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Preface

Among the non-communicable diseases, cardiovascular disorders are the leading
cause of morbidity and mortality in both the developed and the developing countries.
The spectrum of risk factors is wide and their understanding is imperative to prevent
the first and recurrent episodes of myocardial infarction, stroke or peripheral vascular
disease which may prove fatal or disabling.

There is ample evidence from longitudinal studies to prove that cardiovascular
diseases are preventable. Individuals with low levels of risk factors generally have a
healthy lifestyle. Genetic factors have to be kept in mind when risk stratification is
done for cardiovascular diseases. Despite our knowledge of risk factors, huge
differences exist in the prevalence between populations within the same region,
between men and women and in the racial and ethnic subgroups. Much of this
variability is explained on the basis of behavioral and cultural differences rather than
genetic or clinical reason. Moreover, risk factors are frequently redefined as newer
research throws light on interventions and their results.

This book has tried to present an update on risk factors incorporating new research
which has thrown more light on the existing knowledge. It has also tried to highlight
regional diversity addressing such issues. It will hopefully be resourceful to the
cardiologists, general practitioners, family physicians, researchers, graduate students
committed to cardiovascular risk prevention.

Dr. Mehnaz Atiq

Division of Cardiac Services
Aga Khan University Hospital
Karachi, Pakistan






Lipoprotein (a) and Cardiovascular Risk

José Antonio Diaz Peromingo

Short Stay Medical Unit, Department of Internal Medicine,
Hospital Clinico Universitario, Santiago de Compostela,
Spain

1. Introduction

First epidemiological studies of Lp(a) and CHD were reported at the end of the last century
(1-3) but the investigation of this lipoprotein as a potential cardiovascular risk factor has
been hampered by the lack of consistent approaches to its measurement for decades. Lp(a)
laboratory standardization emerged in 2000 (4) and was accepted by the World Health
Organization in 2004 (5). Another challenge associated to its measurement is the fact that
population differences can also contribute to variation in Lp(a) serum concentration (6).
Since Lp(a) characterization, evidences favoring its association with cardiovascular risk have
been reported. At the same time, studies against this association have also been published
leading to some confusion regarding to the possible role of Lp(a) in cardiovascular disease.
The last years have clarified somewhat this issue and evidences of Lp(a) as an independent
cardiovascular risk factor have been proposed (7-13). Several key points such as its
homology with plasminogen, differences among the apo(a) isoforms, genetic considerations
as well as special circumstances such as the relationship of Lp(a) and atrial fibrillation,
dialysis, alcohol consumption and blood coagulation have been investigated. In this chapter,
Lp(a) metabolism, epidemiological and genetic considerations, association with coronary
heart disease and stroke, special situations as well as controversies and current treatment
options are related.

2. Lipoprotein (a) metabolism

Lipoprotein (a), Lp (a), is a low density lipoprotein (LDL)-like particle synthesized in the
liver by hepatocytes and then secreted into plasma. It was first described by Berg in 1963
(14). It consists of an apolipoprotein B100 (apoB100) molecule that is linked covalently by a
disulfide bond to a large glycoprotein known as apolipoprotein (a), [apo(a)] (15). Lp(a)
metabolic route is shown in figure 1. Its molecular weight ranges from 200 kDa to more than
800 kDa (16). The apo(a) gene (LPA) is a major determinant of the plasma concentration of
Lp(a), including variations in the kringle region-coding repeats, with accounts for the size
polymorphism of apo(a) leading to different apo(a) sizes (17). This fact is very important
because small size isofoms seem to be associated to worse cardiovascular profile. Apo(a)
chain contains 5 cysteine-rich domains known as kringles, and especially Kringle IV (KIV) is
very similar to plasminogen (18,19). This particle is not only located in the plasma but also
has been shown to enter the arterial intima of humans and has an increased affinity by the
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extracellular matrix (20). This issue confers a greater opportunity to Lp(a) oxidation (21) and
interaction of Lp(a) with macrophages (22,23). Recently, it has been suggested that Lp(a)
could be a preferential carrier of oxidized phospholipids in human plasma (24). These
oxidized Lp(a) have a greater atherosclerotic effect as compared to native Lp(a) and this
action may be increased by hyperglucemia (25). Different Lp(a) subtypes have been
proposed regarding to apo(a) isoforms and these apo(a) isoforms predict the risk for CHD
independently of the ethnic group (26). These isoforms are classified in order to their
different size (16). Table 1 shows classification of these isoforms and its relation with KIV

repeats.
Apo(a)
LIVER -
B100

LDL

N Oxidation /‘

Lp(a) oxidated

Macrophage

Fig. 1. Metabolic route of Lp(a).

3. Epidemiological aspects

Plasma levels of Lp(a) show great diversity regarding to different ethnical groups but a
plasmatic concentration greater than 30 mg/dl is currently considered an independent
cardiovascular risk factor (27). In this sense, African-Americans have higher Lp(a)
concentrations than Caucasians. These levels may also be very different even in individuals
carrying apo(a) of the same size polymorphism. It has been suggested the possibility of the
presence of additional factors affecting this ethnical differences or the existence of high risk-
Lp(a) or low risk-Lp(a) (28,29). By the other hand, not all ethnic groups show the same
relation with Lp(a). In American-Indians, Lp(a) level has been reported to be low and non
independently associated with cardiovascular disease (30).
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Repeats (No.) | Molecular weight (kDa)
5-12 <400

13-20 400-500

20-25 500-650

>25 >700

Table 1. Relation between KIV: repeats and apo(a) isoforms size

Respecting to apo(a) isofoms, it has been suggested a most important pathogenic role of Lp(a)
particles with smaller apo(a) isoforms (18,31). This is probably due to several factors. First, an
increased capacity to bind oxidized phospholipids, second, the ability to localize in blood
vessel walls, and eventually related to its thrombogenic effect by increasing inhibition of
plasmin activity. Apo(a) size heterogeneity is related to a copy number variation in the protein
domain kringle IV type 2 (KIV2) (32) (Table 1). This copy number variation (5-50 identically
repeated copies) confers heterogeneity in the molecular mass of apo(a) ranging between 200
and 800 kDa. Ethnical differences in the frequency distribution of apo(a) KIV repeated alleles
have been reported (33,34). In all ethnic groups, Caucasians, Asians and African-Americans,
higher levels of circulating Lp(a) concentrations tend to be associated with smaller apo(a)
isoforms (35,36). This finding could explain partially the association of higher Lp(a) levels and
cardiovascular disease. People with smaller apo(a) isoforms have an approximately 2-fold
higher risk of coronary artery disease and ischemic stroke than those with larger apo(a)
isoforms. Furthermore, isoforms with less KIV repetitions (isoforms F, B, S1 and S2) have the
greater analogy with plasminogen being associated with higher coronary risk (37,38).

4. Genetic considerations

Apo(a) gen (692.6-q2.7) (39,40) have different kringle domains that show a high degree of
homology to the kringle domains IV and V of plasminogen (41).

Genetic variants associated with Lp(a) level have been associated with coronary disease (42).
More specifically, the apo(a) gen is the major determinant of variation in some populations
like African-Americans modulating the plasmatic concentration of Lp(a) (43). It has been
reported that apo(a) gene accounts for greater than 90% of the variation of plasmatic Lp(a)
concentrations (28). Apo(a) gen polymorphisoms as well certain gene cluster associated to
LPA have been shown to modulate Lp(a) concentrations leading to an increase in the risk for
coronary artery disease (44). The genetic basis for apo(a) isoform variation is a segment
existing in multiple repeats (KIV; polymorphism) located in the LPA gene (41). Variations in
nucleotide polymorphisms in LPA may be an important contributor to the observed Lp(a)
between-population variance and increase Lp(a) level in some populations (45-47). Once
again, ethnical differences have been reported in people of European continental ancestry
where apo(a) isoform polymorphism contributes between 40% and 70% of the variation of
Lp(a) concentration showing fewer number of KIV; repeats (41,46), (Table 1).
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5. Evidences favoring association with cardiovascular disease

Coronary heart disease: Circulating Lp(a) concentration is associated with risk of
coronary heart disease (CHD) independently from other conventional risk factors
including total cholesterol concentration. Lp(a) excess has been independently
associated to myocardial infarction and unstable angina (48), restenosis after coronary
angioplasty (49), and coronary bypass grafting (50) respectively. Prospective
epidemiological studies have reported positive association of baseline Lp(a)
concentration with CHD risk . Based on this epidemiological data, a relative risk or 1.5
has been reported involving those patients with mean Lp(a) values of 50 mg/dL,
especially in patients with premature coronary disease (51). Continuous associations of
Lp(a) with the risk of coronary artery disease have been reported and this association is
similar regarding to coronary death and non-fatal myocardial infarction (52-54). This
association is not significantly affected by sex, non-HDL or HDL cholesterol,
triglycerides, blood pressure, diabetes, of body mass index. These results are consistent
mainly in Caucasians but studies in non-Caucasians are needed to corroborate also this
issue in other populations (33). The association of Lp(a) concentrations with CHD is
only slightly reduced after adjustment for long-term average levels of lipids and other
established risk factors. This situation increases the likelihood that Lp(a) is an
independent risk factor for CHD (53). The strength of Lp(a) as coronary risk factor is
relatively modest as compared with non-HDL cholesterol. This is somewhat different
when the level of Lp(a) is very high leading to a proportionally most important role for
Lp(a) as CHD risk factor (52). Trying to associate fibrinolysis and myocardial ischemic
disease, it has been suggested that Lp(a) may inhibit fibrinolysis of coronary artery
thrombus (55). This is because higher levels of Lp(a) have been reported in survivors of
myocardial infarction in whom recanalization of infarct artery failed as compared with
patients with a patent artery (56). Other prospective studies have not shown
relationship between high levels of Lp(a) or apo(a) isoforms and cardiovascular risk (57-
59) contributing to some degree of controversy.

Stroke: Serum Lp(a) concentration is also associated independently with risk of
ischemic stroke (60,61). Current data in relation to Lp(a) concentration and stroke are
sparse but seem to be similar than those for CHD. Serum Lp(a) level was demonstrated
to predict stroke in elderly people in a large longitudinal (62) and in a case-control
study (63). It has been shown that high levels of Lp(a) are associated with ischemic
stroke in patients with atrial fibrillation especially when left atrial thrombus is present
(64). Unhealthy dietary fat intake and a high serum Lp(a) level have been shown to
predict fatal and nonfatal stroke of transient ischemic attack independently of
established risk factors in a study of a community-based sample of middle-age men
(65). Lp(a) has also been detected in intraparenchymal cerebral vessels suggesting a
potential imflammatory role in acute stroke for Lp(a) (66). Other studies have not found
statistical relationship between higher level of Lp(a) and thrombotic stroke (67).

6. Special situations

There are some common medical conditions that may be influenced by the level of Lp(a).
Conversely, serum Lp(a) levels can be modified by the existence of some medical disorders.
These medical conditions are summarized as follows:
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- Lp(a) and dialysis: It is well known than atherosclerosis is more prevalent among
patients with end-stage renal disease (68). Hemodialysis procedure “per se” has been
shown to modify serum levels of Lp(a) increasing them after hemodialysis procedure
(69). It has been proposed that inflammation, a very important condition in
hemodialysis patients, could play an important role in this Lp(a) increase (70-72). Basal
serum levels of Lp(a) are increased in dialysis patients and the level is elevated in
almost 70% of patients (73). Even more, in patients with continuous ambulatory
peritoneal dialysis, Lp(a) level is significantly higher as compared with patients on
hemodialysis (74) pointing to a possible modulating effect of Lp(a) concentration by the
different dialysis procedures. Particularly, high serum Lp(a) levels and the low
molecular weight apo(a) phenotype have been associated with adverse clinical
outcomes in dialysis patients (75).

- Lp(a) and atrial fibrillation: Higher serum Lp(a) level in ischemic stroke patients
associated with atrial fibrillation and left atrial thrombus formation or in acute
myocardial infarction has been reported (76,77). Lp(a) elevation and reduced left atrial
appendage flow velocities have been shown to be independently risk factors for
thromboembolism in chronic nonvalvular atrial fibrillation (55). Probably, the
association of Lp(a) is stronger in the presence of atrial thrombus instead of atrial
fibrillation itself, because of the plasminogen inhibitory action of Lp(a) (64). In this
sense, other studies have not found association between higher levels of Lp(a) and non-
valvular atrial fibrillation (78).

- Lp(a) and blood coagulation: the genetic homology in the cDNA sequence of human
apo(a) with plasminogen, the zymogen for the major fibrinolytic serine protease
plasmin (79), has been related with the cardiovascular pathogenicity of Lp(a) (80). There
is a major difference in the kringle structure between plasminogen and Lp(a) that is a
single aminoacid exchange (R560S) that prevents apo(a) from enzymatic cleaveage such
as the action of tissue-type plasminogen activator (t-PA) or urokinase plasminogen
activator (u-PA). This molecular mimicry between plasminogen and Lp(a) contribute to
the role of Lp(a) in atherogenesis binding Lp(a) to the tissue factor pathway inhibitor
(TFPI), docking to diverse lipoprotein receptors (especially those affecting LDL or very
low density lipoprotein (VLDL) and by the entrapment of Lp(a) into matricellular
proteins (81). This situation leads to a retention of Lp(a) and recruitment of monocytes,
upregulating the expression of the plasminogen activator inhibitor 2 in these monocytes
(82). It has also been reported that Lp(a) modulates endothelial cell surface fibrinolysis
contributing to the increase in atherosclerotic risk (83).

- Lp(a) and alcohol intake: Many epidemiological and clinical studies have shown that
light-to-moderate alcohol consumption is associated with reduced risk of CHD and
total mortality in the middle-age and elderly of both genders (84,85). Lipid levels are
modified by alcohol in different forms but it is not completely clear the way they are. In
alcohol abuse patients, levels of Lp(a) have been reported to decrease and this has been
related to the time of abstinence (86). In other study an increased level among table
wine drinkers has been described (87). A special situation is the association of alcohol
intake, Lp(a) level and vascular disease. In this sense, high serum Lp(a) concentration
and heavy drinking were found independently associated with larger infrarenal aortic
diameters (88) and abdominal aortic aneurysms (89), probably due to the capability of
Lp(a) to inhibit elastolysis in the vessels wall (90).
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7. Treatment

Treatment possibilities are scarce at present when the aim is to reduce Lp(a) plasma
concentration. Only niacin, in a dose dependent fashion, and certain inhibitors of cholesteryl
ester transfer protein have shown limited effect ranging between 20%-40% lowering from
baseline levels (91,92). Other drugs such as acetylsalicylic acid and L-carnitine can decrease
mildly elevated Lp(a) concentrations (91,93,94). Contradictory findings have been reported
with statins (95-98). Promising molecules like mipomersen, an antisense oligonucleotide
directed to human apoBig have been shown to reduce Lp(a) concentrations by 70% in
transgenic mice (99). Similar molecules such as eprotirone, tibolone and proprotein
convertase subtilisin/kexin type 9 (PCSK-9) inhibitors can also decrease Lp(a)
concentrations being currently under development (91,100-102). Nevertheless, the most
dramatic change in Lp(a) concentrations can be achieved with regular lipid apheresis
(103,104). Table 2 shows the efficacy of different treatment options in reducing Lp(a)
plasmatic level.

Treatment Change in Lp(a)
concentration (%)

Diet and exercise 0

Resins 0

Fibrates 5-10

Statins 5

Nicotinic acid 35

Neomicine 25

Estrogen substitutive 15-40

therapy

Apheresis 40-60

Table 2. Effect of different pharmacological therapies on Lp(a) serum concentration.

8. Controversies

The risk associated to Lp(a) concentration is only about one-quarter of that seen with LDL
cholesterol so any clinical implication of this moderate association currently appeared
limited. The role of specific Lp(a) subtypes could help to clarify the vascular risk.
Particularly, smaller apo(a) isoforms could act associated with other factors such as small-
dense LDL and oxidized LDL particles in the vessel wall increasing inflammation and
accelerating atherosclerotic disease. This fact needs for more investigation.

Studies reporting association of apo(a) isoforms size variations with the risk of vascular
disease have reported divergent relative risks, involve wide confidence intervals and the
number of individuals included has been small. If smaller apo(a) isoforms are relevant to
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vascular disease independent from Lp(a) concentration is not completely clear at present.
Moreover, many studies have used different cut-offs to define smaller apo(a) size.

The effect of the change in Lp(a) level and its relation with inflammation as well as its
influence on endothelial function are unknown at present.

It has been suggested that Lp(a) is associated with CHD only at very high concentrations but
this affirmation remains somewhat controversial making very important to identify possible
ethnical differences as well as an adequate cut-off level we can rely on.

9. Conclusions

Lp(a) results from the association of apo(a) and LDL particles. Since first studies linking
Lp(a) and cardiovascular disease, an important amount of clinical and laboratory evidences
have supported the fact that Lp(a) is and independent cardiovascular risk factor, especially
in younger people with premature cardiovascular disease.

Many ethnical differences and variations in apo(a) size have been reported. Moreover, small
apo(a) size isoforms have been related with an increased cardiovascular risk. Its relation
with the number of KIV repeats determines genetically variation in apo(a) size. Several
studies including methanalysis have related higher levels of Lp(a) with CHD and stroke.

