ NEFA

T Leptin

T RBP4

™ Resistin
TVisfatin
TNTNF-a
™ PAI-1
™/ T IL-6

Fig. 1 Adipose tissue associated inflammatory cytokines and its effect
on systemic insulin resistance, monocyte activation and inflammation
of blood vessels. MCP-1, monocyte chemoattractant protein-1; TNF«x-,
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tumor necrosis factor-; PAI-1, plasminogen activator inhibitor-1; ATM,
adipose tissue mass; NEFA, nonesterified fatty acids; RBP4, retinol-
binding protein- 4; IL-6, interleukin-6
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cannot assume this responsibility, these patients should be
referred to other providers who can.

Obesity, Adipocytokines, and Insulin Resistance
in Psoriatic Disease

Activated white adipose tissue increases the synthesis of pro-
inflammatory cytokines, such as interleukins and TNF-«,
IL-18; synthesis of regulatory cytokines, such as IL-10, is
decreased [81, 82]. IL-6 stimulates the hepatic production of
CRP. A positive correlation has been found between CRP levels
and abdominal obesity [83]. Furthermore, pro-inflammatory
cytokines stimulate adipocytes to synthesize neuropeptides, such
as substance P and nerve growth factor that have been shown to
be critical in the pathogenesis of psoriatic disease [84]. Thus, the
influence of obesity on psoriatic disease seems to stem from a
complex interaction of inflammatory and metabolic factors.
Insulin resistance is strongly influenced by several proinflam-
matory signals. Both insulin resistance and the presence of a
proinflammatory status may account for the development of
endothelial dysfunction, an early step in the atherogenesis pro-
cess observed in patients with psoriasis. Metabolic syndrome
and obesity are known risk factors for psoriasis [69].
Adipocytokines have been linked to obesity, insulin resis-
tance, inflammation, and CAD (Fig. 1). Adipocytokines are

Table 5 Sources and functions of key adipokines

cytokines associated with adipose tissue including TNF-c; the
most widely studied are leptin, adiponectin, resistin, and visfa-
tin. In Table 5, the source and functions of individual adipo-
cytokines are listed. Leptin plays a key role, not only in the
regulation of appetite and body weight, but also in the modu-
lation of immune responses. Circulating leptin concentrations
are increased in obesity; these increased levels are associated
with the development of inflammation, insulin resistance, and
subclinical coronary atherosclerosis. Leptin also interacts with
insulin in several ways that may act to either facilitate or inhibit
atherosclerosis. Elevations in resistin and visfatin are also
associated with increased inflammation, insulin resistance
and cardiovascular risk. In contrast, adiponectin is antiinflam-
matory and increased concentrations of adiponectin are in-
versely associated with obesity, insulin resistance and
cardiovascular risk. Pro-inflammatory adipokines appear to
contribute to the “low-grade inflammatory state” of obese
subjects, setting up a cluster of metabolic aberrations including
cardiovascular complications and autoimmune inflammatory
diseases. Some adipokines such as leptin have neuroendocrine
functions. Leptin receptors are expressed on monocytes/
macrophages, T cells and natural killer cells. In isolated mono-
cytes/macrophages, leptin induces the production of TNF-
« and IL-6. Leptin-deficient mice are less prone than
nonleptin-deficient mice to develop inflammatory diseases
[85, 86].

Different Source (s) Receptor (s) Function (s)
adipokines
Leptin Adipocytes Leptin receptor Control of appetite through central nervous system
Lipocalin 2 Macrophages, adipocytes Unknown Influences insulin resistance and inflammation through
TNF secretion from adipocytes
RBP4 Liver, adipocytes, macrophages  Retinol, transthyretin Role in systemic insulin resistance
Adiponectin  Adipocytes Adiponectin receptor 1 and 2,  Insulin sensitizer, anti-inflammatory
Tcadherin, calreticulin-CD91
Resistin Human: blood mononuclear cells Unknown Influences insulin resistance and inflammation through
Rodent: adipocytes IL-6 and TNF secretion from macrophages
TNF Adipocytes, stromal vascular TNF receptors Inflammation, antagonism of insulin signaling
fraction cells
ANGPTL2  Adipocytes, other cells Unknown Local and vascular inflammation
IL-18 Stromal vascular fraction cells IL-18 receptor, IL-18 Inflammation
binding proteins
IL-6 Adipocytes, stromal vascular IL-6 receptor Different functions depending upon source and target tissue
fraction cells, Liver, Muscle
CXCL 5 Stromal vascular fraction cells CXCR2 Antagonism of insulin signaling through JAKSTAT pathway
(macrophages)
CCL2 Adipocytes, stromal vascular CCR2 Recruitment of monocytes
fraction cells
NAMPT Adipocytes, macrophages, Unknown Chemotactic to monocytes
other cells
SFRP5 Adipocytes WNT5a Suppression of proinflammatory signaling through WNT

ANGPTL? angiopoietin like protein 2, CCL2 CC-chemokine ligand 2, CXCL5 CXC-chemokine ligand 5, NAMPT nicotinamide phosphoribosyl-
transferase, RBP4 retinol-binding protein 4, SFRP5 secreted frizzled-related protein 5, STAT signal transducer and activator of transcription, JAK
Janus kinase, TNF tumor necrosis factor, /L interleukin
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In light of these novel actions of adipocytokines on
inflammation and the metabolic Syndrome, extensive re-
search work is currently going on to elucidate the role of
adipocytokines in inflammatory diseases. Several studies
have reported that expressions of genes which regulate both
skin and lipid metabolism are altered in psoriatic skin and
have provided evidence for altered fatty acid metabolism
[87] and accumulation of ox-LDL in the skin of patients
with psoriasis [88]. Further, early reports suggest that leptin
and resistin may be involved in the pathogenesis of psoriasis
in overweight individuals, possibly by augmenting the cy-
tokine expression by the inflammatory infiltrate [89, 90].
Leptin is known to play a major role in CVD and recent
observations suggest that leptin is an independent risk factor
for CAD [91]. Other adipocytokines, including resistin,
gherelin, adiponectin, and cachectin, may also contribute
to the pathogenesis of atherosclerotic CVD [91, 92]. In
diabetics and the associated metabolic syndrome, these adi-
pocytokines have been related to risk factors for atheroscle-
rosis, correlate well with inflammatory markers, and are
predictive of the development of CVD [91, 92]. Thus,
adipocytokines in psoriatic disease may be one of the com-
mon pathways for the pathogenesis of psoriatic disease and
atherosclerosis.
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