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1. INTRODUCTION 
 

Over the past 150 years, there have been numerous efforts to explain the complex events 

leading atherosclerosis. In this endeavor, several hypotheses and the risk factors have 

emerged that currently are under active investigations. However, these hypotheses are not 

mutually exclusive, but rather emphasize different concepts as the necessary and sufficient 

events to support the development of atherosclerotic lesions. In this review, the combination 

concept of ‘‘response-to-injury’’ [1] and ‘‘oxidative modifications’’ [2] for the initiation of 

atherosclerosis, rather than the progression of atherosclerosis associated with risk factors, is 

mainly discussed for the prevention and treatment. 

HMG-CoA reductase inhibitors (statins) are well known to decrease cellular cholesterol 

synthesis and consequently reduce the hepatic production of VLDL and increase expression 

of LDL receptor [3]. 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 [4, 5]. The major mechanism of this therapeutic effect has been recognized as 

the increase of LDL receptor expression in liver to remove elevated LDL-C in plasma. 

However besides LDL-C, remnant lipoproteins (RLP) have been increasingly implicated in 

progression of atherosclerosis, with elevated fasting RLP-Cholesterol (RLP-C) levels shown 

to predict clinical events independently in coronary artery disease patients [6]. Oxidized 

lipoproteins, notably oxidized low-density lipoproteins (Ox-LDL) and RLP-C in plasma 

emerged as the new risk factors after lowering LDL-C. Both risk factors are paid attention by 

the clinical laboratories as diagnostic tools for the cardiovascular disease with the progress of 
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new technology. Accordingly, attempts are made to provide an insight into the atherogenecity 

of remnant lipoproteins and Ox-LDL including their contribution to endothelial cell 

dysfunction, for example through the lectin-like oxidized LDL receptor-1 (LOX-1 receptor) 

[7] which has been discovered as an Ox-LDL receptor. It was recognized that activation of 

LOX-1 receptor by remnant lipoproteins plays a key role for the initiation of endothelial cell 

dysfunction [8] and may present a major factor in atherogenesis which is independent from 

plasma LDL concentration. The new concept on prevention and therapeutic target and its 

associated risk factors in cardiovascular disease are described in this review recognized from 

our previous sudden cardiac death research performed during last two decades. 

 

 

2. TWO MAJOR RISK FACTORS OF ATHEROSCLEROSIS 
 

2.1. The Oxidized LDL Hypothesis Associated with High Plasma LDL-C 
 

In 1989, Steinberg et al. [2] put forward the original oxidative modification hypothesis 

based on the notion that oxidation represents a biologic modification analogous to chemical 

modification discovered by Goldstein et al. [9] that gives rise to foam cells. Since then, 

numerous studies have supported the Ox-LDL hypothesis which says Ox-LDL can promote 

foam cell formation through the so-called ’’scavenger receptor’’ pathways [9, 10]. Scavenger 

receptor, SRA, in macrophage was first characterized in 1988 by Kodama et al. in Krieger’s 

laboratory [11], but it should be noted that macrophages express more than one scavenger 

receptor.  

Several new receptors for Ox-LDL in macrophage such as CD36 [12], LOX-1[7] and SR-

PSOX [13], etc., have been discovered after Steinberg proposed Ox-LDL hypothesis. 

Sawamura et al. [7] noticed the absence of scavenger receptors for Ox-LDL in endothelial 

cells which may cause the endothelial dysfunction to initiate atherosclerosis in elevated LDL-

C cases. They found a new receptor for Ox-LDL in endothelial cells and named LOX-1 

receptor. 

The Steinberg’s hypothesis was proposed under the situation that Ox-LDL receptor 

(SRA) was the only one receptor found in macrophage associated with the formation of 

atherosclerotic lesions, but no other receptors ware yet found in endothelial cells. The Ox-

LDL hypothesis was proposed mainly for the formation of foam cells from macrophages via 

scavenger receptor as the major cause of atherosclerosis, but not for the dysfunction of 

endothelial cells which most probably associated with the initiation of the formation of 

atherosclerotic lesions. However, the present concept is that atherosclerosis represents a state 

of heightened oxidative stress characterized by lipid and protein oxidation in the vascular wall 

generated by LDL penetrated through between the endothelial cells from plasma. The current 

oxidative modification or stress hypothesis of atherosclerosis predicts that LDL oxidation is 

an early, essential event in atherosclerosis and that Ox-LDL does contribute to both initiation 

and progression of atherosclerosis. But besides Ox-LDL, the possibility still exists that other 

lipoproteins which are oxidized in plasma with normal LDL concentration may cause to form 

the atherosclerotic lesions.  

As shown in Figure 1, we have proposed the oxidative modification hypothesis of 

remnant lipoproteins on athegenesis.  
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Figure 1. Effect of RLP and Ox-LDL on the formation of atherosclerotic plaque. The endothelial cell 

dysfunction is initiated by RLP in plasma (not oxidized LDL) followed by the induction of LOX-1 

receptor. The associated pathway of various cytokines and enzymes are activated and promote for the 

endothelial cell damage. After increased permeability of endothelial cell by damage, a large amount of 

LDL move into the subendothelial space and form Ox-LDL which are incorporated into macrophages 

and foam cells and promote the progression of atherosclerotic plaques in blood vessel wall. 

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 foam cells and atherosclerotic plaques. As small dense LDL-C is 

a part of LDL, or a kind of Ox-LDL and the similar target of cardiovascular disease by 

statins, we have not described in this review. 

 

 

2.2. Characteristics of Ox-LDL and Remnant Lipoproteins on Atherogenesis 
 

The oxidative modification hypothesis focuses on the concept that LDL in its native form 

is not atherogenic [14]. However, LDL modified chemically is readily internalized by 

macrophages through the so-called scavenger receptor pathway [9]. Exposure to vascular 

cells in medium that contains transition metals also results in modification of LDL such that it 

serves as a ligand for the scavenger receptor pathway [10]. Therefore, it is now clear that only 

one mechanism whereby cells in vitro render LDL a substrate for the scavenger receptor 

pathway is via oxidation of LDL which results in modification of apo B-100 as well [15]. 