It seems also that Lp(a) is elevated in patients under dialysis, and possibly in those with
atrial fibrillation increasing the cardiovascular risk of these patients, normally already high.

An interesting link between laboratory and clinical effects of Lp(a) is its action modulating
the fibrinolytic system because of the great homology between Lp(a) and plasminogen.

The association between higher levels of Lp(a) and alcohol intake remains more
controversial at present.

Current treatment options are not very useful except for niacin and plasma apheresis but
both therapies are not easy to use because of toxicity, tolerability and availability.

Finally, large prospective studies are needed focusing on Lp(a)-associated small apo(a)
isoforms and cardiovascular disease, and also in order to ensure treatment approaches.
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1. Introduction

Plasma LDL-C level is the most well established risk factor for coronary heart disease (CHD)
(1). Accordingly, the numerous studies have shown that the LDL-C lowering drugs, statins
significantly reduced plasma LDL-C together with approximately 30% reduction in
cardiovascular events (2). Therefore, it has been generally believed that the cardiovascular
events are directly associated with the elevated LDL-C or its modified oxidized LDL (3). In
this manuscript, we have reviewed the patho-physiological role of LDL-C and remnant
lipoproteins at cardiovascular events in Japanese sudden cardiac death (SCD) cases (Table
1), especially in SCD cases with nearly normal coronary arteries (coronary atherosclerosis
grade (-) and (), namely Pokkuri Death Syndrome (PDS). As the formation and
physiological role of LDL in liver and plasma has been well established, those of remnant
lipoproteins (RLP) have also been established recently as a risk for CHD (4-6). As shown in
Figure 1, TG-rich lipoprotein (TRL) remnants are formed in the circulation when apoB-48
containing chylomicrons (CM) of intestinal origin or apoB-100 containing VLDL of hepatic
origin are converted by lipoprotein lipase (and to a lesser extent by hepatic lipase) into
smaller and denser particles of LDL. Compared with their nascent precursors, TRL
remnants are depleted of triglycerides, phospholipids, apoA-I and apoA-IV in the case of
CM and are enriched in cholesteryl esters, apoCs and apoE (6). They can thus be identified,
separated, or quantified in plasma on the basis of their density, charge, size, specific lipid
components, apolipoprotein composition and apolipoprotein immunospecificity. This
should mean that we have now two identified cardiovascular risk factors, LDL and RLP
(CM remnants and VLDL remnants) (Figure 1), in SCD and PDS cases and attempted to
understand the differences in their contributions to CHD.

Recent evidences have suggested that elevated plasma levels of remnant lipoprotein -
cholesterol (RLP-C) and reduced lipoprotein lipase (LPL) activity relate to the promotion of
coronary artery events associated with spasm (7-9), which has been often observed as a
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major risk of sudden cardiac death (10). Likewise, we previously reported a significant
association between sudden cardiac death and plasma levels of RLP-C and RLP-triglyceride
(RLP-TG), especially in cases of Pokkuri death (11). Pokkuri death in Japanese refers the
cases who “die suddenly and unexpectedly”, and had not taken any medications prior to
death. PDS has been categorized as one type of SCD syndrome, but not having coronary
atherosclerosis and without cardiac hyperplasia. Most of such cases have been observed in
Asian young males, and as yet, no report of PDS is seen in Caucasians.

Control (n=76) SCD (n=165)
mean+SD mean+SD
Non-athero Athero P value Non-athero  Athero P value
(n=49) (n=27) (n=48) (n=117)
Age in years 42.7+16.5 51.3+145 <0.01 37.5%13.1 54.5£10.5 <0.0001
Male/Female 41/8 24/3 NS 43/5 90/27 NS
Heart weight (g) 35886 387+80 NS 356182 414491  <0.001

Body weight (kg)  61.7+11.7 62.919.5 NS 6524119  63.9+£12.7 NS
Body height (cm) 165£8.2 164+9.1 NS 168+9.6 164+8.5 NS

BMI 2648 235833 NS 229#35  238%37 NS
POStmor:g“ period  g759 86£35 NS 89433 82434 NS

SCD cases without atherosclerosis (Non-athero; n=48) are categorized as PDS in this manuscript.

Table 1. Demography data of sudden cardiac death and control death cases with and
without coronary artery atherosclerosis

Both SCD with coronary atherosclerosis and PDS without coronary atherosclerosis showed
abnormally high plasma RLP-C and RLP-TG level, namely postprandial remnant
hyperlipoproteinemia in postmortem plasma (11-14) (Table 2). RLP isolated from
postmortem plasma by an immunoaffinity gel separation method (15) showed atherogenic
and inflammatory effects (16, 17) similar to the RLP isolated from plasma of living subjects
(6). In particular, Shimokawa and colleagues (18) reported that RLP isolated from plasma of
SCD cases induced strong spasm in in-vivo setting by up-regulating the Rho-kinase
pathway in healthy porcine coronary arteries, which might mimic the etiological
phenomenon of PDS. But LDL (or Ox-LDL) did not enhance the formation of coronary
vascular lesions in regions where coronary spasm could be induced in the same
experimental model (19).

Further, Takeichi et al. (11-13) suggested RLP as one of the major risk factors in SCD and
PDS. Although LDL-C levels were also elevated in parallel with the majority of SCD cases
who have severe coronary atherosclerosis, the role of LDL-C in fatal clinical events was not
fully understood in these cases. Therefore, the relationship between plasma levels of RLP-C,
RLP-TG, LDL-C and the incidence of cardiovascular events has been studied in SCD cases
with and without coronary atherosclerosis as well as in control death cases (Table2). In
particular, we were interested in PDS cases among SCD cases as a disease model of coronary
artery events which were neither associated with the severity of coronary artery
atherosclerosis nor plaque ruptures (20).
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Fig. 1. Metabolic map of lipoproteins. After fat intake, the intestine secretes chylomicrons
(CM), the triglycerides of which are lipolyzed by lipoprotein lipase (LPL). The LPL reaction
constitutes the initial process in the formation of triglyceride-rich lipoprotein (TRL)
remnants (CM remnants and VLDL remnants) . The VLDL secretion process is partly
regulated by the rate of FFA influx to the liver. VLDL triglycerides are lipolyzed by
endothelial-bound lipoprotein lipase and VLDL remnant particles are formed. The final TRL
remnant composition is modulated by the cholesterol ester transfer protein (CETP) reaction
with HDL, hepatic lipase (HL), and the exchange of soluble apolipoproteins such as C-I, C-
II, C-1I and E. The great majority of the remnants are removed from plasma by receptor-
mediated processes and the principal receptors are the LDL receptor and the LDL-receptor-
related protein (LRP) in liver. It is probable that the CM remnants use both of these routes,
whereas the VLDL remnants are more likely to use only the LDL receptor.

Control (n =76) SCD(n = 165)

median 25-75% tile median 25-75% tile P valuea
Total cholesterol 177 134-209 211 175-243 < 0.0001
(mg/dl)
Triglyceride 116 81-157 148 100-230 <0.001
(mg/dl)
VLDL-C (mg/dl) 203 6.0-35.6 27.0 161-476  <0.001
LDL-C (mg/dl) 92 67-132 134 99-167 <0.0001
HDL-C (mg/dl) 4 31-60 4 33-53 NS
RLP-C (mg/dl) 9.1 54-13.8 16.4 100269  <0.001
RLP-TG (mg/dl) 49 33-78 81 51-132 <0.001

Table 2(a). Plasma lipid and lipoprotein levels in total cases of sudden cardiac death (SCD)
and control death.



18 Recent Advances in Cardiovascular Risk Factors

Control (n = 49) Pokkuri (n = 48)

median 25-75% tile median 25-75% tile P valuea
Total cholesterol 165 121-205 182 149-221 <0.01
(mg/dl)
Triglyceride

114 75-129 120 96-216 <0.005

(mg/dl)
VLDL-C (mg/dl) 20.3 5.1-35.2 27.0 16.2-43.7 NS
LDL-C (mg/dl) 89 67-130 118 83-140 <0.001
HDL-C (mg/dl) 39 30-59 41 34-56 NS
RLP-C (mg/dl) 7.1 5.1-10.1 14.3 9.5-26.4 <0.001
RLP-TG (mg/dl) 48 33-67 78 50-117 <0.001

Table 2(b). Plasma lipid and lipoprotein levels in cases of Pokkuri death and control death
(without coronary artery atherosclerosis).

Control (n = 27) SCD(n =117)
median 25-75% tile median 25-75% tile P valuea
(ng/l ;B"le“er"l 203 171216 219 185248 <0.05
Triglyceride (mg/dl) 120 82-188 154 106-232 <0.05
VLDL-C (mg/dl) 21.5 7.0-39.0 26.9 15.8-49.4 NS
LDL-C (mg/dl) 95 69-136 148 103-179 <0.01
HDL-C (mg/dl) 45 34-63 41 33-51 NS
RLP-C (mg/dl) 12.5 10.1-18.5 17.2 11.4-46.8 <0.05
RLP-TG (mg/dl) 55 38-84 83 51-142 <0.05

Table 2(c). Plasma lipid and lipoprotein levels in cases of sudden cardiac death (SCD) and
control death( with coronary artery atherosclerosis).

We have established the cut-off values and the likelihood ratios of total cholesterol (TC), TG,
RLP-C, RLP-TG and LDL-C in plasma of SCD and control death cases with and without
coronary atherosclerosis after adjusting for the postmortem conditions (Table 3) (21). The
cut-off values and likelihood ratios of these major plasma lipids and lipoproteins were
calculated by using an ROC analysis model for predicting the risk of fatal clinical events
with and without coronary atherosclerosis. In approximately two-third of sudden cardiac
death cases, we found postprandial remnant hyperlipoproteinemia, especially rich in very
low density lipoprotein (VLDL) remnants (14) and significantly elevated LDL-C. Both
lipoproteins were significantly elevated in SCD, but LDL-C in PDS cases was within the
normal range, together with significantly elevated remnant lipoproteins in fatal clinical
events. Therefore, we found that PDS cases were a good disease model to distinguish the
role of LDL and RLP as cardiovascular risk factors.



Remnant Lipoproteins are a Stronger Risk Factor for Cardiovascular

Events than LDL-C — From the Studies of Autopsies in Sudden Cardiac Death Cases 19
Cut-off Sensitivity Specificity o PPV . NeI\;;E:i/VE s .
(mg/dl) %) (%) Positive predictive predictive Likelihood ratio
value
value
(1) Total
(SCD : Control)
RLP-C 12.8 67.9 68.2 84.4 45.7 212
RLP-TG 53.3 72.9 60.8 82.5 46.9 1.86
LDL-C 92.5 79.4 52.7 81.0 50.2 1.68
Total Cholesterol 181 69.3 49.3 77.6 38.7 1.37
Triglycerides 117 66.3 49.3 76.8 36.6 1.31
(2) Non-athero
(Pokkuri: Control)
RLP-C 10.1 70.2 77.5 75.4 72.7 3.13
RLP-TG 67 66.7 75.6 72.8 62.9 2.73
LDL-C 106 58.3 61.7 59.9 60.2 1.52
Total Cholesterol 165 63.8 51.1 56.1 59.0 1.30
Triglycerides 113 53.3 50.0 511 522 1.07
(3) Athero
(SCD : Control)
RLP-C 13.4 65.3 69.2 90.2 31.5 212
RLP-TG 79.4 52.5 724 89.2 26.0 1.90
LDL-C 102 79.7 57.1 89.0 394 1.86
Total Cholesterol 217 55.2 78.6 91.8 28.8 2.58
Triglycerides 131 64.9 64.3 88.7 29.7 1.82

Number of cases are as follows: (1) total SCD; SCD (n=165) and Control (n=76) : (2) Non-athero; Pokkuri
(Non-athero SCD) (n=48) and Non-athero control (n=49): (3) Athero; Athero SCD (n=117) and Athero-
control (n=27).

Table 3. Cut-off value of RLP-C and RLP-TG from ROC analysis in predicting sudden
cardiac death

2. Role of plasma LDL and remnant lipoproteins at coronary atherosclerosis
and cardiovascular events

Based on our autopsy studies, more than two thirds of SCD cases were found to be
associated with postprandial remnant hyperlipoproteinemia [11-15]. If severe spasm of the
coronary artery is to be a crucial event prior to cardiac death in PDS, we may say that the
vasospasm is not very likely to occur in coronary arteries with severe coronary artery
atherosclerotic lesions due to reduced elasticity and increased stiffness or hardness of the
vascular wall. Caucasians experience more severe coronary atherosclerosis than Japanese or
other Southeastern Asians. Accordingly, this might be one explanation why PDS is
uncommon among Caucasians. In view of this background, PDS could be an interesting
disease case to study coronary heart disease (CHD), which is independent of severity of
coronary atherosclerosis and plaque ruptures in spite of remnant hyperlipoproteinemia.
Significantly younger age of PDS cases compared to the other SCD cases may be one of the
reasons why PDS cases were not associated with severe coronary atherosclerosis. The
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prevalence of severe coronary atherosclerosis is known to be strongly associated with age
(Tablel). We found that plasma lipid (TC, TG) and lipoprotein (LDL-C, RLP-C, and RLP-TG)
levels were significantly elevated in these sudden cardiac death cases as compared with
those in control death cases when coronary atherosclerosis was pathologically graded above
(1+), reflecting the clinical feature of severe coronary atherosclerosis (11-13). Most of the
coronary arteries in PDS cases were pathologically graded as (-) and (+), indicating no
coronary atherosclerosis [11]. Plasma LDL-C in SCD cases was shown to be correlated with
the severity of coronary artery atherosclerosis [13]. This is in line with the perception (albeit
by implication) that LDL-C plays a major role in the progression of coronary atherosclerosis
in CHD patients. We found that the incidence of elevated plasma LDL-C was significantly
greater in SCD cases with coronary atherosclerosis compared with than in controls and PDS
cases. However, plasma LDL-C levels were all within normal range in PDS cases (22).
Hence, LDL-C did not seem to play a significant role at cardiovascular events in PDS,
despite being elevated within normal range , rather the data strongly indicated an
association between plasma LDL-C and the progression of coronary atherosclerosis in SCD
cases.

Elevated plasma remnant lipoproteins (RLP) levels were the most striking observation in
PDS (RLP-C likelihood ratio; 3.13, RLP-TG; 2.73, LDL-C; 1.52, TC; 1.30, TG; 1.07) for
predicting sudden cardiac death (Table 3). Despite the high plasma concentration of RLPs in
PDS cases, the progression of atherosclerosis at coronary arteries was not observed. It might
be valid to say that increased plasma RLPs may initiate the vascular endothelial damage and
this is followed by an influx of large amounts of LDL into the vascular wall. Then it follows
to form an advanced atherosclerotic lesion with macrophages and smooth muscle cells as
Nakajima et al reviewed previously (6, 23). PDS cases may be in the early stage of
atherosclerosis, which can lead cardiovascular events under certain conditions such as with
severe stress without strong morphological changes. Therefore, the authors proposed that
the occurrence of cardiovascular events at coronary arteries and the severity of
atherosclerotic lesions in CHD should be considered as separate factors. Therefore, the
intervention should be targeted to suppress the cardiovascular events more aggressively
than to slow down the progression of atherosclerosis. Takeichi and Fujita did not observe
frequent plaque ruptures in coronary arteries at autopsy in Japanese SCD cases [24].

The literature on atherosclerosis has long been dominated by data in Caucasian patients
who in most cases had severe atherosclerosis at the time of fatal clinical events. Hence, fatal
clinical events have been believed to occur in relation to the severity of atherosclerosis in
coronary arteries. In contrast, fatal clinical events of PDS cases had occurred in the absence
of coronary atherosclerosis or plaque rupture. Plasma LDL-C levels were also within normal
range associated with no coronary atherosclerosis in PDS cases. This again puts more weight
on RLP as the causative factor of cardiovascular events. Interestingly, we found that RLP-TG
(TG concentration in remnant lipoproteins) was not an indicator for predicting the presence
or progression of coronary atherosclerosis even in SCD [22]; however, it was significantly
associated with fatal clinical events in SCD including PDS (Table 2). The bioactive
components co-localized with triglycerides in RLP such as oxidized phospholipids or their
metabolites [25] may enhance the formation of coronary vascular lesions and may induce
severe spasm in coronary arteries. These results also suggested that triglycerides in RLP
were not associated with the progression of atherosclerotic plaques, but cholesterol in RLP
was strongly associated with the severity of atherosclerosis [13, 22]. Therefore RLP-TG could
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be an appropriate diagnostic marker for predicting cardiovascular events but not the
severity of coronary atherosclerosis, whereas RLP-C could be a marker for predicting both
cardiovascular events and the severity of coronary atherosclerosis. LDL-C could be a marker
for predicting the severity of coronary atherosclerosis, but not cardiovascular events.
Elevated Oxidized LDL seems to be associated with the presence of vulnerable plaque at
blood vessels (6), not a causative factor for the formation or initiation of atherosclerosis
because of it low concentration in plasma.

