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Chapter 13 

Abstract 

Introduction: Oxidized phospholipids (C)xPL) are a major component of oxidized 

LDL (OxLDL) and are bound to circulating lipoprotein (a) [Lp(a)] in plasma. The 

significance of these parameters in children with familial hypercholesterolemia (FH) 

and the effect of statins on OxPL are not known. 

Me thods : Children with FH were randomized to placebo (n=88) or pravastatin (n=90, 

20-40 mg daily) after instruction on step II AHA diet. Unaffected siblings (n=78) 

served as controls. The OxPL content on apolipoprotein B-100 (apoB) detected by 

antibody E06 (OxPL/apoB ratio), IgG and IgM apoB-immune complexes per apoB 

(IC/apoB) and on all apoB particles (Total apoB-IC = IC/apoB multiplied by plasma 

apoB-100 levels), autoantibodies to malondialdehyde (MDA)-LDL, Lp(a) and apoB 

levels were measured at baseline and after 2-years' treatment. 

Results: Compared to unaffected siblings, children with FH had significantly lower 

levels of OxPL/apoB but higher levels of IgG and IgM Total apoB-IC and IgM 

MDA-LDL autoantibodies. From baseline to 2-year follow-up, compared to placebo, 

pravastatin treatment resulted in a greater mean percentage change in apoB (-18.7% 

vs. 0.3%; p=0.001), Total IgG apoB-IC (-31.9% vs. -12.2%; p<0.001), and Total IgM 

apoB-IC (-25.5% vs. 13.2%; p=0.001). Interestingly, pravastatin also resulted in higher 

OxPL/apoB (48.7% vs. 29.3%; p=0.028) and Lp(a) levels (21.9% vs. 10.7%; p=0.044). 

In the entire cohort, there was a strong correlation between O x P L / a p o B and Lp(a) at 

baseline (r=0.84; p<0.001) and 2 years (r=0.92; p<0.001). 

Conclusion: Compared to unaffected siblings, children with FH are characterized by 

elevated levels of apoB-immune complexes and MDA-LDL autoantibodies but lower 

levels of circulating OxLDL, suggesting immune activation to OxLDL. Compared to 

placebo, pravastatin leads to a greater reduction in apoB-immune complexes but also 

to a greater increase in OxPL/apoB and Lp(a), which may represent a potential novel 

mechanism of mobilization and clearance of OxPL. 
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Introduction 

Children with heterozygous familial hypercholesterolemia (FH) are characterized by 

severely elevated LDL-cholesterol (LDL-C) levels that predispose to the early initiation 

of atherogenesis and premature cardiovascular disease (CVD). Although most children 

with this disorder are asymptomatic, they do manifest subclinical atherosclerosis such 

as impaired endothelial dysfunction and increased intima-media thickness (IMT) " . 

Carotid IMT is considered a valid surrogate marker for atherosclerosis and therefore 

employed to assess atherosclerosis in children with FH. We previously showed that 

pravastatin therapy induced a significant regression of carotid IMT in children with 

F H compared to placebo . 

A wealth of experimental and recently-derived clinical data suggests that lipoprotein 

oxidation plays an important role in atherogenesis (reviewed in j . Importantly, circulating 

oxidized low-density lipoproteins (OxLDL) are associated with subclinical atherosclerosis 

in adults ' angiographically-determined coronary artery disease , symptomatic CVD, 

acute coronary syndromes (ACS) and vulnerable plaques ' " ' and may also predict 

acute myocardial infarction (AMI) ' . 

The role of circulating OxLDL in the pathogenesis of early atherosclerosis in children 

and the effect of statins is unknown. In the current study, we investigated the effect of 

pravastatin on plasma levels of several direct and indirect markers of OxLDL in a 

cohort of FH children, treated with pravastatin or placebo, as well as in a group of 

unaffected siblings. 

Methods 

Study population and design 
We previously performed a double blind randomized placebo controlled trial to determine 

the 2-year efficacy and safety of pravastatin therapy in 214 children aged 8-18 years with 

heterozygous FH Briefly, children were eligible to participate in this study based on a 

documented LDL-receptor mutation or plasma levels above the 95 percentile for age 

and gender in a family with a history of premature CVD in conjunction with 

hypercholesterolemia and tendon xanthomas. Children were not eligible if they were 
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homozygous for FH or when they had a secondary cause for hypercholesterolemia 

Consenting children were randomly assigned to receive placebo or pravastatin 20-40 mg. 