These observations form the basis for the oxidative modification hypothesis of atherosclerosis 

in which LDL traverses the subendothelial space of lesion-prone arterial sites. During this 

process, LDL lipids are subject to oxidation and modifications of the lysine residues on apo 

B-100 leads to an increase of the net negative charge on the lipoprotein particles [16]. This 

Figure 1
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modification of apo B-100 renders LDL susceptible to macrophage uptake via a number of 

scavenger receptor pathways producing cholesterol ester-laden foam cells [17]. The presence 

of Ox-LDL in atherosclerotic lesions has been studied using antibodies that recognize specific 

epitopes on Ox-LDL that are not present in its native, non-oxidized form. The oxidation of 

polyunsaturated fatty acids can lead to the formation of aldehydes that modify lysine residues 

in apo B-100 [18]. Adducts of lysine residues with malondialdehyde and 4-hydroxynonenal 

have been characterized extensively and antibodies raised against these species. These 

antibodies avidly stain atherosclerotic lesions in LDL receptor-deficient rabbits [19, 20], apo 

E deficient mice [21], and humans [22, 23] with no demonstrable staining in normal arteries. 

As the oxidative modification hypothesis would predict, these epitopes largely co-localize in 

macrophages, although one might argue that they are not specific for LDL and could 

represent modification of other proteins and phospholipids in the atherosclerotic lesion as 

well. Consistent with this assertion is a study showing that LDL isolated from atherosclerotic 

lesions possesses properties that resemble those of Ox-LDL formed in vitro [23], indicating 

that lesion LDL is oxidatively modified and accumulated in vascular walls. Aggregated LDL 

is much more rapidly taken up by macrophages than native LDL but again the uptake appears 

to occur via the LDL receptor [24].  

Aggregation of LDL in the subendothelial space has been demonstrated [25] and this may 

be encouraged by the proteoglycans in the artery wall to which LDL binds avidly [26]. On the 

other hand, it is generally agreed that LDL accesses the artery wall, but VLDL, another apo 

B-100 carrying lipoproteins also can access the artery wall and directly contribute to 

atherogenesis. As reviewed below, there is overwhelming evidence for VLDL and especially 

for VLDL remnants being major atherogenic lipoproteins [27, 28].  

Particles resembling VLDL remnants, RLP can be taken up by macrophages to produce 

foam cells without oxidative modifications [29, 30], stimulate endothelial cells to express a 

monocyte-specific chemotactic factor [8], increase monocyte adherence to the endothelium 

[31] and so forth. Further, varying amounts of labeled VLDL apo B-100 have been found in 

aorta from human and experimental animals after intravenous administration [32–35]. Other 

possibilities are reported by several investigators that a major part of apo B-100 in 

atherosclerotic plaques was not originated from LDL. Rapp et al. [36] isolated and 

characterized immunoreactive apoB-containing lipoprotein particles from human 

atherosclerotic plaques.  

These apoB-100 species were present significant amount in VLDL+IDL fraction, as 

much as in the LDL fraction. From these observations, VLDL, VLDL remnants or both 

showed the possibility of entering human atheosclerotic plaques as the origin of apo B-100 in 

spite of being larger in size than LDL particles. 

 

 

2.3. Circulating Ox-LDL in Plasma as a Risk for Coronary Artery Disease 
 

LDL circulates in plasma, including a fraction which reenters the circulation from the 

subendothelial space [37, 38]. The plasma antioxidants provide effective protection against 

oxidation of LDL [39]. This means that major site of LDL oxidation is the subendothelial 

space. The transit of LDL across this space may yield a small amount of circulating LDL that 

is oxidized. Chemical analysis of circulating LDL has been reported to yield a minor fraction, 

termed LDL that has an increased amount of oxidized lipid [40].  
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Consistent with these findings, human plasma shows immunoreactivity towards epitopes 

generated on Ox-LDL [41, 42]. However, the existence of oxidized LDL in the circulation 

remains controversial on the basis of artifacts that may occur during ex vivo handling of 

plasma and isolation of LDL. Although the aforementioned data do not address a causal 

relation between Ox-LDL and atherosclerosis, several studies have shown that epitopes on 

circulating Ox-LDL can be used to distinguish between patients with and without clinical 

evidence of atherosclerosis [43, 44].  

Using immunologic methods that detect oxidized phosphatidylcholine and their protein 

adducts [45,46], but not native, acetylated or malondialdehyde-treated LDL, Toshima et al. 

[47] and Ehara et al. [48,49] reported that acute coronary syndromes are characterized by 

increased circulating levels of Ox-LDL. Most recently, Tsimikas et al. [50] reported that 

circulating levels of Ox-LDL are strongly associated with angiographically documented 

coronary artery disease, and indicated the high association with serum Lp(a) which binds 

oxidized phospholipids in LDL.  

Together, these data indicate that are relatively small amount of LDL containing different 

types of oxidation specific epitopes can be detected in blood and may reflect atherosclerosis 

and its different manifestations. What is less clear at present is where these epitopes originate 

from and which, if any, of the different oxidation-specific epitopes directly relate to and/or 

are important for disease burden [51].  

The concentration of Ox-LDL detected in plasma (less than 0.5% in total LDL) is too low 

for the induction of Ox- LDL proatherogenic and proinflammatory properties shown from 

many in vitro studies.  

On the other hand, autoantibodies against malondialdehyde- modified lysine residues 

(anti-oxidized LDL antibodies) have been demonstrated in the serum of both rabbits and 

humans [22, 52]. Some studies have reported that the titer of these autoantibodies is 

associated with the burden of and may predict progression of atherosclerosis [53, 54] and 

myocardial infarction [55, 56]. Higher titers of autoantibodies have also been associated with 

coronary artery disease [57], peripheral atherosclerosis [58] and higher risk for restenosis 

following balloon angioplasty [59]. In addition, there is support for a role for anti-oxidized 

autoantibodies in animal atherosclerosis [60].  

But it is worth noting that these results were not observed consistently, because of the co-

existence of similar antigens with Ox-LDL in plasma. The presence of autoantibodies in 

plasma is well known to reflect the results of cellular damage, indicating the possibility that 

oxidized LDL may play the role for the progression of atherosclerosis in vascular wall 

macrophages and smooth muscle cells, rather than the role for the initiation of atherosclerosis 

in endothelial cells. Small, dense LDL has been reported to be more susceptible to be 

oxidation than large, buoyant LDL [61], but the size of LDL particles, not the susceptibility to 

oxidation in vitro, seems to be more associated with cardiovascular disease [62].  