3. Postprandial remnant hyperlipoproteinemia as a risk for sudden cardiac
death

Several clinical studies have shown that elevated plasma TG levels greatly increase the risk
of sudden cardiac death. Results from the Paris Prospective Study (26) and The
Apolipoprotein Related Mortality Risk Study (AMORIS) in Sweden (27) demonstrated that
increased TG was a strong risk factor for fatal myocardial infarction. However, plasma TG
levels can alter very easily within a short time. Therefore it has been difficult to identify the
clinical events of elevated TG in the long term prospective studies until recently (28-30).

If the lipid and lipoprotein levels in postmortem plasma correctly reflected the antemortem
levels, these data could probably provide the same values with the results obtained from the
prospective studies, which require long-term observation for evaluation. The plasma levels
of lipids and lipoproteins in sudden death cases may reflect the feature at the moment of
fatal clinical events followed by certain inevitable postmortem alterations, but still may
reflect the physiological conditions when the cardiac events had occurred. Therefore, we
analyzed postmortem plasma under well-controlled conditions to clarify the cause of
sudden cardiac death. Plasma RLP-C and RLP-TG levels vary greatly within a short time as
the TG levels, compared with other stable plasma markers such as HDL-C and LDL-C.
Hence, we believe that the cross-sectional study of RLPs at the moment of sudden death is a
superior analytical method than a prospective study of RLP (31) to identify potential risks of
CHD. During the investigations of sudden death cases, we found that the postmortem
alterations of lipids and lipoproteins in plasma were unexpectedly slight (21) compared
with proteins or other bio-markers. Moreover, these plasma lipoprotein levels were very
similar to those determined in living patients from the studies in our laboratory.

Remnant lipoproteins are known to increase postprandially as chylomicron (CM) remnants,
but very low density lipoprotein (VLDL) remnants also increase at the same time. The
remarkable close correlation between the increment in the concentration of TG-rich
lipoprotein (TRL) apoB-48 (CM) and apoB-100 (VLDL) after a fat meal indicates that
reduced efficiency of CM particle clearance is closely coupled to the accumulation of VLDL
particles as proposed by Karpe et al (32). Delayed clearance of CM particles, as evidently
occurs in many hypertriglyceridemic states, may thus contribute to the elevation of apoB-
100 in TRL. More than two thirds of the SCD including PDS case observed in this study
showed stomach full, indicating the strong association with postprandial remnant
hyperlipoproteinemia. Significant remnant hyperlipoproteinemia was observed in the
plasma of SCD cases compared with the control death cases.

The postprandial increase of apoB-48-carrying CM and CM remnants after fat load is known
to correlate well with the increase of RLP-C and RLP-TG (33). These data suggested the
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possibility that increased RLP in the postprandial state may be mainly composed of CM
remnants. However, unexpectedly, we found no significant differences of apoB-48 levels in
plasma or RLP apoB-48, but found significant differences of RLP aoB-100 levels between
SCD and control death cases (14). As previously reported by Schneeman et al. (34),
postprandial responses (after fat load) of apoB-48 and apoB-100 were highly correlated with
those of TRL triglycerides. Although the increase in apoB-48 represented a 3.5-fold
difference in concentration as compared with a 1.6-fold increase in apoB-100, apoB-100
accounted for about 80% of the increase in lipoprotein particles in TRL. Our results on
plasma evaluation in SCD cases were very similar to the results reported by Schneeman et al
(34). RLP apoB-100 levels were significantly elevated in SCD cases in the postprandial state
(when RLP-C and RLP-TG were significantly elevated), however, plasma apoB-48 or RLP
apoB-48 was not significantly elevated (14). These results strongly suggested that the major
subset of RLP associated with fatal clinical events was apoB-100 carrying particles, but not
apoB-48 particles.

The absolute amount of apoB-100 in RLP is much greater than that of apoB-48 in RLP.
Hence, VLDL remnants, endogenous lipoprotein remnants, generated in the liver, may be
more closely associated with the risk of sudden cardiac death than exogenous CM remnants,
irrespective of the severity of coronary atherosclerosis. Furthermore, we often found SCD
cases that had consumed alcohol on a full stomach. It is known that alcohol increases fatty
acids in the liver and enhances VLDL production, and inhibit LPL activity (35). Alcohol
intake with a fatty meal is known to greatly enhance TG increase in the postprandial state.
The intake of alcohol together with a fatty meal may easily enhance the production of apoB-
100 carrying VLDL in the liver, and increase VLDL remnants by inhibiting LPL activity and
increase the potential risk of coronary artery in SCD cases.

4. Comparative reactivity of LDL and remnant lipoproteins to LDL receptor in
liver

Clinical trials have shown that improvements in plasma LDL-C levels are associated with
retardation of atherosclerosis and reduction in coronary artery morbidity and mortality [2, 36].
The major mechanism of statin therapeutic effect has been recognized as the increase of LDL
receptor in liver to remove an elevated LDL-C in plasma. However, remnant lipoproteins have
been also implicated in progression of atherosclerosis [37-40], with elevated remnant
lipoprotein levels shown to independently predict clinical events in coronary artery disease
(CAD) patients (4]. The direct comparison of reactivity between remnant lipoproteins and LDL
to LDL receptor in liver has not been studied enough until recently.

Major target for remmnant lipoprotein research has been focused on postprandial
dyslipidemia. Postprandial dyslipidemia has been found to be associated with endothelial
dysfunction [42, 43] an early indicator of atherogenesis. Previous studies have shown that
normolipidemic patients with coronary disease have elevated postprandial levels of
triglyceride-rich lipoproteins (TRLs) and their remnants compared with healthy control
subjects [44-49]. Elevated remnant lipoprotein levels have also been associated with
coronary endothelial dysfunction [50], with remnants shown to stimulate expression of
proatherothrombotic molecules in endothelial cells [51]. Therefore, the prevention and
treatment of atherosclerosis merits pharmacotherapy targeted at regulating postprandial
dyslipidemia, namely remnant lipoproteins beyond LDL-C [52]. Postprandial remnant
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lipoproteins are the atherogenic lipoproteins which appear and increase postprandially into
plasma at the initial step of lipoprotein metabolism after food intake and then change to
further metabolized lipoproteins, such as LDL particles (Figure 1). The postprandial state
with increased remnant lipoproteins in plasma continues almost whole day except in the
early morning (6), while not the case in LDL. Therefore, if postprandial lipoproteins are
atherogenic risks as Zilversmit proposed (53), those should be the primary therapeutic
target to prevent cardiovascular disease. Increased LDL is not directly associated with the
daily food intake as remnant lipoproteins.

Possible mechanisms suggested for abnormal accumulation of lipoproteins postprandially
in plasma are defective clearance in liver via receptor-mediated pathways and/or increased
competition for high-affinity processes because of increased numbers of intestinally and
hepatically derived particles in the postprandial state [32]. HMG-CoA reductase inhibitors
decrease cellular cholesterol synthesis and consequently reduce the hepatic production of
very-low-density lipoproteins (VLDL) and increase the expression of LDL-receptors in liver
[54]. These properties of statins suggest that they are potential agents for regulating the
plasma levels of remnant lipoproteins as well as LDL-C.

Atorvastatin is an HMG-CoA reductase inhibitor found to be effective in lowering fasting
LDL-C and triglyceride levels [55]. Favorable effects of atorvastatin on postprandial
lipoprotein metabolism have been reported in healthy normolipidemic human subjects [56-
58]. Recently, atorvastatin and rozuvastatin are reported to decrease small dense LDL-C
significantly, which is highly correlated with remnant lipoproteins in plasma, possibly as a
precursor of sdLDL (59).

We investigated whether RLP bound to LDL receptor more efficiently than LDL itself via
apoE-ligand which is rich in RLP (6). RLP competed more efficiently with p-VLDL than LDL
in LDL receptor transfected cells (to be published in Clin Chim Acta 2012 by Takahashi et
al). These results suggested that RLP which is mainly apoE-rich VLDL more efficiently
binds and internalizes into LDL receptor transfected cells than LDL. Similar results were
observed in VLDL receptor transfected cells, although VLDL receptor is not present in liver
(60). Takahashi et al found that pitabastatin (NK-104) induced VLDL receptor in skeletal
muscle cells with significantly higher concentration (more than 10 folds) compared to
HepG2, in which NK-104 enabled to induce LDL receptor.

In FH of a LDL receptor deficiency, statins have a dual mechanism of action involving an
increase in the catabolism of LDL via up-regulation of LDL-receptors and a decrease in the
hepatic secretion of apolipoprotein (apo) B-100. The net effect is a decrease in the
concentration of apoB-containing lipoproteins. As CM remnants are also apo E-rich and
mainly cleared via the LDL-receptor [61, 62], an increase in receptor activity and reduced
competition from apoB-100-containing lipoproteins was hypothesized to increase the
removal rate of remnant lipoproteins from circulation. A recent study investigating the
effects of high-dose, long-term statin treatment on the metabolism of postprandial
lipoproteins in heterozygous FH, reported a decrease in the fasting and postprandial RLP-C
as well as LDL-C [63]. Statins can induce LDL receptor in heterozygous FH which enhance
the removal of RLP and LDL simultaneously.

However, it has not been known which, RLP or LDL, is removed earlier or primarily from
plasma by increased LDL receptor with statin treatment. Takahashi et al suggested the
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possibility that remnant lipoproteins are removed more primarily from plasma by statins
and prevent cardiovascular disease, while LDL are more likely reduced as a consequence of
reduction of the precursor lipoproteins (to be published in Clin Chim Acta 2012 by
Takahashi et al).

Moreover, VLDL receptor which does not affect the removal of remnant lipoproteins in liver
may affect on rhabdomyolysis in skeletal muscle cells, in case when VLDL receptors are
significantly induced by statins in those cells. When plasma concentration of statins
increased abnormally high, VLDL receptor could be induced in the skeletal muscle cells.
Then, RLP binds and internalizes into skeletal muscle cells with significantly increased
concentration and may cause the rhabdomyolysis in skeletal muscle cells by the cytotoxic
effect of remnant lipoproteins (6, 64, 65).

The direct comparison between LDL and RLP has shown that RLP with its apoE-rich ligand
has superior binding and internalization reactivity to LDL receptor than LDL in liver, which
is a similar reactivity with VLDL receptor. These results suggest that RLP may be more
primarily and efficiently metabolized in liver than LDL through increased LDL receptor
when treated with statins.

5. Possible molecular mechanism of remnant lipoproteins associated with
coronary artery vasospasm

Followings are the hypothesis of molecular mechanism on the initiation and progression of
atherosclerosis associated with fatal cardiovascular events we have proposed from our
studies on sudden cardiac death during last two decades (Figure 2).

Elevated plasma RLP first cause the initiation of vascular dysfunction at endothelial cell and
smooth muscle cells through LOX-1 receptor and activate Rho-kinase pathway in vascular
smooth muscle cells to induce coronary artery spasm as vascular smooth muscle
hyperconstriction. However, LDL has no such biological properties to initiate the vascular
dysfunction. Although Ox-LDL, derived from LDL modified, has very similar biological
properties with remnant lipoproteins, the plasma concentration of Ox-LDL is significantly
low and can not influence to the following phenomenon like remnant lipoproteins shown by
in vitro studies (6).

5.1 Remnant lipoproteins and impaired endothelialium-dependent vasorelaxation

Endothelial activation or dysfunction is known to be an early event in the development of
atherosclerosis which is not necessarily associated with strong morphological changes.
Kugiyama et al (66) and Inoue et al (67) first found that plasma RLP-C levels, but not LDL-C
levels, showed significant and independent correlation with impaired endothelial function
reflected as impaired endothelium-dependent vasomotor function (vasorelaxation) in large
and resistance coronary arteries in humans. These observations indicated the possibility that
high plasma concentration of remnant lipoproteins impair endothelial cell function in
human coronary arteries.

Flow-mediated vasodilation (FMD) of the brachial artery during reactive hyperemia has
been used as a noninvasive method to assess endothelial function. Kugiyama et al (68) and
Funada et al (69) examined FMD by high resolution ultrasound technique before and at the
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Fig. 2. Effect of RLP and Ox-LDL on athegenesis. The endothelial cell dysfunction is initiated
by RLP in plasma followed by the induction of LOX-1 receptor and the associated pathway
of various cytokines and enzymes. Ox-LDL promotes the progression of atherosclerosis in
subendothelial space after a large efflux of LDL from plasma and form atherosclerotic
plaques.

end of a 4 week treatment with oral administration of alpha-tocopherol acetate (300
IU/day). Alpha-tocopherol improved the impairment of endothelium-dependent
vasodilation in patients with high RLP-C, but not in patients with low RLP-C. Similarly,
RLP and their extracted lipids impaired endothelium-dependent vasorelaxation (EDR) of
isolated rabbit aorta at the same concentration of serum RLP-C as found in patients with
coronary artery disease (70). In contrast, non-RLP in the VLDL fraction had no effect on
EDR. This in vitro study further showed that co-incubation of N-acetylcysteine and reduced
glutathione (GSH), antioxidants, that were added to incubation mixture in isolated rabbit
aorta containing RLP, almost completely reversed the impaired EDR, suggesting that
reactive oxygen species contained in RLP or those generated by RLP played a significant
role in the impairment of EDR. Further, Doi et al (51) showed that RLP isolated from
patients undergoing treatment with alpha-tocopherol lost their inhibitory action on
vasorelaxation of isolated rabbit aorta in response to Ach, whereas RLP from patients
receiving placebo had inhibitory action on vasorelaxation. These results suggested that high
RLP-C level being oxidized in plasma increased the oxidative stress and contribute to
endothelial vasomotor dysfunction in patients with high plasma concentration of RLP-C.
Ohara et al (17) reported that remnant lipoproteins isolated from SCD cases suppressed
nitric oxide (NO) synthetase activity and attenuate endothelium-dependent vasorelaxation.
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Probucol is known to inhibit the oxidative modification of LDL (71), lowering serum
cholesterol levels. Ox-LDL has been shown to impair endothelium-dependent
vasorelaxation and antioxidants, including probucol, suppressing the impaired EDR (72) as
RLP described above.

5.2 Both Ox-LDL and remnant lipoproteins activate LOX-1 receptor in endothelial cells

A scavenger receptor independent pathway for acetyl LDL and oxidized LDL in cultured
endothelial cells, has long been known; however, it has been difficult to isolate. Recently,
Sawamura and his colleagues (73-76) discovered and characterized lectin-like oxidized LDL
receptor-1 (LOX-1) as a vascular endothelial receptor for Ox-LDL. Endothelial dysfunction
or activation invoked by oxidatively modified LDL has been implicated in the pathogenesis
of atherosclerosis by enhanced intimal thickening and lipid deposition in the arteries. Ox-
LDL and its lipid constituents, mainly composed of oxidized products of phospholipids
such as lysophosphatidylcholine, impair endothelial production of NO, and induce the
endothelial expression of leukocyte adhesion molecules and smooth muscle growth factors,
which can contribute to atherogenesis via LOX-1 receptor. Vascular endothelial cells in
culture and in vivo internalize and degrade Ox-LDL through a putative receptor-mediated
pathway that does not involve macrophage scavenger receptor. The treatment of HUVECs
with RLP increased LOX-1 expression in a dose dependent manner (Figure 3) and was
completely inhibited by LOX-1- antisense, but not by LOX-1-sence. Monoclonal antibody to
LOX-1 reported by Shin et al (77) and antisence LOX-1 oligodeoxynucleotide reported by
Park et al (78) significantly reduced RLP-mediated production of superoxide (NADPH
oxidase dependent), TNF-alpha, and interleukin-beta, NF-xB activation, DNA fragmentation
(cell death: apoptosis). Further Shin et al (77) have emphasized the importance of RLP in
increasing the expression of LOX-1 receptor protein in NADPH oxidase dependent
superoxide production; the expression of adhesion molecules such as ICAM-1, VCAM -1
and MCP-1 stimulated by RLP is dependent on the activation of LOX-1 receptors. These
findings strongly suggest that LOX-1 may play the role of a receptor of RLP as well as Ox-
LDL in endothelial cells. Endothelial cell injury caused by RLP via LOX-1 receptor activation
evidently can initiate atherosclerosis. Cilostazol, a platelet aggregation inhibitor and
vasodilator (79), is known to reduce plasma RLP-C levels in patients with peripheral artery
disease (80) and has showed significant protective effect against RLP-induced endothelial
dysfunction by suppressing these variables both in-vitro and in-vivo with its antioxidative
activity (81).

5.3 Remnant lipoproteins activate LOX-1 receptor in smooth muscle cell

Coronary vasospasm has been considered to occur at vascular smooth muscle cells (VSMCs)
and the migration of VSMCs from media to intima and subsequent proliferation play key
roles in atherogenesis. A previous report has demonstrated that RLPs induce VSMC
proliferation [82]; however, receptors for RLPs in VSMCs have not yet been well
characterized until recently reported by Aramaki et al (83), although LRP in the liver, apoB-
48-R in macrophages, and VLDL receptor in heart, skeletal muscle, adipose tissue, brain and
macrophages [84, 85] have been shown to act as a receptor for RLPs. LOX-1 expression is
dynamically inducible by various proatherogenic stimuli, including tumor necrosis factor-
a(TNF-a), heparin-binding epidermal growth factor-like growth factor (HB-EGF), and Ox-
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Fig. 3. RLPs, but not nascent VLDL (n-VLDL), induce LOX-1 expression in BVSMCs. (A)
After BVSMCs were treated with the indicated concentrations of RLPs for 16 h, total cell
lysates were subjected to immunoblotting for LOX-1. TNF-a served as a positive control. (B)
After treatment with 25pg/ml of RLPs for the indicated time periods, total cellular RNA
was subjected to Northern blot analyses. Bands for 28S and 18S ribosomal RNAs were
visualized by ethidium bromide staining to control the amount of RNA loaded. (*) p <0.001
vs. Og/ml of RLPs, (#) p <0.05 vs. 0 h incubation (cited from Ref 83).
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LDL. Furthermore, LOX-1 is highly expressed by macrophages and VSMCs accumulate in
the intima of advanced atherosclerotic lesions, as well as endothelial cells covering early
atherosclerotic lesions in vivo, indicating that LOX-1 appears to play important roles at
various stages of atherogenesis.. Aramaki et al (83) recently provided direct evidence, by
c¢DNA and short interference RNAs (siRNAs) transfection, that LOX-1 acts as a receptor for
RLP (Figure 1) and whereby induce VSMC migration, depending upon HB-EGF shedding
and the downstream signal transduction cascades. The direct evidences that LOX-1 serves as
a receptor for RLPs in vascular smooth muscle cells (VSMCs) were shown by use of two cell
lines which stably express human or bovine LOX-1 and siRNA directed to LOX-1. In
addition, involvement of metalloproteinase activation, HB-EGF shedding, EGFR
transactivation, and activation of ERK, p38 MAPK and PI3K were also observed in RLP
induced migration of BVSMCs. Competition studies in cells stably expressing LOX-1
indicated binding site(s) on the LOX-1 molecule for RLPs and oxidized LDL appear to be
identical or overlapped, suggesting the C-terminal cysteine-rich C-type lectin-like domain
was shown to be the responsible binding site(s) for RLPs [86]. These studies suggested the
importance of LOX-1 in RLP-induced atherogenesis, as well as that induced by oxidized
LDL. RLPs induced cell migration and LOX-1 expression by RLP-LOX-1 interactions, thus
making a positive-feed back loop to further enhance the RLP-induced vascular dysfunction,
as already showed in oxidized LDL-induced vascular dysfunction. In accordance with a
previous report [77, 78], RLP-induced LOX-1 expression and cell migration depend upon
HB-EGF shedding and subsequent EGFR transactivation demonstrated. Furthermore, the
involvement of ERK, p38 MAPK and Akt as signal transducrion cascades located
downstream to the EGFR transactivation were shown. JNK was not activated by RLPs or not
involved in RLP-induced LOX-1 expression or cell migration (84).

These results suggested that RLP induced LOX-1 expression and enhance the activation of
smooth muscle cells.

5.4 Remnant lipoproteins activate Rho-kinase in smooth muscle cells and induce
vasospasm

Coronary vasospasm has been postulated to play an important role in SCD, although a direct
demonstration for the hypothesis is still lacking. Shimokawa and his colleagues demonstrated
the close relation between RLP and coronary vasospasm that is mediated by upregulated Rho-
kinase pathway (18). The expression and the activity of Rho-kinase are enhanced at the
inflammatory coronary lesions in the porcine model with interleukin-1 (19, 88).

RLP isolated from the plasma of SCD cases exert a potent upregulating effect on Rho-kinase
in hcVSMC (18). In organ chamber experiments, serotonin caused hyperconstriction of
vascular smooth muscle cells (VSMC) from RLP-treated segment, which was significantly
inhibited by hydoxyfasudil (a selective Rho-kinase inhibitor). In cultured human coronary
VSMC, the treatment with RLP significantly enhanced the expression and the activity of
Rho-kinase. These results indicated that RLP isolated from the plasma of sudden cardiac
death cases upregulated Rho-kinase in coronary VSMC (promoted inflammation) and
markedly enhanced coronary vasospasmic activity.

Further, Oi et al (18) performed in vivo study on the formation of coronary vascular lesion
by RLP, using healthy pigs in which they treated pig coronary arteries with RLP (an
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equivalent concentration of plasma RLP) isolated from the plasma of SCD cases. After 1
week, intracoronary serotonin caused hyperconstriction in the segment treated with RLP
but not in the non-RLP VLDL treated segment (Figure 4). Likewise, RLP treated with
hydroxyfasudil, a selective Rho-kinase inhibitor, dose dependently inhibited the coronary
spasm in pigs.

A B

4= RLP-VLDL
¢ Non-RLP-VLDL

Fig. 4. RLP (RLP in VLDL fraction; RLP-VLDL) from patients with SCD markedly enhance
coronary vasospastic activity in pigs. Coronary angiograms before (A) and after
intracoronary serotonin (B). Black arrows indicate RLP site at coronary artery; white arrows,
non-RLP site. RLP induced significant hyperconstriction at treated coronary site after 1
week, while hydroxyfasudil completely inhibited serotonin (5HT)-induced coronary
hyperconstriction at RLP site (cited from Ref 18). These results were explained by the
induction of Rho-kinase a and Rho-kinase 3, of which mRNA expression was enhanced by
the treatment with RLP but not that with non-RLP.

It has ©been recently reported that sphingosine 1-phosphate (S1P) and
sphingosylphosphorylcholine, present in serum lipoproteins, behave as a lipid mediator and
cause vasoconstriction through upregulation of Rho/Rho-kinase pathway (89). The possible
role of S1P and sphingosylphosphorylcholine in the RLP fraction remains to be elucidated.

These results suggested the importance of intervention to suppress the cardiovascular
events more aggressively by such as inhibiting Rho-kinase activation than to slow down the
progression of atherosclerosis.

6. Conclusion remarks

Sudden and unexplained cardiac death has been known for many years in Southeast Asian
countries, including Japan. These deaths were named differently in each country such as
Pokkuri Death Syndrome in Japan, “Lai Tai” in Thailand, “Bangungut “ in the Philippines,
“Dream Disease” in Hawaii, and “Sudden Unexpected Nocturnal Death Syndrome” among
South Asian immigrants in the USA. However, the clinical and pathological features of these
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sudden death cases are surprisingly similar with no coronary atherosclerosis and mainly
occur among young males during sleep in the midnight, together with an excessive food
and alcohol intake.

We have proposed a hypothesis that could explain a possible cause of PDS based on the
postprandial increase of remnant lipoproteins in plasma and narrowed circumferences of
coronary arteries in PDS cases. The elevated plasma RLP initiates the vascular dysfunction at
endothelial cells in narrowed coronary arteries as an early event in the development of
atherosclerosis and induces severe coronary spasm under stress or genetic disorder, possibly
for example, through activating LOX-1 receptor and Rho-kinase pathway, at smooth muscle
cells to cause cardiac arrest. LDL or low concentration of Ox-LDL could not explain these
phenomena as RLP. Taken together, we have proposed that the severity of coronary
atherosclerosis and the occurrence of cardiovascular events in CHD cases could be considered
as separate factors, judging from the physiological role of LDL and RLP in plasma. Therefore,
the intervention should be more targeted to suppress the plasma remnant lipoproteins to
prevent cardiovascular events more aggressively rather than to slow down the progression of
atherosclerosis by LDL.
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1. Introduction

In the last decades, the survival of liver transplanted patients and grafts have had a great
improvement due to many factors. Careful preoperative evaluation in transplant recipients,
experience and a multidisciplinary approach have, without any doubt, a major role in the
selection of candidates and in the diagnosis and treatment of preoperative complications.
Moreover, with the introduction of new generation immunosuppressive drugs and careful
pharmacological monitoring, both the episodes of acute rejection and toxic effects have been
minimized (1)

In consequence, since the graft and the patient post-transplant survival have been improved,
the transplanted population has started showing long term medical complications.

Besides the risk correlated with graft rejection, the transplanted population has an increased
risk of developing many malignancies. A number of hematologic diseases, skin cancer,
gastrointestinal tumors seems to recognize a possible trigger factor in immunosuppressive
drugs and the patient’s immunological status but also in serological status and viral
infections quite common in immunosuppressed patients. As for frequency, after these two
groups of complications, cardiovascular diseases are the third cause of death in the
transplanted population (1)

Eligibility to liver transplant, once based on Child Pugh system, has been regulated, since a
few years, by MELD score, an index of survival probability of the end stage liver disease (2).
This score is obtained on three variables, INR, creatinine and bilirubine. Due to the well
known inadequate number of available grafts, if compared to patients requiring liver
transplantation and to the risk of mortality while in the waiting list, this score supplies a
priority system, based on the severity of the disease, for the organ allocation. The cut off
value normally considered for eligibility to liver transplantation is a MELD score >15. Since
the evaluation of the MELD score is obtained with this mathematical formula:

10{0.957Ln(Scr)+0.378Ln(Tbil)+1.12 Ln (INR) +0.643}

eligibility to transplantation undergoes the parameter of severity of the disease, selecting the
population of patients with generally worse clinical conditions. Moreover, the median age
of the patients waiting for transplantation seems to be higher, essentially due to the
improvement in the antiviral therapies and the better medical treatment in the hepatological



38 Recent Advances in Cardiovascular Risk Factors

patient; for these reasons, the impairment of the liver function resulting in an eligible score
can be delayed, with a longer conservative treatment and an older age of the patients who
undergo liver transplantation.

Like in general population, the risk of developing cardiovascular disease increases with age,
but liver disease by itself is often related to cardiovascular disease or higher cardiovascular
risk factors (2, 3). Therefore, an accurate cardiovascular risk assessment of these patients,
besides the whole pretransplant evaluation, is essential, both for the increased risk of
cardiovascular diseases after liver transplant and for the cardiovascular risk assessment of
the pre-transplant condition.

2. Pretransplant cardiovascular risk

Advanced hepatic liver disease is responsible for many changes in the physiology and
biochemistry of the cardiovascular system, affecting contractility, heart rate, conduction and
repolarization (4, 5, 6).

Cirrhotic cardiomyopathy is a pathological condition characterized by an increased cardiac
output, impaired ventricular response to stress, decreased beta-agonist transduction,
increased circulating inflammatory mediators with cardio depressant effect, alteration in
repolarization, low systemic vascular resistance and bradycardia, altered function of
muscarinic function and beta adrenergic stimulatory system, heart cell membrane
abnormalities due to altered membrane fluidity and a modified calcium concentration,
overproduction of nitric oxide, cardio depressant effects of an increased level of carbon
monoxide (7).

Both the systolic and diastolic functions seem to be damages: the former, even if in cirrhotic
cardiomyopathy the cardiac output is high, can be revealed by stress test, and can be caused
by a reduced cardiovascular reactivity during exercise; the latter determined by fibrosis,
myocardial hypertrophy and sub endothelial edema results in the impairment of
compliance and relaxation. (4, 5, 6)

Abnormalities at the ECG, such electromechanical dissociation, which results in a
prolongation of the QT interval , and chronotropic incompetence given by an impaired
response to beta stimulation, are very common in cirrhosis and seem to be mainly related to
portal hypertension and portosystemic shunting, but also to alterations of the heart rate with
a central hypovolemia, loss of renal excretion of water and sodium and an altered
baroreflex sensitivity which contribute to impair the cardiovascular system.(4, 5, 6, 8)

These conditions can lead to a higher risk of torsade de pointes, rhythm disturbances but
also to the inability to develop physiologic tachycardia when required.

Some liver diseases seem to show a correlation also on the coronary blood flow. Diffuse but
undetectable coronary atherosclerosis, reduced coronary micro vascular bed and impaired
endothelium function are reported in NAFLD (9, 10).

Pre-transplant diabetes is another cardiovascular risk factor, and, in liver diseases the
possibility to find an insulin resistance can be related to the pathogenesis of liver disease (
non alcoholic fatty liver disease), where the deregulation of fat metabolism causes an
overproduction of very low density proteins involved in the metabolic syndrome, and, after
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the initial over activity with hyperinsulinemia, there is an impairment of islet beta cells; on
the other hand, the liver glycogenogenesis and glycogenolysis pathways for the regulation
of carbohydrate metabolism can be impaired due to the hepatic disease itself (10, 11, 12, 13,
14,15, 16, 17).

Renal dysfunction is not uncommon (microalbuminuria, hepato-renal syndrome), and also
pulmonary heart disease has to be considered such as Hepatopulmonary Syndrome where a
mismatch between ventilation and perfusion is involved with hypoxemia due to an excess
of perfusion because of abnormal intrapulmonary vascular dilation. (5, 9, 11, 16)

Portopulmonary Hypertension, is a condition where pulmonary arterial hypertension is
associated with liver disease or portal hypertension due to many factors such as
hyperdinamic circulation, release of mediators from the congested bowel because of
splancnic overload, vasoconstriction and remodeling of the lung vascular endothelium.(16)

The American Association for the Study of Liver Diseases (2) recommends a rigorous pre-
operative Assessment
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CAD-= coronary artery disease; CTA= computed tomography angiogram; ECG= electrocardiogram; H=
heart failure; LV= left ventricular; LVOTO= left ventricular outflow tract obstruction; POPH=
portopulmonary hypertension; Pulm.= pulmonary; QTc= corrected QT interval; RV= right ventricular;
TTE= transthoracic

Fig. 1. Suggested strategy for pre-operative cardiac assessment of liver transplant candidates

3. Post transplant cardiovascular risk

Patients who undergo liver transplantation have an around doubled risk of developing
cardiovascular disease if compared to non transplanted population. To investigate the risk of
such complications, multiple risk factors have to be added up. On one hand, there are all the
risk factors of the general population such as advanced age, male gender, smoking history,
high body mass index, pre-transplant diabetes mellitus, marital status. On the other hand,
some peculiar risk related to the etiology of the underlying liver cirrhosis have to be
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considered, since liver disease caused by criptogenetic, alcohol and hepatitis C seems to be
related to an increased cardiovascular risk. Moreover, after transplantation, a new
physiological condition arises from the hemodynamic, biochemical and drug related
standpoint. The vasodilatation existing in the cirrhotic patient has been solved and a systemic
vasoconstriction is quite often present in the transplanted patient. Many factors seem to be
involved in such systemic resistance modification but a definite pathogenesis is still under
debate. The renin-angiotensin system seems to be involved but also the effect of endothelin,
which seems to be higher then normal after LT, with its vasoconstrictor effect and which could
determine the arterial pressure increase as well as the arterial stiffness which are clearly related
to high pressure. Anyway a high arterial blood pressure before transplant seems to be a factor
contributing the post transplant development of arterial hypertension (1, 18, 19)

The metabolic syndrome is apparently another risk factor, quite common in transplanted
patient. In liver cirrhosis the patient generally suffers from a hypermetabolic condition and
insulin resistance is very common. The normalization of the metabolic status, and the
change induced in the metabolism of lipoproteins, in absence or combined with insulin
resistance or diabetes due to the pancreas cells function impairment, can explain some
effects of the post-transplant status while the underlying liver disease itself (HCV infection
and relapse) seems to be related to diabetes affecting the insulin pathway and directly
affecting the pancreatic beta cells (20, 21, 22, 23)

A major role in the cardiovascular risk factors lies in the irreplaceable use of
immunosuppressive drugs (1, 18, 24)

Immunosuppressive drugs are related to arterial hypertension, and especially calcineurin
inhibitors, have turned out to affect the vascular bed causing endothelial dysfunction.
Besides their direct effect on the vascular endothelium, they also affect the vascular smooth
muscle cells and have effects on the release and production of nitric oxide and endotheline.
The renal function is impaired because of the nephrotoxic effects of many of these drugs that
cause an impairment of the glomerular filtration rate and side effects on arterial pressure.
Immunosuppressive drugs have also a pancreatic beta cells toxicity leading to a decrease in
the production and secretion of insulin and an increased risk of diabetes (18). This condition
by itself impairs the micro vascular bed and renal function. These drugs, especially M-tor
inhibitors, affect the lipid metabolism, with the development of high levels of cholesterol
and triglyceride concentration requiring lipid-lowering drugs. This side effect seems to be
due to a decreased drug related bile acid synthesis but also to the agonist effects of some
immunosuppressive drugs with low density lipoprotein cholesterol receptors, with a higher
quantity of circulating low density lipoprotein. These side effects cause a further impairing
in the vascular beds status, with effects of stiffness on the vascular walls. Also the steroids,
frequently used in combination with immunosuppressive drugs or as treatment of acute
rejection, have their well known effects on the vascular system, causing vasoconstriction,
arterial hypertension, truncal fat deposition, and on the glucydic metabolism, causing a
decreased insulin production, and impairing the peripheral glucose utilization, resulting in
an insulin resistance or diabetes (1, 18, 25, 26).