However, currently an adequate technique to isolate native small, dense LDL from large, 

buoyant LDL is not available yet. Therefore, it is still difficult to compare the differences in 

oxidation susceptibility directly between these two LDL sub-types. Small, dense LDL levels 

in plasma were reported to be highly correlated with the levels of RLP-C [63, 64] which has 

been speculated as precursor lipoproteins of small, dense LDL. Further, Ando et al. [65] 

reported that plasma Ox-LDL levels were strongly correlated with RLP-C levels in 

hemodialysis patients. 
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2.4. Triglyceride-Rich Lipoprotein Remnants in Plasma as an Risk Factor for 

the Cardiovascular Diseases, Independent from TG in Plasma 
 

Patients at increased risk of coronary artery disease (CAD) frequently have an 

atherogenic lipoprotein profile characterized by elevated plasma triglyceride-rich lipoproteins 

(TRL) levels, a predominance of small, dense LDL and reduced high density lipoprotein 

(HDL) cholesterol which are highly associated with the characteristics of metabolic 

syndrome. This profile is often seen in patients with type 2 diabetes mellitus with normal 

LDL concentration and it is associated with an approximately three-fold increase in risk of 

atherosclerotic disease [66, 67]. An elevated remnant lipoprotein concentration determined as 

remnant-like lipoprotein particle-cholesterol (RLP-C) is also a characteristic feature of 

patients with this atherogenic lipoprotein profile [68] and there is considerable evidence 

linking increased plasma RLP-C levels with CAD. In this connection, Nakajima et al. [69] 

reported that plasma RLP-C levels were abnormally high in Japanese patients with coronary 

heart disease. Similarly, Ikewaki et al. [70] showed that plasma RLP-C significantly increased 

in postprandial state in patients with coronary artery disease. Further, Leary et al. [71] 

subsequently found that CAD patients (n =151) from nine centers in the United States and 

one in Canada had significantly higher median RLP-C levels compared with 302 gender and 

age-matched control subjects. Devaraj et al. [72] also showed that RLP-C levels were 

markedly higher in CAD patients compared with healthy control subjects (P <0.01). These 

results have been supported by other case-control studies reporting that RLP-C levels were 

significantly high in patients with CAD, patients with resterosis after percutaneous 

transluminal coronary angioplasty [73,74], in vasospastic angina [75,76], coronary artery 

stenosis [77], coronary artery endothelial dysfunction [78,79], sudden cardiac death [80,81], 

intermittent claudication [82], increased intima-media thickness of the carotid artery [83] and 

in CAD patients with normal cholesterol or triglyceride (TG) levels [84,85].  

In a large study, NcNamara et al. [86] measured RLP-C and RLP-TG in fasting plasma 

samples from 1567 women in the Framingham Heart Study. Multiple logistic regression 

analysis adjusting for other major risk factors (like age, hypertension, smoking, diabetes, 

LDL-C, HDL-C beta-blocker use and replacement hormones) revealed that RLP-C was an 

independent risk factor for cardiovascular disease (CVD) in these women and independent 

from TG (Table 1). RLP-C has similarly been shown to be an independent risk factor for 

CAD in Korean patients with type 2 diabetes [87] and in Japanese patients more than 65 years 

of age [88]. 

More recently, prospective data have been presented supporting the prognostic value of 

RLP-C measurement. Three studies have been reported by Kugiyama et al. at Kumamoto 

University Hospital in Japan, in which CAD patients (men and women [89], postmenoposal 

women [90], type 2 diabetes patients [91] who had angiographically documented arterial 

stenosis were investigated. Their lipid and RLP-C levels were measured at baseline and then 

were followed for 2 to 3 years until the occurrence of a clinical event (recurrent or refractory 

angina pectoris requiring coronary revascularization, nonfatal myocardial infarction, or 

cardiac death). In all these three studies, higher RLP-C levels were associated with greater 

probability of a coronary event and were found to be independent risk factors (other than 

hitherto known risk factors like age, gender, smoking, hypertension, triglycerides, cholesterol, 

HDL-C) and were shown to be statistically significant predictor of future coronary events. 
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Recently high plasma levels of RLP-C have been reported in the metabolic syndrome as a risk 

for endothelial dysfunction and coronary artery disease [92–95]. 

 

 

3. PREVENTION 
 

3.1. What Is the Most Effective Risk Factor Targeted for the Prevention of 

Cardiovascular Disease? 
 

Plasma total cholesterol (TC) and triglyceride (TG) levels have been measured as 

diagnostic markers in order to prevent cardiovascular diseases, because these markers have 

shown the usefulness as the risk prediction for many years. Therefore, the risk factor for the 

therapeutic target has been developed to reduce TC and TG historically. However, several 

new diagnostic markers have emerged recently and provided the additional information for 

the prevention of cardiovascular diseases.  

AS shown in Figure 2, there are many subclasses of lipoproteins among chylomicrons 

(CM), very low density lipoproteins (VLDL), low density lipoproteins (LDL) and high 

density lipoproteins (HDL).  

 

 

Figure 2. Subclasses of plasma lipoproteins. There are many subclasses of lipoproteins in CM, VLDL, 

LDL, and HDL, which have different biological and chemical characteristics. Remnant lipoproteins are 

found in VLDL fraction and Ox-LDL and small dense LDL are found in LDL fraction. 

Figure 2
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The analytical methods for each subclasses are now under development. Among them, 

LDL-C including Ox-LDL and small dense LDL, and remnant lipoproteins are the major new 

diagnostic markers for the prevention of cardiovascular disease. Lowering these risk factors 

in plasma has been targeted by the various therapeutic drugs and nutritional treatment.  

The most effective target for the prevention of cardiovascular disease may be remnant 

lipoproteins based on the following evidence we have investigated during the last two 

decades, which is the most common risk factors for cardiovascular diseases, except familial 

lipid and lipoprotein disorders. LDL or small dense LDL are the final products metabolized 

from TG-rich lipoproteins which include atherogenic remnants. Most of the atherogenic 

properties of lipoproteins belong to remnant lipoproteins rather than LDL in plasma. 