4. Imnmunosuppression and cardiovascular risk factors

Transplantation soared in the 1980s thanks to the introduction of a new immunosuppressive
drug: Cyclosporine. Before that, survival after liver transplantation was strongly impaired
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by the common onset of rejection and graft loss, when the immunosuppressive strategies
were poor and crude such as the whole-body x-radiation at the very beginning (1960s) and
azathioprine, prendisolone and anti-lymphocytes antibodies about ten years later. (27)

The experience in liver transplant shows that liver transplant recipients develop a lower rate
of rejection if compared to other organs (heart, kidney) possibly because a form of
microchimerism due to a large number of donor’s cells within the allograft. Also the
production by the liver of soluble donor MHC class 1 molecules has been mentioned to
explain this resistance to rejection in liver transplantation. The size and regenerative
properties of liver can also play a role.(27, 28)

Nevertheless, although the liver is less prone to rejection then other organs, the
immunosuppressive regimen remains mandatory after liver transplantation. The selection of
immunosuppressive drugs is not universal but has to be done considering the pretransplant
history and the medical conditions, considering for example pretransplant poor renal
function, diabetes or hepatocellular carcinoma. Therefore a careful balance between pros
and cons is essential.

At present, calcineurin inhibitors are the most large used immunosuppressive drugs for
liver transplantation, with well known side effects such as neurotoxicity, nephrotoxicity,
hypertension, increased risk of death due to cardiovascular risk factors, gingival
hyperplasia, hirsutism and diabetes.

Cyclosporine, the oldest one, is derived from the fungus Tolypocladium inflatum and is a
polypeptide of 11 amino acids. Tacrolimus, the most recent one, is derived from
Streptomyces tsukabaensis and is a macrolide compound.

Cyclosporine inhibits interleukin 2 gene transcription, binding cyclophilin, inhibiting the
calcium/calmodulin  phosphatase dependent calcineurin complex. It causes a
dephosphorilation of activated T cell which is important for the transcription of cytokines
for the activation of T cells, while Tacrolimus, from the same group of immunosuppressive
drugs and with a similar mechanism of action, inhibits calcineurin binding to another
specific immunophilin, FK binding protein 12. (27, 28, 29)

These drugs seem to have complex activities besides immunosuppression, causing
endothelial dysfunction and more specifically a decrease in the production of the
vasodilator nitric oxide (NO) by endothelial NO synthase (eNOS), affecting the vasodilator
function by negatively altering endothelial intracellular Ca2+ and eNOS phosphorylation.
Ca2+ concentration is altered by intracellular Ca2+ leak and decreased agonist-induced
intracellular Ca2+ release which negatively affects eNOS phosphorylation, NO production,
and endothelium-dependent dilatation. The precise mechanisms leading to hyperlipidemia
are not completely known. There are contributing factors such as corticosteroids use and
obesity. Anyway cyclosporine is related to an increase of VLDL and LDL while Tacrolimus
seems to be characterized by VLDL increase alone. The mechanisms which underlie these
side effects seem to be the increase in free intracellular cholesterol levels due to an impaired
cholesterol esterification, but also the activation of the transcription factor responsible for
the expression of lipid related genes. Oxidative processes may also underlie the
atherosclerotic effect.
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The nephrotoxic effects are well known, and they can by themselves be related to the
development of arterial hypertension. The mechanism, beside a possible involvement of the
tubular epithelium, seems to be more strongly related to vascular alteration of the afferent
arterioles, with consequent ions alteration and hyperkaliemia. (28, 29, 30)

The arteriolar vasoconstriction and renal ischemia are related to an imbalance between the
vasoactive messengers ( endothelin-1 and tromboxane A2), the dysregulation of nitric-oxide
formation and the renin-angiotensin system. Besides these vascular effects altering the renal
control of arterial pressure, the nephrotoxic direct effects should also be mentioned, with
tubular cell apoptosis and necrosis, but also the effects on the cell cycle compromising the
proliferation capacity and accelerating cell aging possibly mediated by an oxidative stress
caused by reactive oxygen species (ROS) and lipid peroxides. This effect has been
demonstrated as an abnormality in permeability of the mitochondria causing an isometric
vacuolization resulting in the presence of giant mitochondria. Thus, the endoplasmic
reticulum undergoes enlargement and the proteic syntesis is affected. Cyclosporine can act
as an endoplasmic reticulum stress inducer causing epithelial phenotypic changes leading to
nephrotoxicity (30, 31, 32, 33, 34).

Endoplasmic reticulum stress seems to play a major role in many diseases such as
atherosclerosis, Alzheimer, diabetes and inflammatory bowel diseases, leading the unfolded
protein response to an adaptative response. (35, 36)

The above mentioned stress is involved in post transplant diabetes, promoting insulin
resistance and cells death. Insulin secerning cells undergo proteins synthesis stress and are
very sensitive to any status causing accumulation of anomalous proteins. The
pathophisiology of pancreatic beta cells damage during treatment with Tacrolimus and
Cyclosporine is still matter of debate, but it seems related to the endoplasmic reticulum
stress which modify cells vitality, since in animal models treated with calcineurin inhibitors,
nuclear inclusions, dilatation in cistern of the granulous endoplasmic reticulum with
degranulation and degeneration of pancreatic beta islets have been shown (35, 36)

Steroids are often used in immunosuppressive therapeutic schemes in the perioperative
period, both intraoperatively, and after transplantation for a period ranging from 3 to 6
months for liver transplantation. Moreover, at the possible onset of acute rejection, bolus of
steroids are administered. The steroid immunosuppressive function derives from the
inactivation of the response of lymphocytes and macrophages by inhibiting the production
of cytokines, but also suppressing antigens and stimulating the migration of T cells to the
lymphoid tissue.(30)

A large body of evidence supports the theory that steroids induce an imbalance between
vasoconstriction and vasodilatation, favoring vasoconstriction, resulting in arterial
hypertension.

The increased vasoconstriction is mediated by several mechanisms. In large part
vasoconstriction is mediated by the increased endothelin-1 synthesis and secretion,
increased erythropoietin levels by the increased level of cytosolic calcium, increased
sympathetic activity that is mediated by the increase of Betal-adrenergic receptor expression
and increased synthesis of catecholamines, by the increased expression of various enzymes
involved in the catecholamines biosynthesis including tyrosine hydroxilase and phenyl
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ethanolamine N-methyltransferase and altered availability of Alfal-adrenergic receptors in
vascular smooth muscles, leading to an increased vascular reactivity, pressure
responsiveness and hypertension. The vasoconstriction and hypertension induced by
steroids are also mediated through enhanced synthesis and action of vasoactive substances
and their receptors, including neuro peptide Y (NPY), arginine vasopressin (AVP) and atrial
natriuretic peptide (ANP).

Another interesting issue is the role of the renin-angiotensin system activation in the
development of steroids induced hypertension. Steroids act directly at the liver site,
enhancing the synthesis of angiotensinogen. (29, 37)

On the other hand, steroids negatively affect various vasodilatory systems causing nitric
oxide (NO) deficiency through a range of a negative influences on the NO biosynthetic
pathways involving alteration in the activity and expression of NO synthase, decreased
availability of tetrahydrobiopterin (BH4) and decreased NO precursor L-arginine. Moreover
steroids affect the production of other vasodilatatory substances as prostacyclin,
prostaglandin E2 and kallikrein.

Steroids induce insulin resistance in skeletal muscle by directly interfering with the insulin
signaling cascade. The same effect is produced also in hepatic cells and thus endogenous
glucose production is increased. (28, 29, 37)

Steroids appear to have a direct causal effect relationship with cardiovascular disease
depending on dose, duration, cumulative dose of exposure and route of administration. The
increased risk is mediated through the induction of several risk factors for cardiovascular
disease.

Since the late 1990s other immunosuppressive drugs have been introduced into the world of
transplantation: the group of m-Tor inhibitors (Sirolimus and Everolimus) (27, 28, 29).

Sirolimus is derived from actinomycete Streptomyces hygroscopicus. It has a homologous
structure if compared to Cyclosporine and Tacrolimus and it also binds to FK bindig
proteins family (FKBP-12) which binds to mammalian targets of rapamycin (MTOR) which
has a kinase activity. Sirolimus plays its action on the signal transduction pathway, blocking
the IL-2 and IL-5 induction of B and T cell proliferation. It inhibits the normal cell
proliferation in response to IL-2. Everolimus, is a macrolide derived from Sirolimus, with a
similar mechanism of action, inhibiting the activation of immunophyllin FKBP-12. Unlike
Sirolimus it has pharmacokinetics properties which make it easier to handle.

These drugs are particularly interesting and under debate. Based on their anti proliferative
effects, they also seem to have anti-neoplastic effects based on the fact that they inhibit
angiogenesis, inhibit cancer cells survival and also cancer stem cells survival (27, 28, 29).

They seem to have less nephrotoxic effects than calcineurin-inhibitors provided there is no
pre-existing renal disease, basing their action on m-Tor contrasting the renal fibrosis caused
by TGF-beta. There’s anyway a risk of proteinuria or of renal damage amplification in an
already compromised renal function.

They show interesting properties in promoting tolerance but Sirolimus is considered an
unsafe drug for the 1st month after transplantation for a higher risk of developing hepatic
artery thrombosis and for a slower and more difficult wounds healing. Mouth ulcers and leg
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edema are common. It's strongly related to high risk of developing of hyperlipidemia which
seems to be caused by an increased hepatic secretion of VLDL, increased hepatic synthesis
of apoB100 and a reduction in the hepatic catabolism of LDL. The action of lipoprotein
lipase is decreased and the expression of apoClIl and lipase in adipose tissue are increased.
Anyway these drugs have effects on macrophages and antiproliferative effects which could
protect from the cardiovascular risk of atherosclerosis (27, 28, 29, 38, 39).

Antimetabolites such as mycophenolate mofetil and mycophenolate sodium have
immunosuppressive properties which were recognized in the 1990s although these drugs
are older. Their action derive from the blockage of inosine-5!-monophosphate deydrogenase
(IMPDH) resulting in the selective lymphocyte proliferation blockage. They have probably
less cardiovascular side effects, mainly gastrointestinal disorders, bone marrow depression,
some infections. Their exclusive use is hardly ever considered due to their insufficient
protection from acute rejection if not combined to m-Tor or CNL Yet their use anyway often
allows a lower CNI or m-Tor dosage with side effects sparing properties. (27, 28, 29, 40)

Both polyclonal and monoclonal antibodies [ anti- thymocites globilin (ATG), anti-
lymphocyte globulin (ALG), monoclonal antibodies (OKT3, Campath, Basiliximab)] are also
largely used in combination with CNI or m-Tor delayed introduction as induction
therapies, minimizing the side effects of CNI and m-Tor inhibitors.

Other immunosuppressive drugs are currently undergoing trials such as Belatacept, which
inhibits T cell activation binding CD80 and CD86, and looks promising, with less renal
toxicity, and Efalizumab which inhibits T cell-APC stabilization and blocks lymphocyte
adhesion to endothelial cells, with good results as for immunosuppressive properties but
with an increased risk of onset of post-transplant lymphoproliferative disorders (27, 28, 29).

5. Risk of new onset of diabetes (36)

NON-MODIFIABLE POTENTIALLY MODIFIABLE MODIFIABLE

Individualization of
Immunosuppressive
therapy

¢ Tacrolimus

* Cyclosporine

¢ Corticosteroid

* mTOR inhibitors
¢ Anti CD25 mAB?

¢ African American,
Hispanic

* Age > 40-45 yrs

* Recipient male gender
* Family history of DM
* HLA A30, B27, B42

* HLA mismatches

* HCV
* CMV

¢ Pre-tx IFG/IGT
* Proteinuria

* HypoMg

LEGEND:

IGT: impaired glucose tolerance, IFG: impaired fasting glucose, Anti CD25 mAb, Anti CD25
monoclonal antibody, CMV:cytomegalovirus, HCV: hepatitis C, HypoMg: hypomagnesemia, Pre-
Tx: pre-transplant
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IMMUNOSUPPRESSIVE AGENT

CALINEURINE INHIBITORS

MAMMALIAN TARGET OF RAPAMYCIN
INHIBITORS

MYCOPHENOLIC ACID

CORTICOSTEROIDS

AntiCD3 monoclonal antibodies

Antithymocyte globuline

Anti IL-2 alpha chain receptor antibodies

Anti -CD52 monoclonal antibodies

MECHANISM OF ACTION

Inhibit signal 2 trasduction via T cell
receptor

Inhibit Signal 3 trasduction via IL-2 receptor

Inhibit purine and DNA synthesis

Inhibit cytokine transcription by antigen
presenting cell;

Selective lysis of immature cortical
thymocytes

Depletion and receptor modulation in T cell
Interferes with Signal 1

Depletion and receptor modulation in T cells
Interferes with Signal 1, 2, 3

Inhibits lymphocytes trafficking

Inhibit T cell proliferation to IL-2

Cause depletion of thymocytes, T cells, B
cells and monocytes

IMMUNOSUPPRESSIVE AGENT SIDE EFFECTS

CALINEURINE INHIBITORS

Hypertension, Renal toxicity, neurotoxicity, diabetes,

dislipidemia, gingival hyperplasia, hirsutism.

MAMMALIAN TARGET OF
RAPAMYCIN INHIBITORS

MYCOPHENOLIC ACID

Dislipidemia, anemia, leucopenia, thrombocytopenia,
HAT, wound dehiscence, aphtous ulcers, arthralgia,
proteinuria

Anorexia, abdominal pain, gastritis, diarrhea,

neutropenia
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CORTICOSTEROIDS Hypertension, pancreatitis, peptic ulcer, osteoporosis,
aseptic necrosis of femoral head, diabetes,
hyperlipidemia, risk of infections, difficult wound
healing

AntiCD3 monoclonal antibodies ~ Fever, hypotension, headache, aseptic meningitis,
dyspnea, vomiting, diarrhea

Antithymocyte globuline Leucopenia, thrombocytopenia
Anti IL-2 alpha chain receptor Risk of acute rejection
antibodies

Anti -CD52 monoclonal Risk of acute rejection
antibodies

6. Conclusions

Besides the cardiovascular risk factors related to age, family disease and life habits, the
transplant candidate has a particular hemodynamic, biochemical, cardiac and systemic
condition depending on the hepatic disease. After transplantation, these paraphysiologic
modifications suddenly change, with the onset of a new systemic condition, the appearance
of organ damages not evident before, a new risk factors profile related to the new situation
and to unavoidable life-saving drugs treatment.

For these reasons the pre-transplant cardiovascular evaluation and the post-transplant
accurate monitoring followed by a careful choice of the immunosuppressive therapeutic
regimen, drug level monitoring, educational efforts to ameliorate life style and risk factors
are mandatory for a satisfactory outcome.
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1. Introduction

With an aging population, renovascular hypertension has become a major public health
problem (Safian & Textor, 2001). Although various forms of fibromuscular disease of the
renal arteries and/or traumatic disruption of renal vessels are the most common cause of
RVH among the younger individuals, atherosclerotic renal artery disease (ARAD) is the
most common lesion producing hypertension by far (Garovic & Textor, 2005). ARAD is
present in over 6.8% of individuals over 65 years of age and is found in up to 49.1% of
patients with coronary artery disease or aortoiliac disease (Iglesias et al. 2000; Valabhiji et al.
2000; Hansen et al. 2002; Rihal et al. 2002; Weber-Mzell et al. 2002; Textor 2003). Although
many patients with asymptomatic renovascular disease do not develop progressive renal
dysfunction, overall morbidity and mortality is significantly increased (Chabova et al. 2000;
Textor 2002; Textor 2003; Textor 2003; Foley et al. 2005; Foley et al. 2005). On the other hand,
some studies suggest that from 10% to 40% of elderly hypertensive patients with newly
discovered end stage renal disease and no identifiable parenchymal renal disease have
significant RAS (Textor and Wilcox 2001). As in other forms of renal disease, the severity of
interstitial fibrosis, tubular atrophy, interstitial inflammation, and glomerular sclerosis are
important predictors of renal outcome (Wright et al. 2001). It has been postulated that this
acquired tubulointerstitial injury may contribute to at least some forms of essential
hypertension (Raghow 1994). Mechanisms underlying vascular and renal dysfunction in
RAS have not been well delineated, despite intense study (Textor 2004). This information is
essential for the development of therapies - surgical or medical - to treat RAS.

The hallmark of RVH arising from unilateral RAS is atrophy of the stenotic kidney and
compensatory hyperplasia/hypertrophy of the contralateral kidney. Although this
compensatory hypertrophy serves an adaptive function, this process may render the
contralateral kidney more susceptible to other injuries (due to diabetes, glomerulonephritis,
etc.) (Wenzel et al. 2002). Although the corresponding histologic, hemodynamic, and tubular
alterations in the stenotic and contralateral kidneys have been superficially described in
experimental animals, mechanisms underlying these alterations and the identification of
markers that predict response to therapy have not been well defined. In particular, the stage in
evolution of RAS at which the atrophic changes in the stenotic kidney preclude recovery of
renal function after revascularization is not known. This lack of basic mechanistic knowledge
is underscored by the variable response of RAS to surgical revascularization; significant
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improvement in blood pressure control and recovery of renal function is achieved in only
about half of patients, with approximately one-quarter showing no significant changes, and up
to one-quarter of patients developing progressive deterioration of renal function (Textor and
Wilcox 2001; Textor 2003; Textor 2004). Furthermore, angiotensin-converting enzyme (ACE)
inhibitors or angiotensin receptor blockers potentiate hypoperfusion of the stenotic kidney, but
have been advocated to prevent deterioration of function in the contralateral kidney (Mann et
al. 2001; Schoolwerth et al. 2001). The stage during development of RVH and circumstances in
which this treatment should be initiated are not known. This lack of understanding of basic
mechanisms underlying the development of human RVH has prompted the development of
animal models to address this issue.