 

 

3.2. Different Role of Plasma LDL and Remnant Lipoproteins at Coronary 

Atherosclerosis and Cardiovascular Events; from the Studies of Autopsies in 

Sudden Cardiac Death Cases 
 

We have investigated the risk factors of sudden cardiac death (SCD), especially Pokkuri 

Death Syndrome (PDS) (sudden cardiac death without coronary artery atherosclerosis 

observed mostly in Southeastern Asian young males), during the last two decades [96] and 

found the different roles between LDL and remnant lipoproteins as cardiovascular risk factors 

in plasma. Based on our autopsy studies, more than two thirds of SCD cases were found to be 

associated with postprandial remnant hyperlipoproteinemia [97-101]. The occurrence of 

sudden cardiac death has been observed prevalently at midnight (Figure 3), which is highly 

correlated with the highest TG and remnant lipoprotein levels in plasma during the day 

(Figure 4). LDL-C levels do not change during the day as remnant lipoproteins. 

If severe spasm of the coronary artery is to be a crucial event prior to cardiac death in 

PDS cases, 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 prevalence of severe coronary 

atherosclerosis is known to be strongly associated with age. 

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 the severity of coronary atherosclerosis was pathologically 

graded above (1+), reflecting the clinical feature of severe coronary atherosclerosis (97-99). 

Most of the coronary arteries in PDS cases were pathologically graded as (−) and (±), 

indicating no coronary atherosclerosis [97].  

Plasma LDL-C in SCD cases was shown to be highly correlated with the severity of 

coronary artery atherosclerosis [99]. 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.  
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Figure 3. The prevalence of sudden cardiac death occurred during the day time. Sudden cardiac death 

occurred most frequently at around 2 PM at midnight. (Takeichi et al, Int. J. Legal Med. 1997;110: 213-

219. ). 

 

Figure 4. The plasma TG levels were found to be significantly increased during the day associated with 

food intake. Only in the early morning did the TG levels in all cases returned to the basal levels, and 

were highest in the middle of the night at regular food intake with additional glucose and fructose 

beverage (Stanhope et al, J Clin Invest. 2009; 119: 1322-34.). 

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 [102]. 

Figure 3

Figure 4



Katsuyuki Nakajima and Masaki Q. Fujita 

 

50 

Hence, LDL-C did not seem to play a significant role at cardiovascular events in PDS, 

despite being slightly 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 in the fasting (gastric content; absent) and postprandial state 

(gastric content; present) (Table 2).  

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]. 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, we 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 [102]. 

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 in 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 

[102]; however, it was significantly associated with fatal clinical events in SCD including 

PDS.  

 

Table 1. RLP-C is a CHD risk in females at Framingham Heart Study 

 

 
McNamara JR, Schaefer EJ, et al: Atheroschlerosis 2001;154: 229– 36. 

Table 1.
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Table 2. Plasma lipid and lipoprotein concentrations in the presence ro absence of 

gastric contents in sudden coronary death and control cases 

 

 
Takeichi et al. Atherosclerosis 1999;142: 309-315. 

 

The bioactive components co-localized with triglycerides in RLP such as oxidized 

phospholipids or their metabolites [103] 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 [99, 102]. 

Therefore RLP-TG could 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 extremely low concentration in plasma. 

 

 

4. TREATMENT FOR CARDIOVASCULAR DISEASE; STATINS, CETP 

INHIBITOR AND PROBUCOL AS THERAPEUTIC DRUGS 
 

4.1. Stains Increase LDL Receptor in Liver and Remove Plasma Remnant 

Lipoproteins More Effectively than LDL 
 

HMG-CoA reductase inhibitors (statins) are known to decrease cellular cholesterol 

synthesis and consequently reduce the hepatic production of VLDL and increase expression 

Table 2
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of LDL receptor and lower plasma LDL-C levels [3]. 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 [4,5]. The major mechanism of this 

therapeutic effect has been recognized as the increase of LDL receptor expression in liver to 

remove elevated LDL-C in plasma by statins. However, recently, remnant lipoproteins have 

been increasingly implicated in progression of atherosclerosis, with elevated fasting remnant 

lipoprotein levels shown to predict clinical events independently in coronary artery disease 

patients [6]. A major target for remnant lipoprotein research has been postprandial 

dyslipidemia. Postprandial dyslipidemia has been found to be associated with endothelial 

dysfunction as an early indicator of atherogenesis [104,105]. Elevated remnant lipoprotein 

levels have also been associated with coronary endothelial dysfunction, with remnants shown 

to stimulate expression of proathero-thrombotic molecules in endothelial cells [106, 107].  

Hence, the prevention and treatment of atherosclerosis merits pharmacotherapy targeted 

at regulating postprandial dyslipidemia, namely, RLP. Postprandial RLP are the atherogenic 

lipoproteins that appear and increase in plasma at the initial step of lipoprotein metabolism 

after food intake and then change to further metabolized lipoproteins, such as LDL. The 

postprandial state with increased RLP in plasma continues almost throughout the day, except 

in the early morning, while this is not the case in LDL. Therefore, RLP are atherogenic risks 

and should be the primary therapeutic target to prevent cardiovascular disease. Increased LDL 

is not directly associated with the daily food intake like RLP.  

Possible mechanisms suggested for abnormal accumulation of lipoproteins postprandially 

in plasma are defective clearance via receptor-mediated pathways and/or increased 

competition for high-affinity processes because of increased numbers of intestinally and 

hepatically derived particles postprandially.  

Plasma RLP containing chylomicron and VLDL remnants isolated from postprandial 

plasma was used to investigate the comparative reactivity to LDL receptor and VLDL 

receptor cDNA-transfected cells. We studied whether RLP are bound to LDL receptor more 

efficiently than LDL because RLP is apoE-rich. RLP competed more efficiently with DiI-β-

VLDL than LDL in LDL receptor-transfected cells. These results suggest that RLP is more 

efficiently bound and internalized into LDL receptor than LDL. In VLDL receptor-transfected 

cells, RLP was more efficiently bound and internalized through VLDL receptor than β-VLDL 

particles even though we did not show any difference of binding ability between RLP and β-

VLDL in LDL receptor-transfected cells. In contrast to TGRLs, LDL was not recognized by 

the VLDL receptor as Takahashi et al first reported [108].  