1.1 Animal model of renovascular disease

The classic “Goldblatt” 2K1C rat model of RAS has been extensively used to model human
RVH (Goldblatt et al. 1934). In the stenotic kidney, reduced renal perfusion stimulates renin
secretion through the renal baroreceptor system, leading to increased plasma levels of
angiotensin II (A-II), provoking systemic hypertension (Martinez-Maldonado 1991). A-II may
increase blood pressure directly or through elaboration of other vasoconstrictors (such as
endothelin, thromboxanes, etc.); aldosterone promotes sodium and water retention and
secondarily suppresses renin release. Over time, secondary structural damage occurs to the
kidneys, vessels, and other end organs. In this chronic phase, the role of A-II in maintaining
elevated blood pressure is not clear, as this phase no longer completely responds to ACE
inhibitor therapy. In this chronic phase, the renal damage and endothelial dysfunction may be
associated with near-normal renin and A-II levels (Okamura et al. 1986; Carretero and Scicli
1991). Indeed, lack of response to A-II inhibition in experimental animals with sustained RVH
may predict lack of response to surgical intervention to remove the RAS (Pipinos et al. 1998).

In the 2K1C model, the weight of the stenotic kidney tends to be lower than that of normal or
sham-treated controls, indicating that the kidney has undergone atrophy. The weight of the
contralateral kidney 1is higher than that of normal controls, indicative of a
hypertrophic/hyperplastic response. Histopathologic alterations in this model are variable,
and probably depend upon the extent of blood pressure elevation. As originally described, the
“Goldblatt” 2K1C is a model of accelerated, or “malignant” hypertension, with mean systolic
blood pressures >200 mmHg (Goldblatt et al. 1934; Wilson and Byrom 1939; Wilson and
Byrom 1940). Under these conditions, the contralateral kidney, despite low renin expression,
develops interstitial fibrosis, tubular atrophy, interstitial inflammation, glomerulosclerosis,
and hyalinosis (Mai et al. 1993; Sebekova et al. 1998; Kobayashi et al. 1999; Gauer et al. 2003).
These chronic tubulointerstitial alterations are associated with increased TGF-8 expression
(Wenzel et al. 2003). Reported histopathologic alterations in the stenotic kidney are variable,
and range from minimal alterations (Eng et al. 1994) to focal interstitial fibrosis and tubular
atrophy without significant glomerulosclerosis (Wenzel et al. 2002).

In a rat 2K1C model that develops moderate hypertension (mean arterial pressure 158
mmHg), atrophy of the stenotic kidney and hypertrophy of the contralateral kidney is
observed. The stenotic kidney shows increased staining for renin associated with interstitial
fibrosis and tubular atrophy, with minimal alterations observed in the contralateral kidney
(Richter et al. 2004). In this model, COX-2 inhibitors significantly reduce interstitial fibrosis
in the stenotic kidney (Richter et al. 2004).
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The 2K1C model has been established in mice using a clip of 0.12 mm (Wiesel et al. 1997).
Four weeks after clipping, these investigators reported that 2K1C hypertensive mice
exhibited blood pressure approximately 20 mm Hg higher than their sham operated
controls. We have recently defined the histopathologic alterations connected with renal
artery stenosis in animal model (Figure 1) (Cheng et al., 2009) and human (Keddis et al.,
2010). In a murine model of 2K1C of RVH, we found that both the clipped and the
contralateral kidney underwent minimal histopathological alterations during the first two
weeks following surgery. Subsequently, the clipped kidney underwent atrophy, with
generalized tubular atrophy, interstitial fibrosis and focal mononuclear infiltrates, whereas
the contralateral kidney underwent hypertrophy/hyperplasia with minimal histopathologic
alterations (figure 2). We propose that the murine 2K1C model is a good model of
renovascular disease in humans with moderate hypertension. These animal models have
helped to elucidate and suggest which cytokines and pathways are involved in RVH. Of
these, the renin-angiotensin-aldosterone system, long known to have effects on the
hemodynamics of RAS, is becoming more interesting for the inflammatory effects it causes
as well.

Tt

Fig. 1. Gross picture of the stenotic and contralateral kidney of mice (A) after placement of
renal artery clip, the 2K1C model, compared to (B) sham procedure.

staining.



52 Recent Advances in Cardiovascular Risk Factors

1.2 The Renin-Angiotensin System and renovascular disease

Though its normal function is to preserve organ perfusion by regulating sodium and water
balance, extracellular fluid volume and cardiac activity, the Renin-Angiotensin-Aldosterone
System (RAAS) also plays an integral part in RVH. The RAAS has been found to be
significantly activated in the presence of RAS. It is known that the increase in blood pressure
caused by the RAAS has significant detrimental effects on the body, but it may also play a
number of other roles in the development and progress of RVH.

Renin is made primarily by the juxtaglomerular cells in the Juxtaglomerular apparatus in
response to 1) low pressure in the afferent renal artery, 2) sympathetic nervous system
activity 3) A-Il levels and 4) low sodium delivered to the macular densa in the distal
convoluted tubule of the nephron. Other signals, such as potassium concentration, atrial
natruretic peptide and endothelin also modulate renin synthesis. Renin enzymatically
converts angiotensinogen, made in the liver, to angiotensin I. ACE, synthesized primarily in
the lungs (though also in other tissues), then converts angiotensin I to A-II, a significantly
biologically active molecule. A-II, in addition to its numerous tissue effects, induces the
synthesis of aldosterone in the zona glomerulosa of the adrenal medulla, which then acts on
mineralocorticoid receptors throughout the body, though when considering RAS, their most
notable function is in the kidney (Laragh et al., 1992). This pathway is also located
completely within other organs, including, the kidney. The proximal tubule, interstitium
and medulla of the kidney have higher-than-systemic concentrations of A-II, because of
local synthesis, which allows it to act in a paracrine function (Johnston et al., 1992). A-1I and
aldosterone can also be synthesized through an ACE-independent pathway, which is what
allows for the return to normal A-II levels in the presence of ACE inhibition. This effect is
also particularly prominent in the kidneys, where an estimated 40% of renally-synthesized
A-II does not rely on ACE (Hollenberg, 1999).

A-II acts on 2 different receptors (angiotensin receptor type 1, or AT-1, and angiotensin
receptor type 2, or AT-2) producing very different biological responses. Of these, AT-1
appears to play the most significant role in renal vascular disease (AT-2 is mostly known for
its role in fetal organ development). Stimulation of the AT-1 receptor is best known for its
systemic vasoconstrictive effects, and its vasoconstrictive effects on the efferent renal
arteriole. The former causes general rises in systolic blood pressure, while the later decreases
renal plasma flow, but increases glomerular filtration fraction. AT-1 stimulation also causes
salt-retention through a number of mechanisms, increasing blood pressure even further
(Dzau & Re, 1994; Liu & Cogan, 1989; Brewster & Perazella, 2004). A-II also mediates non-
hemodynamic effects. A-Il has the ability to promote fibrosis through a number of
mechanisms, including induction of collagen synthesis, inhibition of collagen-cleaving
proteases, stimulation of the secretion of platelet-derived growth factor, and, most
interestingly, direct stimulation of TGF-p receptor type II(Luft, 2003; Wolf, 2000). AT-1
stimulation also has the ability to promote fibrosis by up-regulating expression and
synthesis of NF-xB and thus TGF-f, as well as a number of other cytokines (Tsuzuki, 1996).
Downstream, aldosterone, in addition to its hypertensive effects mediated through the
mineralocorticoid receptor, also up-regulates the expression of TGF-$ (Juknevicius et al.,
2000). These studies have supported a widespread use of RAAS inhibitors (ACE-inhibitors,
AT-1 inhibitors and aldosterone receptor inhibitors) to prevent renal disease progression.
However, there is concern with the often-seen deleterious effects on renal function of the
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stenotic kidney caused by these anti-hypertensive agents. With already compromised blood
flow, concern about increased damage to the ischemic kidney must be weighed with the
benefits to the contralateral kidney (Jackson et al, 1986). With substanstial arterial
obstruction, simply reducing perfusion pressure can reduce post-stenotic blood flow beyond
that required for metabolic demands in the kidney. Early experimental studies in rats
emphasized the potential for irreversible damage to the clipped kidney in animals treated
with ACE inhibitors, resulting in “medical nephrectomy” (Jackson, 1990). However, it is
important to note that this adverse reaction can develop with any forms of antihypertensive
therapy (Textor et al., 1983). The risk factors for this adverse event include older age groups,
pre-existing renal dysfunction, and episodes of acute illness leading to volume depletion
(such as diarrhea or reduced intake during diuretic administration) (Speirs, et al., 1988).

With the increasing evidence of the involvement of TGF-p in RAS induced damage, the role
of the RAAS in RAS, especially with respect to its induction of an inflammatory response, is
being re-thought. There should be careful consideration and evaluation of the role of the
immunologic and cytokine-associated effects of RAAS in the pathological process and
initiation of RAS induced kidney damage. Such research may shed new light on whether the
benefits of RAAS inhibition outweigh the costs in patients with RAS.

1.3 TGF-B and renovascular disease

Mechanisms underlying the differential response of the stenotic and contralateral kidney
during the development and progression of RVH have not been adequately defined, despite
numerous studies (Goldblatt et al., 1934; Martinez-Maldonado, 1991; Carretero, 1991). TGF-
B is involved in a number of processes relevant to the development of RVH, including cell
cycle regulation leading to hypertrophy and/or apoptosis, MAPK activation, inflammation,
and extracellular matrix synthesis (Cheng & Grande, 2002).

It is well recognized that TGF-f plays a central role in fibrotic diseases (Cheng & Grande,
2002; Border et al., 1990; Border & Noble, 1994, 1997; Border & Ruoslahti, 1992). All aspects
of fibrogenesis have been shown to be regulated by TGF-B, including the initial
inflammatory phase in which infiltrating inflammatory cells and macrophages set the stage
for the subsequent fibrotic phase in which activated fibroblasts and myofibroblasts
contribute to the pathogenic accumulation of matrix (Cheng et al., 2005). In the past few
years, receptors and signal transduction pathways mediating the effects of TGF-f on cells
have been identified, enabling the identification of specific pathways involved in pathogenic
events dependent on this cytokine. TGF-f} signals through a set of transmembrane receptor
serine/threonine kinases unique to the larger superfamily of TGF-B-related proteins. The
active heteromeric receptor complex is formed by binding of ligand to a type II receptor,
recruitment and activation of the type I receptor kinase, and phosphorylation of intracellular
mediating target proteins (Massague, 1992, 1998; Attisano et al., 1994). Increased TGEF-
B receptor expression is observed in experimental glomerulonephritis (Shankland et al.,
1996, Tamaki et al., 1994). In experimental renal disease associated with epithelial to
mesenchymal transformation, TGF-} type 1 receptor expression is increased in tubular
epithelial cells (Yang & Liu, 2002). Downstream mediators are the Smad family of
proteins (Piek et al., 1999). Smad2 and 3 are phosphorylated directly by the type I receptor
kinase, after which they partner with Smad4 and translocate to the nucleus where they act
as transcriptional regulators of target genes, including those essential for apoptosis,
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inflammation, differentiation, and growth inhibition (Massague & Wotton, 2000; Derynck et
al., 1998; Attisano et al., 2001). TGF-B plays a critical role in chronic inflammatory changes of
the interstitium and extracellular matrix accumulation during fibrogenesis (Cheng &
Grande, 2002; Grande et al.,, 1997, 2002). TGF-f initiates the transition of renal tubular
epithelial cells to myofibroblasts, the cellular source for extracellular matrix deposition,
leading to irreversible renal failure (Yang & Liu, 2001; Iwano et al., 2002; Li et al., 2002).

A predominant role of TGF-81 in regulation of extracellular matrix deposition is highlighted
in our published studies employing renal tubular epithelial cells derived from animals
bearing a homozygous deletion of the TGF-B1 gene (Grande et al, 2002). Although the most
direct means to test the hypothesis that T TGF-B1 plays a central role in the development of
RVH would be to perform these studies in mice bearing homozygous deletion of the TGF-1
gene, the phenotype of these animals precludes such studies. TGF-f1 KO animals have an
extremely high rate of embryonic lethality, and the few surviving mice develop a systemic
inflammatory syndrome, leading to their death within 2-4 weeks of age (Letterio et al, 1994;
Martin et al., 1995; Kulkarni & Karlsson, 1993; Boivin et al., 1995). For this reason, more
recent studies have employed mice with genetic manipulation of the Smad proteins to
define potential mechanisms by which the TGF- signaling pathway is involved in chronic
tissue injury. Smad3 KO mice show accelerated healing of wounds, in association with
decreased local inflammation (Ashcroft et al., 1999). Smad3-null mice have been used in
several chronic injury models, including ureteric obstruction (Sato et al., 2003). In WT mice,
unilateral ureteric obstruction (UUO) produces extensive interstitial fibrosis and tubular
atrophy, with TGF-B1-driven epithelial to mesenchymal transformation of tubular epithelial
cells, as evidenced by reduction in E-cadherin staining and de novo induction of a-smooth
muscle actin (a-SMA) staining. This is associated with extensive influx of monocytes. In
Smad3 KO animals subjected to UUO, there was a marked reduction in interstitial fibrosis, and
epithelial to mesenchymal transformation, indicating that the Smad pathway is necessary for
epithelial to mesenchymal transformation by TGF-f3 (Itoh et al., 2003; Yu et al., 2002).

1.4 MAPK pathways and renovascular disease

It is well recognized that cellular adaptive responses to environmental stimuli, including
hypertrophy, hyperplasia, and atrophy associated with increased apoptotic activity, are
transduced through the MAPK pathway(s) (Kyriakis 2000; Kyriakis and Avruch 2001).
Cardiac hypertrophy in A-II dependent hypertension is associated with activation of p38,
whereas ERK and JNK are preferentially stimulated in an A-II independent model of RVH
(Pellieux et al. 2000). The development of hypertension is associated with persistent ERK
activation in the aorta of Dahl salt-sensitive rats and stroke-prone spontaneously
hypertensive rats (Kim et al. 1997; Hamaguchi et al. 2000). In human diabetic nephropathy,
there is increased immunohistochemical staining for p-ERK in glomeruli which correlates
with the severity of glomerular lesions and increased p-p38 staining which correlates with
severity of tubulointerstitial lesions and number of CD68-positive macrophages (Adhikary
et al. 2004; Toyoda et al. 2004; Sakai et al. 2005). Hypertension accelerates the development
of diabetic nephropathy in a rat model of type 2 diabetes through induction of ERK and p38,
as well as TGF-B (Imai et al. 2003). Similarly, the p38 and JNK pathways are activated in the
early stages of experimental proliferative glomerulonephritis, whereas the ERK pathway is
persistently activated (Bokemeyer et al. 1998). Both p38 and JNK are activated in
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experimental anti-glomerular basement membrane antibody mediated glomerulonephritis
(Stambe et al. 2003). In a variety of other human renal diseases, p-ERK expression is
observed in regions of tubulointerstitial damage, within a-SMA positive myofibroblasts
(Masaki et al. 2004). In cultured cells, ERK is involved in epithelial to mesenchymal
transformation (Li et al. 2004; Xie et al. 2004; Yang et al. 2004). We have previously identified
ERK, p38, and JNK as essential intermediates for MC mitogenesis, and ERK and p38 as
essential intermediates for TGF-f stimulated collagen IV mRNA expression and MCP-1
production (Cheng et al. 2002; Cheng et al. 2004). We have also shown that ERK is
significantly upregulated in a rat model of salt sensitive hypertension (Diaz et al., 2008).
Others have shown that p38 activation is necessary for TGF-§ stimulation of fibronectin
production (Suzuki et al. 2004).

The MAPK pathways are involved in regulation of cell cycle arrest and apoptosis, which is
of direct relevance to the renal atrophy which occurs in the stenotic kidney of the 2K1C RAS
model. Activation of ERK is necessary for TGF-B-mediated induction of p21 and cell cycle
arrest (Hu et al. 1999). High glucose promotes hypertrophy of MC through ERK mediated
phosphorylation of p27 (Wolf et al. 2003). Activation of p38 or JNK is frequently associated
with cell cycle arrest or apoptosis (Cardone et al. 1997; Frasch et al. 1998). Induction of
apoptosis in MC requires sustained activation of JNK (Guo et al. 1998). Apoptosis and other
cellular responses may be directed by a balance between ERK and JNK activation (Xia et al.
1995).