It seems that VLDL receptor preferentially binds apoE-rich RLP rather than β-VLDL. 

These findings indicate that plasma RLP are removed by hepatic LDL receptor and muscular 

VLDL receptor, and the up-regulation of the expression of these lipoprotein receptors may be 

a therapeutic approach for anti-atherosclerosis. The fact that LDL receptor preferentially 

binds TGRLs rather than LDL was elucidated by Kita et al. [109].  

They concluded that LDL receptor deficiency induced the primary deficiency of the 

removal of TGRLs (VLDL and IDL), and subsequently the enhanced conversion of VLDL to 

LDL was a cause of high plasma LDL level in homozygous Watanabe heritable 

hyperlipidemic (WHHL) rabbits. As statins decrease cellular cholesterol synthesis and 

consequently reduce the hepatic production of VLDL and increase expression of LDL 

receptor[110], these properties suggest that statins may be potential agents for regulating the 

plasma levels of both RLP and LDL-C. Recent studies showed the effects of high-dose, long-
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term statin treatment on the metabolism of postprandial lipoproteins in heterozygous FH [101, 

112, 113]. Statins may be able to induce half of normal LDL receptor in heterozygous FH that 

enhances the removal of RLP and LDL.  

However, it has remained unknown whether RLP and LDL are removed by only 

increased LDL receptor expression with statin treatment or whether other lipoprotein 

receptors are working. It is likely that normal LDL receptor expression in heterozygous FH 

has already been up-regulated maximally by low-dose statins, and other mechanisms for 

reducing TGRLs (including RLP) and LDL particles may be working in the case of strong 

statins. In this study, we found that pitavastatin (NK-104) induced VLDL receptor expression 

in skeletal muscle cells (L6 cells) at significantly high concentration (approximately 1,000-

fold) compared with the effect of NK-104 on LDL receptor expression in HepG2 (114)  

The direct comparison between RLP and LDL has shown that RLP have superior binding 

and internalization reactivity to LDL receptor, which is similar to the reactivity with VLDL 

receptor. These results suggest that RLP may be more primarily and efficiently catabolized in 

liver than LDL through increased LDL receptor expression by statin treatment. The removal 

of TGRLs (including RLP) by LDL receptor may induce decreased plasma LDL-C level 

because of the removal of precursors of LDL. Additionally, the induction of muscular VLDL 

receptor expression by strong statins may be one of the therapeutic targets for reducing 

plasma RLP, but we need to be cautious about the strong statin-induced muscular VLDL 

receptor expression in terms of rhabdomyolysis. 

 

 

4.2. CETP Inhibitor 
 

4.2.1. CETP Inhibitors Inhibit the Formation of Remnant Lipoproteins Primarily and 

then Increase HDL-C as the Result 

RLP is known to be formed by catabolizing of TRL (CM, VLDL) with a decrease in TG 

and an increase in cholesterol, so it is predicted that lipase (LPL, HL) and CETP are involved 

in the RLP formation [115]. Previous studies have shown that in vitro lipolysis of VLDL by 

exogenous LPL enhanced CETP-mediated CE transfer from HDL to VLDL [116], and CE in 

HDL is preferentially transferred to VLDL-1 in the postprandial state of type IIB 

hyperlipidemia [117]. Moreover, it has been reported that plasma CETP activity was 

increased coincidently with the increase of postprandial plasma TG [118] and was closely 

correlated with RLP-C level in patients with nephritic range proteinuria [119]. Although these 

reports suggest that CETP is involved in the formation of cholesterol-rich remnant particles, 

we have performed the study to obtain more direct evidence of the involvement of CETP in it 

[120]. 

The present study demonstrated that RLP-C is increased by 37 °C incubation of human 

plasma. As the amounts of RLP-C increase were positively correlated with plasma TG levels 

(r
2
 = 0.555), the RLP-C increase was suggested to indicate the RLP formation from TRL. 

Also, the 37 °C incubation of plasma promoted the CE transfer from HDL to RLP. As there 

was a closely relationship between the RLP-C increase and the CE transfer to RLP (r
2
 = 

0.908, plasma TG levels of >100 mg/dl), the CE transfer from HDL to RLP lead to the RLP-

C increase. Furthermore, exogenous r-CETP of physiological concentrations (0.5-1.5 μg/ml) 

promoted the RLP-C increase dose-dependently, and inhibition of endogenous CETP by JTT-

705 (CETP inhibitor, Japan Tabaco) and the monoclonal antibody JHC1 suppressed the RLP-
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C increase and the CE transfer to RLP with IC50 values similar to those for the inhibition of 

CETP activity. These all results demonstrate that CETP is essential to the RLP-C increase in 

this in vitro study.  

Guerin et al. have reported that elevated rates of CETP-mediated CE transfer from HDL 

to TRL are intimately associated with the enhanced formation and accumulation of CE-rich 

RLP in type IIB hyperlipidemin subjects during the postprandial phase [117]. Therefore, we 

have examined CE transfers from HDL to RLP and non RLP in TRL fraction (d < 1.006 

g/ml) and the effects of JTT-705 on the transfers. Although the amounts of CE transfer to 

RLP and non RLP were not so different, the inhibitory effect of JTT-705 was stronger than 

that on non RLP. The result suggests that CETP did not only transfer CE to RLP and non 

RLP, but also CETP promoted the novel RLP formation from non RLP in TRL through the 

CE-TG exchange, namely, JTT-705 inhibited the increase of RLP-C directly and indirectly.  

As the result of examination of CE transfer from HDL to IDL (VLDL remnants), CE 

transfer to IDL was observed and CE transfer was also inhibited by JTT-705. Although IDL 

was obtained by the ultracentrifugation, these results were same as that observed in RLP 

measured using the immunoaffinity gels and, therefore, support that the increase of RLP-C in 

this study corresponds to the increase of cholesterol in remnant lipoproteins. 