Based on these considerations, there has been intense interest in developing low molecular
weight pathway specific MAPK inhibitors as therapeutic agents to treat cancer and
fibroproliferative inflammatory conditions (Duncia et al. 1998; Sebolt-Leopold et al. 1999;
Clemons et al. 2002; Duan et al. 2004; Sebolt-Leopold and Herrera 2004; Jo et al. 2005;
McDaid et al. 2005). These agents have been employed in experimental renovascular
disease, with mixed results. The ERK inhibitor U0126 was effective in reducing acute renal
injury in an experimental mesangial proliferative glomerulonephritis model (Bokemeyer et
al. 2002). In human renal diseases associated with injury to podocytes, p38 is induced. The
p38 inhibitor FR167653 prevents renal dysfunction and glomerulosclerosis in chronic
adriamycin nephropathy (Koshikawa et al. 2005) and in experimental crescenteric
glomerulonephritis (Wada et al. 2001). Similarly, the p38 inhibitor NPC31145 reduced acute
inflammatory injury in an experimental anti-glomerular basement membrane
glomerulonephritis model (Stambe et al. 2003). On the other hand, the p38 inhibitor
FR167653 increased proteinuria in a passive Heymann nephritis model of podocyte injury
(Aoudjit et al. 2003), suggesting that activation of p38 protects podocytes from complement
mediated injury. Furthermore, the p38 inhibitor NPC31169 exacerbated renal damage in a
remnant kidney model due to in vivo induction of ERK (Ohashi et al. 2004).

1.5 The role of inflammation in renovascular disease

RVH initiates activation of the renin-angiotensin system and structural remodeling,
evidenced by fibrosis and vascular deterioration in the affected kidney. Although the renin-
angiotensin system tends to resolve once a stable blood pressure (BP) is reached, it has been
suggested that transient elevation of plasma A-II could precipitate macrophage infiltration,
thereby initiating an inflammatory response within the kidney (Ozawa et al., 2007). This
inflammatory cascade may well underlie the degenerative processes within the kidney as its
renal artery begins to narrow.
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We performed PCR array studies of renal homogenates obtained from mice subjected to RAS
or sham surgery. The results of our PCR Array studies (Table 1) implicate monocyte
chemoattractant protein-1 (MCP-1) as a key chemokine in this inflammatory response. In
addition to infiltrating inflammatory cells, tubular epithelial cells of the stenotic kidney of mice
exposed to RAS express high level of MCP-1 (figure 3). Our findings are in accord with those
of other investigators who have studied renovascular hypertension. High salt diet in DSS rats
caused expression of NADPH oxidase and MCP-1 in the dilated renal tubules and resulting in
interstitial inflammation and migration of mononuclear cells (Shigemoto et al., 2007). Increased
MCP-1 levels also seem to stimulate TGF-p formation in glomerular cells despite the absence
of infiltrating inflammatory cells (Wolf et al., 2002). Studies in the swine model of renovascular
hypertension using bindarit, a selective MCP-1 blocker, show that inhibition of MCP-1 confers
renal protective effects by blunting renal inflammation and reducing the level of collagen
deposition, thereby preserving the kidney in chronic RAS (Zoja et al., 1998; Zhu et al., 2009). 1t
was further indicated that MCP-1 contributes to functional and structural impairment in the
RAS kidney, specifically in the tubulo-interstitial compartment.

Gene function | Gene symbol | Gene name Fold change
Inflammation | Ccl2 MCP-1 (monocyte chemoattractant protein 2) | +43

Ccl3 MIP-1a (macrophage inflammatory protein | +22
1a)

Ccl4 MIP-1p (macrophage inflammatory protein | +8
1p)

Ccl5 RANTES (regulated upon activation, normal
T-cell expressed and secreted cytokine)

Ccl7 MCP-3 (monocyte chemoattractant protein 3) | +153

Ccl8 MCP-2 (monocyte chemoattractant protein 2) | +149

Ccl12 MCP-5 (monocyte chemoattractant protein 5) | +56

Ccl20 MIP-3a (macrophage inflammatory protein | +105
3a)

Ccl22 MDC (macrophage derived chemokine) +41

Cer2 Chemokine (C-C motif) receptor 2 +30

Cer3 Chemokine (C-C motif) receptor 3 +35

Ccr4 Chemokine (C-C motif) receptor 4 +6

Cxcl2 MIP-2a (macrophage inflammatory protein | +208
2a)

Cxcl3 MIP-2p (macrophage inflammatory protein |+7
2p)

Cxcl5 AMCE-II (alveolar macrophage chemotactic |+653
factor)

Cxcl9 Mig (monokine induced by y-interferon) +5

IL1la Interleukin-1a +18

IL1p Interleukin-1p +11

Table 1. PCR array results of proinflammatory cytokine expression in stenotic kidneys of
RAS mouse
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Fig. 3. MCP-1 staining in the (A) contralateral kidney and (B) stenotic kidney of C57BLKS
mouse 4 weeks after placement of renal artery clip.

At a cellular level, it is apparent that the renal artery stenosis did elicit an inflammatory
cascade in the kidney as evidenced by macrophage infiltration, the rise in MCP-1 and its
receptor chemokine (C-C motif) receptor 2 (CCR2), NF«B, protein kinase C (PKC) and TGF-
B. Remarkably, we also saw transient increase in MCP-1 and TGF-f in the contralateral
kidney which indicates some inflammatory process taking place despite lack of
inflammatory cells and/or tissue damage. It is apparent that blockade of the MCP-1 receptor
does offer renal protection and prevents the progressive fibrosis development in
renovascular hypertension. Elucidating the underlying mechanisms of this protection will
allow us to develop preventive measures and novel therapeutic interventions that could
possibly be applied to other renal diseases.

1.6 Therapeutic implication

Hypertension is one of the most common reasons for a visit to a physician. There are several
key issues that need to be addressed during evaluation of a patient with hypertension:
accurate blood pressure reading, determination of target organ damage due to
hypertension, screening for other cardiovascular risk factor, stratification of cardiovascular
disease, and assessment for the cause of hypertension (primary vs. secondary hypertension).
Thorough assessment of the cause of hypertension is essential for determining the correct
treatment approach, especially in children where atherosclerosis is not common. For
children with hypertension, it is necessary to consider genetic diseases (i.e. coarctation of the
aorta, primary aldosteronism) and auto-immune diseases (i.e. post-infectious-
glomerulonephritis). When initiating treatment, it is important to maintain low systolic
pressure as systolic pressure is a stronger predictor of cardiovascular event (Mancia et al.
2009; Cherubini et al. 2010). Maintenance of blood pressure goal should ideally be achieved
within 6 to 9 months of therapeutic initiation.

2. Conclusion

Optimal management of renovascular hypertension requires an understanding of the
disease process and remains an important challenge for clinicians caring for patients with
hypertension. Although the pathophysiology and the consequence to human health caused
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by RVH are well understood, the exact mechanism by which the stenosis of the renal artery
induces the damage is not. Revascularization studies have demonstrated highly variable
results, with significant improvement in a small subset of patients, but an overall lack of
justification of the risks, when applied to large groups of patients (Textor et al., 2009). While
parsing out why some patients benefit while others do not will be an important task in the
years to come, the more significant benefit will be from determining the reasons for the
continued renal damage in the majority of revascularized patients. Developing novel
therapies to address these yet-unknown pathological processes will yield benefit for all RAS
patients. Recent studies implicate the non-hemodynamic effects of the renin-angiotensin-
aldosterone system and the inflammatory chemokines as possible initiating signals for the
atrophic, inflammatory and fibrotic changes seen. Elucidating, more thoroughly, the role
these pathways play in renal damage due to RAS could identify new targets for therapeutic
intervention and the first biomarkers to aid in diagnosis, limiting the need for costly and
damaging imaging studies. Many questions remain to understand how these pathways are
initiated, how they interact and how they ultimately lead to renal damage. What cells first
sense the stenosis, and how do they sense it? Which of the pathways contribute to damage
and which are necessary to preserve kidney function? The answer to these and other such
questions hold the possibility to further the science, diagnostics and treatment of
renovascular hypertension, and to improve the lives of the millions it affects.
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1. Introduction

Psoriasis, a papulosquamous skin disease, was originally thought to be a disorder primarily
of epidermal keratinocytes, but is now recognised as one of the commonest immune-
mediated disorders. It is a chronic skin disorder that causes areas of thickened, inflamed,
red skin, often covered with silvery scales. Worldwide psoriasis prevalence rates range from
0.6 percent to 4.8 percent. Children and adolescents can develop psoriasis, but it occurs
primarily in adults. There seem to be two peaks in onset: one between ages 20 and 30 and
another between 50 and 60. Women and men are equally affected. The immune system is
involved and appears to be overactive in a way that causes inflammation. Specifically, there is
excessive production of T-Helper 1 cytokines, particularly TNFa. These have many effects,
including growth of extra blood vessels within the skin and increased turnover of the skin
cells. Like most diseases, psoriasis is influenced by inherited characteristics. Up to 50% of
people with psoriasis will know of another affected family member. Patients with a family
history of psoriasis tend to develop psoriasis earlier in life than those without a family history.

It is associated with comorbidities that include metabolic syndrome and increased
cardiovascular risk. These conditions share etiologic features and health consequences that
directly correlate with the severity of psoriatic disease. Up to thirty percent of patients with
psoriasis develop psoriatic arthritis, this is an erosive, seronegative arthritis, which is
associated with inflammation of tendon insertion points (enthesitis). An increased risk of
cardiovascular disease was first noted in patients with rheumatoid arthritis and it became
apparent that chronic inflammation was associated with increased risk of cardiovascular or
cerebrovascular disease.

While heart disease remains a quiet killer, psoriasis is a visible disease whose impact on
social interaction and quality of life usually prompt earlier physician consultation. Psoriasis
patients are at increased risk of being obese and therefore are at greater risk than the general
population to develop myocardial infarction, metabolic syndrome and other comorbidities.
It has become evident that patients with psoriasis and psoriatic arthritis have an increased
incidence of cardiovascular disease and also certain cardiovascular risk factors such as
smoking, hypertension and metabolic syndrome compared to the normal population. They
also have increased non-conventional risk factors such as raised levels of homocysteine and
excessive alcohol consumption.
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2. Psoriasis, psoriatic arthritis and cardiovascular disease

An association between psoriasis and cardiovascular risk was first described in 1978.
Patients with psoriasis in an outpatient clinic had 2.2 times higher incidence of venous and
arterial vascular disease in a clinic-based control study (McDonald & Calabresi, 1978).
Gelfand and colleagues published a large cross -sectional study of the UK General Practice
Database reporting a higher death rate from cardiovascular disease in those with severe
psoriasis compared to the general population (Gelfand et al.,2006). The investigators
controlled for diabetes, hyperlipidaemia, hypertension, body mass index, age, sex and
smoking and found that psoriasis appeared to confer an independent risk for myocardial
infarction. This risk is greater in younger patients (Gelfand et al.,2006). A second group
utilising the same data found an increased incidence of risk factors for cardiovascular
disease, as well as increased rates of myocardial infarction, angina, stroke and peripheral
vascular disease (Henseler & Christophers, 1995). Patients were also found to have an
increased risk of cardiovascular mortality that is independent of traditional cardiovascular
risk factors (Mehta et al., 2010). More recently, a study has shown that psoriasis conferred an
additional 6.2% absolute risk of 10 year major adverse cardiac events after adjusting for age,
gender, diabetes, hypertension, tobacco use and hyperlipidaemia (Mehta et al., 2011).

A hospital based study from Sweden, Germany and Finland previously documented
increased rates of risk factors such as hypertension, diabetes and obesity in patients with
psoriasis. Poikolainen and Mallbris found that patients with severe psoriasis who required
hospitalisation for treatment of their psoriasis had increased mortality from cardiovascular
disease (Mallbris et al, 2004; Poikolainen et al., 1999). Patients managed as out-patients
however did not have excess risk, suggesting that more severe disease was associated with a
higher risk of cardiovascular disease. In a Danish nationwide cohort study, psoriasis was
shown to be associated with increased risk of adverse cardiovascular events and all cause of
mortality especially in young patients with severe disease (Ahlehoff et al., 2011).
Furthermore, a separate Danish study showed that psoriasis significantly impaired
prognosis in patients after myocardial infarction (Ahlehoff et al., 2011).

An observational study by Prodanovich and colleagues examined the cardiovascular risk
factors in psoriasis and found psoriasis to be associated with atherosclerosis and this
association applies to coronary artery, cerebrovascular and peripheral vascular diseases
(Prodanovich et al.,, 2009). A cross sectional prevalence-based study from 2 American
healthcare databases showed an increase prevalence of cardiovascular diseases and risk
factors in patients with psoriasis compared with general population (Kimball et al., 2008). In
Israel, Shapiro and colleagues showed a strong association between psoriasis,
atherosclerosis, heart failure and diabetes (Shapiro et al., 2007). In addition to large clinical
studies, several studies have documented subclinical cardiovascular disease.

A Chinese study showed that young patients with psoriasis have increased arterial stiffness
compared with healthy controls. More importantly, CRP positively correlated with, and
independently predicted, arterial stiffness. This suggests that systemic inflammation in
patients with psoriasis is associated with premature atherosclerosis (Yiu et al., 2011). In
another Asian study, Mazlan and colleagues also showed that there was a significant
association between cardiovascular risk and intima-media thickness in psoriatic arthritis
patients. However, it was not associated with disease activity, disease severity and
DMARDS therapy (Mazlan et al., 2009). Karadag and colleagues demonstrated a significant
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endothelial dysfunction and increased insulin resistance in patients with psoriasis (Karadag
et al., 2010). In a separate Turkish study, aortic elasticity in patients with psoriasis was
found to be significantly lower than the control group. In psoriatic patients without cardiac
involvement, aortic elasticity was decreased and this decrease was correlated with the
duration and severity of the disease (Bicer et al., 2009). A study by El-Mongey and colleague
showed an increase in carotid artery intima-media thickness in patients with chronic
psoriasis suggesting that chronic psoriasis is associated with subclinical atherosclerosis with
increased risk of cardiovascular disease (El-Mongy et al., 2010). Patients with psoriatic
arthritis also had a higher prevalence of subclinical atherosclerosis as measured by intima-
media wall thickness (Eder et al., 2008; Kimhi et al., 2007) and endothelial dysfunction even
without any overt cardiovascular disease (Gonzalez-Juanatey et al., 2007). More recently,
subclinical left ventricular dysfunction has also been shown in psoriatic arthritis patients
who had no established cardiovascular disease or risk factors (Shang et al., 2011). Risk
factors for cardiovascular disease as well as other vascular diseases were shown by Kaye
and colleagues to occur with higher incidence in patients with psoriasis than in the general
population (Kaye et al., 2008). The study by Jamnitski and colleague showed the prevelance
of cardiovascular diseases in psoriatic arthritis resembles that of rheumatoid arthritis
(Jamnitski et al., 2011).

There are several theories to explain the association between psoriasis and increased
cardiovascular risk. Both psoriasis and atherosclerosis involve Th-1 lymphocytes and
cytokines and it is suggested that the excess inflammatory cells and mediators produced in
psoriasis may contribute to the development of atherosclerotic plaques. A recent case-
control study in 2011 on inpatients with psoriasis and dermatitis by Shapiro and colleagues
supports previous reports of an association between psoriasis and CVD risk factors,
suggesting that the inflammatory process in psoriasis, but not in dermatitis which is a T
helper-2 mediated condition is involved in athersclerosis (Shapiro et al, 2011).
Subsequently, Armstrong and colleagues have investigated the different inflammatory
pathways which are common in psoriasis and atherosclerosis. They have found that
psoriasis and atherosclerosis are diseases in which effector T lymphocytes such as Helper T
cells type 1 (Thl) and 17 (Th17) play integral roles in disease pathogenesis and progression.
Regulatory T cells (Treg) also exert clinically important anti-inflammatory effects that are
pathologically altered in psoriasis and atherosclerosis. These shared pathways provide the
basis for mechanisms that may explain the epidemiologic observation that patients with
psoriasis have an increased risk of heart disease (Armstrong et al., 2011).

In patients with psoriatic arthritis, it was shown recently that better control of
inflammation with TNF-alpha blockers may inhibit the cascade that causes raised vascular
risks in this cohort of patients. They were found to have thinner carotid intima-media
thickness compared to those who were treated with DMARDs (Di Minno et al., 2011).
With these findings, it is possible that control of chronic inflammation in these patients
may have a significant role in preventing vasculopathy. Apart from this, screening and
modification other cardiovascular risk factors in these patients should form part of their
assessment.

Cardiovascular risk factors found with increased frequency in patients with psoriasis
include conventional cardiovascular risk factors such as obesity, diabetes mellitus,
hypertension, dyslipidaemia and smoking. Oxidative stress, endothelial cell dysfunction,
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abnormal platelet adhesion and hyperhomocysteinemia which may also increase
cardiovascular risk have all been reported to occur with greater prevalence in psoriasis.

3. Conventional risk factors in psoriasis
3.1 Smoking and psoriasis

Smoking and psoriasis have been associated by several studies and from the disease
perspective, it appeared to have an adverse effect with treatment response and patients in
this cohort seem to have more severe disease. There is an increased rate of smoking in
patients with psoriasis compared to controls (Christophers, 2001; Griffiths & Barker, 2007;
McDonald & Calabresi, 1978; Stern et al., 2004; Veale & Fitzgerald, 2002). Poikolainen and
colleagues found that smoking is a risk factor for psoriasis in women. Negative life events
and smoking were more common among psoriasis patients than among controls
(Poikolainen et al., 2004). Furthermore, the risk for psoriasis was higher in ex-smokers and
current smokers compared to individuals who had never smoked (Mills et al., 1992; Naldi et
al., 1999,2005; Poikolainen et al., 2004; Williams, 1994).

Behnam and colleagues found that women who are smokers have an up to 3.3-fold
increased risk of developing plaque-type psoriasis. Men who are smokers do not exhibit
such an increased risk, but studies have shown that smoking more than 10 cigarettes per
day by men who are psoriasis patients may be associated with a more severe expression of
disease in their extremities. In addition, smoking among both men and women who are
psoriasis patients has been shown to reduce improvement rates (Behnam et al., 2005).
Smoking also adversely affects the natural history of psoriasis in both genders especially in
those who smoked more than 20 cigarettes a day. An Italian hospital-based cross-sectional
study by Fortes and colleagues showed high intensity of smoking (>20 cigarettes daily) vs a
lower level of consumption (< or =10 cigarettes daily) was associated with a more than 2-
fold increased risk of clinically more severe. Separate analyses for men and women showed
that the effect of cigarette-years was stronger for women (Fortes et al., 2005). Therefore,
patients with psoriasis who smoke tend to have a less favourable outcome and disease that
is more difficult to control.

Some researchers have found that heavier smokers have a greater risk of developing
psoriasis and this only falls back to normal 20 years after quitting. There are good reasons
for these patients to cease smoking to improve their psoriasis and more importantly, for
their general health (Behnam et al., 2005; Fortes et al., 2005; Setty et al., 2007).

3.2 Hypertension and psoriasis

The association between elevated blood pressure and psoriasis was first described in 1977
and further studies showed an increased prevalence of essential hypertension in patients
with psoriasis (Gisondi et al., 2007). In these patients, their hypertension is likely to be more
severe and requires more medication to control it.

Enhanced activity of the renin-angiotensin system (Cohen et al., 2008) and increased levels
of endothelin-1 released from vascular endothelium (Binazzi et al., 1975) were factors that
contribute to the increased incidence of hypertension in patients with psoriasis. More
recently, a hospital-based case-controlled study by Armesto and colleague evaluated the
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prevalence of hypertension in psoriasis based on a sample of Spanish population. The
prevalence of hypertension was significantly higher in psoriasis patients than controls
(Armesto et al.,, 2011). Armstrong and colleague showed that compared to hypertensive
patients without psoriasis, psoriasis patients with hypertension were 5 times more likely to
be on a monotherapy antihypertensive regimen, 9.5 times more likely to be on dual
antihypertensive therapy, 16.5 times more likely to be on triple antihypertensive regimen,
and 19.9 times more likely to be on quadruple therapy or centrally-acting agent (Armstrong
etal., 2011).

3.3 Dyslipidaemia and psoriasis

Several mechanisms including unhealthy lifestyle, activation of T Helper-1 lymphocytes and
autoantibodies recognizing oxidized low-density lipoprotein may induce dyslipidaemia in
psoriatic patients. Moreover, the levels of antibodies against oxidized low-density
lipoprotein correlate with the disease activity. A large study on lipid profile at the onset of
psoriasis showed significantly higher very low-density lipoprotein and high density
lipoprotein fractions (Mallbris et al., 2006). This study was controlled for gender, blood
pressure, BMI, physical activity, smoking and alcohol consumption. Later, a large cross-
sectional study using a population-based database by Dreiher and colleagues found that
psoriatic patients had higher triglyceride and lower high-density lipoprotein cholesterol
levels compared to control (Dreiher et al., 2008).

In a separate study, children with psoriasis were found to have elevated total plasma
cholesterol and HDL cholesterol and a decrease in the ratio of HDL to LDL cholesterol
(Ferretti et al.,1993,1994). Dyslipidaemia observed in patients with psoriasis is compounded
by increased oxidative stress and decreased anti-oxidant capacity. Autoantibodies
recognizing oxidized LDL have been found in psoriasis, with their levels correlating with
disease activity as measured by PASI (Offidani et al., 1994).

More recently, it has been suggested that statin therapy may have beneficial effects by
downregulating lymphocyte function-associated antigen-1, inhibiting leukocyte endothelial
adhesion, extravasation and natural Kkiller cell activity, all of which are key to the
development of psoriasis lesions. They also reduce levels of proinflammatory cytokines such
as tumour necrosis factor-alpha, interleukin 1 and 6, lowering C-reactive protein promote T
(H) 1 cytokine receptors on T cell, leading to inhibition of activation of lymphocytes and
infiltration into inflammatory sites.

Overall, statin therapy for associated dyslipidaemia in patients with psoriasis has shown
clinical improvement due to its immunomodulatory and anti-inflammatory effects
(Ghazizadeh et al., 2011).

3.4 Diabetes mellitus and psoriasis

The association between psoriasis and hyperglycaemia was documented as early as 1967
(Lynch, 1967). Since then, numerous studies have confirmed the association between
psoriasis, hyperglycaemia and relative insulin resistance (Fratino et al., 1979; Neimann et al.,
2006; Pelfini et al., 1979; Reynoso-von Drateln et al., 2003; Sommer et al., 2006). A cross-
sectional study by Ucak and colleagues found that psoriatic patients were more insulin
resistant than healthy subjects and type II psoriatics(late onset) were more susceptible than
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type I psoriatics(onset before 35 years of age) to develop impaired glucose tolerance (Ucak et
al., 2006). Qureshi and colleagues found that women with psoriasis were 63% more likely to
develop diabetes and around 17% more likely to develop hypertension, than women
without psoriasis (Qureshi et al., 2009). Genetic analysis of two non-major histocompatibility
complex (MHC) in patients with psoriasis found the strongest phenotypic marker for a loci
mapping to chromosome 6p22. This marker maps to CDKALL, a gene associated to type 2
diabetes, suggesting a possible role for pleiotropic susceptibility loci for both conditions
(Wol et al., 2008).

Boehncke and colleagues found a significant correlation between the Psoriasis Area and
Severity Index (PASI) score and insulin secretion. The PASI score was significantly correlated
with serum resistin levels, a cytokine known to be increased in insulin resistance (Boehncke et
al., 2007). Patients with psoriasis demonstrate hyperinsulinaemia which correlates with disease
severity (Boehncke et al.,, 2007;Ucak et al., 2006) and increased levels of insulin results in
excessive levels if insulin-like growth factors (IGF) which appear to have a role in epidermal
hyperproliferation in psoriasis (Hodak et al., 1996; Wraight et al, 2000, Xu et al, 1996).
Induction of interleukin-6 and vascular endothelial growth factor has been postulated as
underpinning IGF’s role in the development of psoriatic plaques (Kwon et al., 2000, 2004).

More recently, a cohort analysis by Solomon and colleagues on patients with psoriasis
showed a reduced risk of diabetes mellitus (DM) with the use of a tumor necrosis factor a
(TNF-a)inhibitor or hydroxychloroquine, but not with methotrexate, compared with other
nonbiologic disease-modifying antirheumatic drugs (DMARDs). Evidence suggests a
possible role for DMARDs and immunosuppression in DM prevention (Solomon et al., 2011)
along with adopting a healthy lifestyle, regular physical activity and good nutrition.

3.5 Obesity and metabolic syndrome in psoriasis.

In a case control study, we found that patients with psoriasis had higher Body Mass Index
(BMI) compared to controls (Tobin et al., 2011). Individuals with psoriasis were more likely
than controls to be obese. An increased adiposity and weight gain were strong risk factors
for the development of psoriasis. A case-controlled study by Chen and colleagues found
high levels of leptin more often in females, the obese and those with high blood pressure,
metabolic syndrome and psoriasis. Hyperleptinemia in psoriasis is associated with higher
risk of developing metabolic syndrome, which may be defined as the concurrence of
hypertension, dyslipidaemia, diabetes and central adiposity. This finding links the chronic
inflammation of psoriasis with metabolic disturbances. The high circulating leptin levels in
individuals with psoriasis may derive not only from fat tissue but also from inflammation
(Chen et al., 2008). Body weight loss has been reported to significantly decrease leptin levels
and improve insulin sensitivity and may reduce the likelihood of developing metabolic
syndrome and adverse cardiovascular diseases. Psoriasis and obesity are linked through a
common pathophysiological mechanism of chronic low grade inflammation. Not only is
obesity associated with a higher incidence of psoriasis and greater severity, it also affects
response to treatment. Weight loss could potentially become part of the general treatment of
psoriasis, especially in patients with obesity.

Furthermore, when age, smoking and alcohol intake were all controlled for, there was a
strong association between BMI and psoriasis (Setty et al., 2007).
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Metabolic syndrome has been reported to be strongly associated with psoriasis. A hospital-

based case-control study by Gisondi and colleagues showed a higher prevalence of
metabolic syndrome in patients with psoriasis. These patients were found to be older and
had longer disease duration compared with those without metabolic syndrome. However,
there was no correlation between disease severity and prevalence of this syndrome (Gisondi
et al, 2007). Another case-control study by Cohen and colleagues showed metabolic
syndrome was more common in male psoriatic patients who are above 50 years of age
(Cohen et al., 2008). Management of these patients should also target these metabolic
conditions associated with psoriasis which are significant predictors of a cardiovascular
event. Therefore, healthy diet and lifestyle should be emphasized.

4. Conventional risk factors in psoriatic arthritis

There is less research on cardiovascular disease and risk factors in psoriatic arthritis
compared to psoriasis but it has been shown that patients with psoriatic arthritis have an
increased prevalence of cardiovascular risk factors, type 2 diabetes, hyperlipidaemia and
hypertension.

A slightly different pattern of dyslipidaemia was found in these patients. They had higher
HDL cholesterol and apolipoprotein Al levels, lower total cholesterol and low density
lipoprotein cholesterol levels and lower total cholesterol to HDL cholesterol ratio (Tam et al.,
2008). Older studies have shown that psoriatic arthritis patients with synovitis had lower
total cholesterol, low density lipoprotein (LDL) and high density lipoprotein (HDL)
(Lazarevic et al., 1992; Skoczynska et al., 2003).

Individual components of metabolic syndrome such as hypertension, obesity, insulin
resistance and dyslipidaemia (Jones et al., 2000; Tam et al., 2008) have been reported in
psoriatic arthritis patients but the full spectrum of metabolic syndrome has not been studied
in these patients.

5. Non-conventional risk factors in psoriasis and psoriatic arthritis
5.1 Inflammation

Chronic inflammation is known to play a role in the development of atherosclerosis
involving the innate immune system and T helper-1 lymphocytes (Hansson et al., 2002,
2006). This is similar to the pattern of immune mediated inflammation seen in psoriasis and
with chronic low grade circulating inflammatory cells and cytokines which invoke
endothelial inflammation, could ultimately lead to plaque formation (Wakkee et al., 2007).
The increase prevalence of obesity in psoriasis and psoriatic arthritis may also increase the
burden of inflammation (Hammings et al., 2006).

C - reactive protein is a moderate predictor for cardiovascular disease (Danesh et al., 2004)
and a marker that correlates well with joint inflammation. However, a large Italian study
showed that it is more valuable in severe joint disease (Cervini et al., 2005). In another study,
raised plasma fibrinogen levels are shown to be associated with an increased risk of vascular
events. This may be mediated by adverse effects of fibrinogen on plasma viscosity,
coagulation, platelet activity, inflammation and atherogenesis (Dziedzic, 2008; Kakfika et al.,
2007). It is also known to be elevated in psoriasis and psoriatic arthritis (Marongiu et al.,
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1994; Rocha - Pereira et al., 2004; Vanizor Kural et al., 2003). This would indicate chronic
inflammation and a possible role in increasing cardiovascular risk.

5.2 Endothelial dysfunction

Patients with psoriasis were found to have increased calcification in their coronary arteries
compared to controls. Ludwig and colleagues found a significantly increased prevalence
and severity of coronary artery calcification in patients with psoriasis and is likely to be an
independent risk factor (Ludwig et al., 2007). Chronic inflammation causes endothelial
dysfunction which leads to formation of atherosclerotic plaques in association with raised
plasma lipids. Increased levels of oxidized low density lipoprotein in psoriatic plaques have
been reported compared to controls (Rocha - Pereira et al., 2004; Vanizor Kural et al., 2003).
Oxidized low-density lipoprotein is thought to promote atherosclerosis through complex
inflammatory and immunologic mechanisms that lead to lipid dysregulation and foam cell
formation. Recent findings suggested that oxidized LDL forms complexes with beta2-
glycoprotein I (beta2GPI) and/or C-reactive protein (CRP) in the intima of atherosclerotic
lesions. Oxidative stress has a critical role in causing damage to endothelial cells (Matsuura
et al., 2006).

5.3 Fibronectin and platelets: Atherothrombotic markers

Atherothrombosis results in myocardial infarction, stroke and peripheral vascular disease.
Low levels of fibronectin have been suggested as a marker of atherothrombosis and this has
been shown in patients with psoriasis with active disease and in remission (De Pita et al.,
1996). Increased platelet aggregation has also been found in these patients compared to
controls. Hayashi and colleagues found platelet aggregation was significantly increased in
psoriatics compared with normal controls. An additive effect was observed when diabetes
was associated with psoriasis, with platelet aggregation being further increased by ADP.
The increased platelet aggregation with ADP and epinephrine was significantly reduced
when the skin lesions had cleared (Hayashi et al., 1985).

5.4 Homocysteine

Homocysteine causes endothelial dysfunction and is an independent risk factor for
development of cardiovascular disease (Graham et al., 1997). In a case controlled study we
showed that psoriatic patients have a relative risk 7.1 times greater than controls of having
significantly raised levels of homocysteine (Tobin et al., 2011). This was also found in 2
uncontrolled studies and one in the context of patients who are taking methotrexate (Vanizor
Kural et al., 2003). Refsum and colleagues investigated the effect of low-dose methotrexate on
plasma homocysteine in patients who had psoriasis. Psoriasis patients had significantly higher
basal plasma homocysteine levels (Refsum et al., 1989). High levels of homocysteine have been
documented in small number of patients with psoriatic arthritis (Segal et al., 2004).

5.5 Increased alcohol consumption

Excessive alcohol consumption has been widely documented in patient with psoriasis
(Higgins, 2000) and some researchers believe that drinking large amounts of alcohol
predisposes to psoriasis (Segal et al., 2004). There is a high prevalence of psoriasis in patients
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with alcoholic liver disease (Tobin et al., 2009). Patients undergoing phototherapy for
psoriasis also had an increased prevalence of excessive alcohol intake (Kirby et al., 2011).
Treatment outcome is adversely affected in patients who consume excess alcohol (Gupta et
al., 1993).

Overall, alcohol misuse is common in patients with moderate to severe psoriasis. Proper
screening allows identification of these patients who would benefit from appropriate
intervention. There are limited studies about alcohol consumption in patients with psoriatic
arthritis.

Sporadic heavy drinking (binge drinking) increases the risk of developing coronary heart
disease, the most common form of heart disease. Men nearly double their chances of
developing coronary heart disease by drinking more than eight units of alcohol a day.
Women have a 1.3 times greater risk of developing coronary heart disease when they drink
more than six units a day. Women who persistently drink more than three units of alcohol a
day and men, who drink more than four, are more likely to suffer from the risk factors
associated with cardiovascular disorders such as high blood pressure. Alcohol can increase
levels of homocysteine. High homocysteine levels increase the risk of thrombosis. Long-term
drinking and heavy alcohol consumption is linked with weakness of the heart muscle,
known as cardiomyopathy.

There is evidence to suggest that a regular pattern of drinking relatively small amounts of
alcohol (one or two drinks a few times a week) reduces the risk of heart disease in men over
the age of 40 and post-menopausal women. Therefore, excess amount of alcohol appear to
be harmful whereas small amounts seem to be cardioprotective.

6. Does treatment of inflammation ameliorate cardiovascular risk?

Much has been said about the effects of chronic inflammation on cardiovascular risk factors
and cardiac events. Researchers have tried to investigate if systemic therapy may improve
cardiac biomarkers in patients with severe psoriasis. A German study by Boehncke and
colleagues investigated the effects of continuous systemic therapy on the cardiovascular risk
of patients with severe psoriasis. There was a trend towards reduced serum levels of
vascular endothelial growth factor (VEGF) and resistin, while the potentially cardio-
protective adiponectin showed a trend toward increased serum levels under therapy. This
was parallel to improvement in C-reactive protein, PASI and insulin responsiveness
(Boehncke et al., 2011). The impact on the metabolic state was found to be better if the
psoriatic inflammation was controlled for longer (Boehncke et al., 2011). However,
Abuabara and colleagues investigated on the effect of systemic treatment on the incidence of
myocardial infarction in a control group treated with UVB therapy that has limited systemic
anti-inflammatory effects. The risk of developing myocardial infarction in patients with
severe psoriasis receiving systemic therapy was not reduced compared to a group
undergoing phototherapy (Abuabara et al., 2011).

7. Conclusion

The increased cardiovascular risks in patients with psoriasis and psoriatic arthritis may be
due to higher prevalence of multiple risk factors in these patient cohorts. It is very unlikely
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that all patients with psoriasis and psoriatic arthritis have increased cardiovascular risks.
However, steps should be taken to identify those who are at risk early for intervention. With
the evidence indicating a higher incidence of metabolic syndrome and cardiovascular
disease, it is important for physicians to identify at risk patients and initiate an
interdisciplinary approach for the screening and management of their co - morbidities.
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