On the other hand, it has been reported that plasma LCAT activity was also increased in 2 

h or 6 h [118] postprandially, so the effect of LCAT inhibitor on RLP-C increase was 

examined. As LCAT inhibitor DTNB did not affect on RLP-C increase up to 1 mM, LCAT 

was supposed to be less involved in the RLP-C increase in the present study. In conclusion, 

the results of this study demonstrate that CETP promotes the formation of cholesterol-rich 

RLP through the transfer of CE from HDL to TRL and the inhibition of CETP activity is 

expected to decrease RLP-C level effectively. Recently, plasma CETP levels were shown be 

significantly correlated with CAD risk among subjects with high TG levels [121], and it is 

possible that these subjects with high CETP and high TG levels have high levels of RLP-C. 

Although HMG-CoA reductase inhibitors have been reported to decrease RLP-C in patients 

with hypercholesterolemia [122] and Type-2 diabetes [123], CETP inhibitors [124] are also 

useful for the reduction of RLP-C level. 

 

4.2.2. The Role of CETP and ANGPTL3 for Increasing Plasma HDL-C Levels. 

ANGPTL3 Inhibit HTGL Activity and Increase HDL-C More Prevalently than CETP 

Inhibition 

We determined serum ANGPTL3 and CETP levels in HALT cases (HDL>90 mg/dl) and 

compared the abnormal frequencies of these proteins which are known to be associated with 

increased HDL-C [125]. This study did not focus on the gender differences in these proteins, 

because the normal range of the standardized parameter “HDL-C” is known to be the same in 

men and women as seen in Japanese reference range, which is different from USA reference 

range for HDL-C. To determine the normal range of ANGPTL3 in Japanese population, we 

developed our own sandwich ELISA of ANGPTL3 for this study. ANGPTL3 determined by 

other ELISA methods showed either higher serum levels [126] or different clinical 

significance when compared with our method [127]. Also we recruited cases with very high 

HDL-C (HALT) at the health check-up centers randomly and expected to find either low 

CETP [128] or high ANGPTL3 [129-131]. As previously reported [131], these trends were 

not so clear in moderately high HDL-C cases, however we found significantly high 

ANGPTL3 levels in cases with HDL-C above 90 mg/dl in this study. Therefore we focused 
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on the analysis of ANGPTL3 and CETP in HALT cases for finding a convincing difference 

between the two proteins on HDL metabolism. High HDL-C cases like above 100 mg/dl seem 

to be difficult to find in Caucasians [132], while such cases are prevalent in Japanese 

population [133]. One of the causes is suspected to be a high frequency of CETP 

polymorphism in the Japanese population [134, 135]. However, this study may present a 

different mechanism for the high frequency of HALT in Japanese population. ANGPTL3 is 

now known to be a major inhibitor of EL [131]. Therefore, plasma ANGPTL3 concentration 

may reflect EL activity in plasma via the ANGPTL3-EL pathway [136]. Our preliminary data 

obtained with the newly developed EL activity assay showed that ANGPTL3 concentration 

correlated inversely with EL activity (r=−0.27, Pb0.005) and HDLC (r=−0.13, Pb0.05) in 

post-heparin plasma, but not in pre-heparin plasma, indicating that high ANPTL3 plasma 

levels are associated to low EL activities and high HDL-C (authors' unpublished 

observations). Badellino et al. [137] recently developed an ELISA for measurement of human 

plasma EL. In this study, median EL mass in pre-heparin plasma was 442 ng/ml (interquartile 

range=324–617). Median postheparin mass was approximately 3-fold higher, 1313 ng/ml 

(888– 1927). The correlation between pre-heparin EL mass and postheparin EL mass was 

0.46 and both assays showed inverse correlation with HDL-C. These results showed similar 

trend with those of the new EL activity assay method we are now developing. Comparative 

studies between EL mass and EL activity including the concentration of ANGPTL3 in plasma 

need to be studied further as LPL and HTGL assays [138]. Recently, CETP inhibitors [124] 

have been developed and several reports from clinical trials have already been published 

[139-141], reporting significant anti-atherogenic effects in experimental animals, but not yet 

in humans. HDL-C levels were significantly increased by CETP inhibitors, but these HDL 

particles became very large in size like those in CETP deficient cases [142]. Further, CETP 

inhibitor molecules adhere to and are carried on HDL particles in the blood, which could be 

considered as an unwanted interaction [140, 141]. Therefore the efficacy of CETP inhibitors 

is yet to be accepted [143]. The frequency of CETP deficiency or polymorphism seems to be 

very rare in Caucasians, but quite frequent in Japanese. Therefore, if the ANGPTL3-EL 

pathway unlike CETP is not physiologically impaired in Caucasians, it could be a better 

target for raising HDL-C. This study showed approximately 10 fold higher frequency of 

abnormally increased ANGPTL3 in HALT cases as compared with the frequency of low 

CETP. For sometime, we have been speculating that the prevalence of CETP polymorphism 

or deficiency may be a major cause of high HDL-C in Japanese population [144, 145]. The 

CETP assay kit we used in this study showed comparatively lower serum levels of CETP than 

the levels assayed by Dai-ichi ELISA kit (the most frequently used assay kit), which also 

indicated a high correlation between activity and mass of CETP in average Japanese 

population [146].  

Therefore, we have calculated the normal range of CETP independently in cases with 

normal HDL-C in this study subjects and determined the low cut-off value as mean-2SD. We 

also compared the abnormal low CETP and high ANGPTL3 frequencies in HALT cases by 

10–90 percentile analysis. CETP less than 10% tile was 21.3% and ANGPTL3 above 90% 

tile was 76.4% in this study subjects, respectively. Another reason for 10% tile of CETP as 

the lower cut-off value was the frequency of CETP common mutation (approximately 10%) 

in average Japanese population [134].  

Both mean±2SD analysis and 10–90 percentile analyses showed significantly greater 

frequency of abnormally high ANGPTL3 than those of low CETP. Therefore we could 
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predict the possibility that the ANGPTL3-EL pathway, including hepatic preprotein 

convertase [136], may have a major physiological role in HDL metabolism. As Ishida et al. 

[147] proposed EL as the major pathway for HDL metabolism in mouse, we also suggest that 

ANGPTL3- EL or HTGL is the major pathway for HDL metabolism in humans regardless of 

the presence or absence of CETP. Interestingly, there was a high correlation between 

ANGPTL3 and HDL-C in seven CETP deficient cases in this study.  

This means that ANGPTL3-EL or HTGL pathways may independently associate with the 

increase of HDL-C from that of CEPT. CETP deficiency cases were found to be not always 

associated with high HDL-C from these cases. We have been interested in finding the 

mechanism of HDL-C decrease after probucol treatment. Miida et al. [148] recently reported 

that probucol significantly reduced serum ANGPTL3 levels and increased preβ1-HDL, 

indicating the possibility of increasing the EL activity by reducing ANGPTL3, the inhibitor 

of EL. However, as yet, an EL activity assay has not been reported, probably due to the 

catalytic activity in the human EL being inhibited by ApoC-II in serum.  

This makes it difficult to distinguish EL activity from LPL/HTGL activity in the human 

post-heparin plasma [138]. Therefore, ANGPTL3 concentration may take the place of EL or 

HTGL activity, similar to ApoC-III for LPL activity [138] and remnant lipoproteins [149]. 

These drawbacks will continue until a direct plasma EL activity assay has been developed to 

compare directly with CETP activity. Further studies on the polymorphism of ANGPTL3 are 

warranted for investigating a more direct relationship between ANGPTL3 and EL activity. 

 

 

4.3. Probucol, a New Life for Old Drug 
 

Probucol has demonstrable anti-inflammatory actions that contribute to a reduction in 

experimental atherosclerosis. Also, probucol reduces the adhesion of inflammatory cells in 

vivo as demonstrated by the inhibition of mononuclear cell adhesion and reduced expression 

of vascular cell adhesion molecule [150] following balloon injury in hypercholesterolemic 

rabbits. Similarly, in LDL receptor-deficient Watanabe heritable hyperlipidemic (WHHL) 

rabbits, the fibrous cap in the lesions of animals fed probucol had lower macrophage content, 

but an increase in vascular smooth muscle cells [151]. Taken together, these studies 

demonstrate that probucol reduces atherosclerosis and cardiovascular disease while 

improving the state of inflammation and heightened oxidative stress in the affected blood 

vessels. 

 

4.3.1. Protective Effects of Probucol on Vascular Endothelial and Smooth Muscle 

Cells 

Endothelial dysfunction is associated with an increased risk of cardiovascular events and 

a vasoconstrictor response to acetylcholine indicates the presence of endothelial 

dysfunction[152]. The endothelium-dependent vasomotor response to acetylcholine is 

significantly attenuated in humans by oral treatment with probucol. In support of this, 

probucol promotes the growth of endothelial cells and promotes endothelium-dependent 

arterial relaxation and functional re-endothelialization following aortic balloon injury, as 

measured by the extent of re-endothelialization, nitric oxide production and nitric oxide-

mediated vasodilatation [153]. There are a number of potential mechanisms by which 

probucol may enhance endothelial function. First, probucol protects against hypochlorite-
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mediated, endothelium-dependent relaxation of the aorta in rabbits in vivo [154]. Second, the 

effects of probucol on increasing functional re-endothelialization and inhibiting smooth 

muscle proliferation [153] are similar to biological processes seen with the increased activity 

of heme oxygenase-1 (HO-1) [155]. Similarly, pharmacological inhibition of heme oxygenase 

activity blocks the ability of probucol to promote re-endothelialization and to inhibit intimal 

hyperplasia following vascular injury in vivo [155]. These new findings suggest that 

probucol’s effects on endothelial cell growth and function and on inhibition of smooth muscle 

proliferation are greatly mediated by HO-1. Increasingly, new evidence points to a key role of 

HO-1 as anti-oxidant property (156-158). Probucol increases the expression of HO-1 and 

heme oxygenase activity in balloon-injured rabbit aortas and rabbit aortic smooth muscle cells 

[155]. HO-1 is a redox-sensitive enzyme and the promoter region of the HO-1 gene contains 

multiple copies of antioxidant response elements that are critical for enzyme induction [159] 

and that are tightly regulated by the redox-sensitive transcription factor NrF-E2-related 

factor-2. Unlike probucol, vitamin E does not induce HO-1 in vascular smooth muscle cells in 

vitro [155], consistent with the notion that 2-electron, but not 1-electron, antioxidants may 

exhibit part of their anti-atherosclerotic effects via induction of HO-1. Similar antioxidant 

proteins and enzymes such as metallothionein and SOD are also known to be significantly 

induced by probucol associated with NrF-2 gene expression [159] 

 

4.3.2. Lipid Metabolism and Cholesterol Efflux by Probucol 

Probucol’s cholesterol-lowering activity was first discovered in 1964 during screening of 

phenolic antioxidants. The drug is relatively weak when compared to statins, 3-hydroxy-3-

methyl-glutaryl-CoA reductase inhibitor. How probucol reduces plasma and LDL cholesterol 

still remains uncertain. However, early studies in LDL receptor-deficient WHHL rabbits 

demonstrated that probucol reduced the atheroma burden independent of the drug’s 

cholesterol-lowering effects [160]. In fact, the ability of probucol to inhibit experimental 

atherosclerosis independent of the drug’s lipid-lowering effect was one of the corner stone of 

the oxidative modification theory of atherosclerosis. Abundant data support the oxidative 

modification hypothesis of atherosclerosis, according to which oxidation of LDL is an early 

event in, and contributes to, atherogenesis [161]. Although probucol was designed originally 

as a phenolic antioxidant, the peroxyl radical scavenging activity of probucol is only ~16% 

that of the most abundant phenolic antioxidant and form of vitamin E in humans, α-

tocopherol. Yet, early animal studies consistently reported that probucol reduced lipoprotein 

oxidation in plasma ex vivo or in the vessel wall [162]. However, the oxidative modification 

hypothesis of atherosclerosis has been recently challenged by the failure of antioxidants, in 

particular vitamin E [163], to reduce disease progression and clinical events in patients at risk 

of, or with established, atherosclerosis. Subsequent studies have dissociated the anti-

atherosclerotic effects of probucol from its ability to affect lipoprotein lipid oxidation. First, 

in rabbits, probucol inhibited atherosclerosis to a greater extent than probucol analogs which 

had greater anti-oxidant activity [164]. Furthermore, probucol did not alter the proportion of 

aortic lipids that are oxidized. Thus, while probucol exhibit anti-oxidant activity, this property 

does not seem to account for its anti-atherosclerotic properties. Previously, it had been 

thought that the strong antioxidant properties of probucol arose from the two phenol moieties. 

Recent evidence suggests, however, that the sulfur moiety in probucol is critical for in vivo 

protection from atherosclerosis [155] Thus, probucol and probucol dithiobisphenol, but not 

the sulfur-free probucol bisphenol, inhibited disease in apolipoprotein E-deficient mice and 
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hypercholesterolemic rabbits following aortic balloon injury. Paradoxically, probucol lowers 

HDL cholesterol yet inhibits atherosclerosis. The controversial and anti-atherogenic feature of 

probucol is most likely attributable to molecular mechanisms: promoting cholesterol efflux, 

and enhancing reverse cholesterol transport (RCT) by activation of CETP [134, 165] and 

scavenger receptor class B type 1 (SR-B1)[166]. The apparent reduction of HDL-C by 

probucol may be due to the remodeled function of HDL: increased preβ1-HDL [148] (“lipid-

poor” apoA-1) participating in cellular lipid efflux. These mechanisms could be responsible 

for probucol-induced regression of xanthoma and its anti-atherogenic effects, though 

probucol is an effective inhibitor of ABCA1-mediated cholesterol efflux [167]. A recent 

report by Miida et al [148] suggested the possibility that probucol activates the endothelial 

lipase by inhibiting angiopoietin-like protein3 (ANGPTL3) and enhance HDL metabolism 

and cholesterol efflux by increasing preβ1-HDL levels. Contrary to the results of studies 

using WHHL rabbits, some experimental studies using apolipoprotein E-knockout mice 

reported that probucol demonstrated pro-atherogenic effects [168]. These contradictory 

findings in mice with no CETP may rather support the hypothesis regarding cholesterol efflux 

and the RCT pathway of probucol through CETP. An important role of CETP in the 

mechanism of cholesterol efflux and RCT is evident in the recent negative clinical trial results 

of a CETP inhibitor [169] as well as the epidemiological reports [170] of increased coronary 

heart disease in patients with CETP deficiency and the molecular approach to review of 

CETP deficiency [171]. Marked hyper-HDL2 cholesterolemia associated with CETP 

deficiency can be atherogenic regardless of elevated HDL-C, which has been indicated in a 

long-ignored Japanese report by Matsuzawa et al [172]. The CETP activator instead of the 

inhibitor might provide a partly rational therapeutic approach to prevent atherosclerosis, after 

a review of the evolving field of pro-atherogenic HDL, a novel role for human CETP in the 

defense against an exacerbated production of pro-inflammatory mediators [173], and CETP 

polymorphism among individuals or ethnics groups [174]. 

Over the past several decades, probucol has established itself as a potent anti-oxidant 

with a broad spectrum of other pharmacologic actions; further, it has demonstrated significant 

therapeutic effects on diverse diseases in humans. Its mechanisms of actions at the molecular 

level have recently been elucidated and are as diverse as its therapeutic effects. More 

recently, probucol was demonstrated to significantly reduce CHD risks in patients with 

heterozygous FH who have very high CHD risks [175]. It is anticipated that probucol will 

overtake agents like statins, which are reported to lower LDL-C, which is a well known CHD 

risk factor. There is compelling reason to believe that this old and often misunderstood drug 

has much more to offer than hitherto known even if it reduces HDL-C levels. 

 

 

CONCLUSION 
 

Oxidative modification of LDL (Ox-LDL) has been widely believed to play a key role in 

the initiation and progression of atherosclerosis since Steinberg et al. first proposed this 

hypothesis in 1989 [2]. This concept has provided strong support for the efficacy of LDL-C 

lowering drugs. Several atherosclerotic phenomena such as the progression of atherosclerotic 

lesion have been explained by this hypothesis, but it is equally important to address issues 

which do not support Ox-LDL per se as the most important risk factor for the initiation of 
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atherosclerosis. For example, the concentration of Ox-LDL in plasma may be less than 0.5% 

of total LDL in CHD patients and to which the endothelial cells are exposed. This plasma 

concentration may not be enough for proatherogenic and proinflammatory activities of Ox-

LDL and the initiation of ‘‘response-to-injury’’ in endothelial cells, judging from the results 

of many in vitro studies.  

The most significant role of Ox-LDL in atherogenesis has been explained in the 

subendothelial space for interactions with macrophages and smooth muscle cells, not in 

endothelial cells. The discovery that LOX-1 receptor activation by RLP by Shin et al. [8] has 

opened the window for a new oxidative modification hypothesis that says RLP but not Ox-

LDL in plasma is a major ligand for the LOX-1 receptor in endothelial cells, causing 

endothelial dysfunction and the initiation of atherosclerosis. RLP are already oxidized in 

plasma and reported the existence of large amount of lysophospahtidylcholine in cylomicron 

remnants, a constituent of RLP and their proatherogenic and proinflammatory properties. In 

other words, major lipoproteins oxidized in plasma may be remnant lipoproteins and not 

LDL, existing as an oxidative modification.  

Ox-LDL and RLP revealed common proatherogenic and proinflammatory characteristics, 

indicating the same biological functions shown at similar concentrations in in vitro studies. 

This may suggest that the same oxidized phospholipids exist in these lipoprotein particles 

which mediate their atherogenicity. The isolation method of RLP from plasma developed by 

Nakajima and co-workers [6] made it possible to verify the oxidative susceptibility of 

remnant lipoproteins and to compare the proatherogenic and proinfalmmatory properties of 

RLP with those of Ox-LDL.  

Plasma RLP-C concentration has been shown to be more convincingly associated with 

the increased risk of premature atherosclerosis by many clinical studies than plasma 

circulating Ox- LDL. Further, endothelial dysfunction is more likely to be caused by RLP 

than by circulating Ox-LDL per se in plasma, judging from the plasma concentration of these 

lipoproteins. Taken together, reducing plasma RLP rather than LDL should be the target of 

hyperlipidemic therapy especially in patients with metabolic syndrome which is highly 

associated with plasma RLP-C level, but not with LDL-C levels. 
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