Children younger than 14 years received 20 mg pravastatin whereas those aged 14 

years or older received 40 mg pravastatin daily. Children were also instructed to assume 

or continue a low fat diet (according to Step II AHA) and to maintain habitual physical 

activity during the intervention period. In addition, relevant information was assembled 

for 80 unaffected siblings in whom FH was definitely excluded by DNA analysis. Carotid 

IMT was performed as previously described ". 

Lipids, lipoproteins and CRP 
From the original cohort, plasma samples from 178 FH children at baseline and at 2 

years and from 78 unaffected siblings at a single time point were available for OxLDL 

measurements. Venous blood samples were drawn after a fasting period of at least 12 

hours. Plasma levels of cholesterol and triglycerides were determined by standardized 

enzymatic procedures (Boehringer Mannheim, Germany) and high-density lipoprotein-

cholesterol (HDL-C) in serum was measured by an automated method (Roche Diagnostics, 

Basel, Switzerland). LDL-C levels were calculated using the Friedewald equation 

Apolipoprotein B-100 (apoB) concentrations were assayed on a Behring nephelometer 

(BN 100, Behring, Frankfurt, Germany) and were calibrated on international reference 

samples. Lp(a) concentrations were determined using chemiluminescent ELIS A as previously 

described '. High sensitivity C-reactive protein (CRP) was measured by latex-enhanced 

nephelometry (Dade Behring Inc. Newark, DFL, USA). 

Determination of OxPL/apoB Levels, Apolipoprotein B-100-
I m m u n e Complexes and Malondia ldehyde (MDA)-LDL 
autoantibody titers 
Chemiluminescent ELISA was used to measure all OxLDL markers. All samples for a 

given assay were run in a single assay and internal controls consisting of high and low 

standard plasma samples were included to detect potential variations between micro 

titration plates. Each sample was assayed in triplicate and data are expressed as relative 

light units (RLU) in 100 milliseconds. The intra-assay coefficients of variation for all 

assays were 6-10%. 
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Plasma titres of IgG and IgM apoB-IC and IgG and IgM MDA-LDL (1:200 plasma 

dilution) autoantibodies were measured as previously described ". The content of 

oxidized phospholipids (OxPL) per apoB-100 particle was determined using the murine 

m o n o c l o n a l a n t i b o d y E 0 6 ( O x L D L - E 0 6 ) , which specifically b inds to the 

phosphorylcholine head group of oxidized but not native phospholipids (reviewed in 

' and references therein). A 1:50 dilution of plasma in phosphate-buffered saline 

(PBS) is added to microtiter wells coated with the monoclonal antibody MB47, which 

specifically binds apoB-100 particles. Under these conditions, a saturating amount of 

apoB-100 is added to each well and consequently an equal number of apoB-100 particles 

are captured in each well for all assays. The content of OxPL per apoB-100 is then 

determined with biotinylated E06 as previously described ". Because the amount of 

apoB-100 bound to each plate is essentially identical for each plasma sample ' , we 

arbitrarily assigned the apoB-100 RLU value in the denominator as 1 and report the 

OxPL/apoB values as OxPL RLU counts only. 

The data for apoB-IC are presented in two ways: 1) as IC/apoB, which specifically 

quantifies the content of apoB-IC on each captured apoB-100 particle, and 2) as Total 

apoB-IC, which reflects the apoBTC content on all apoB-100 containing particles in 

plasma, by multiplying the plasma " I C / a p o B " value by the plasma apoB-100 levels 

measured independently. We have previously also reported Total levels of apoB-OxPL, 

derived by multiplying the OxPL/apoB ratio by plasma levels of apoB-100, in patients 

treated with statins. Because of the difficulty in determining the exact amount of 

OxPL on non-Lp(a)-apoB lipoproteins vs. Lp(a), this parameter may not completely 

reflect the plasma levels of apoB-associated OxPL. Therefore it is not reported here 

pending further validation. 

Statistical analysis 

In the FH group, mean values between the pravastatin group and the placebo group 

were compared using an independent sample t-test. Chi square tests were applied for 

comparing distributions of dichotomous data between these groups. Differences in 

baseline characteristics and OxLDL markers between FH children and healthy siblings 

were analyzed using linear or logistic regression analyses. Since some of these children 

were from the same family, these analyses were performed with generalized estimating 

equations (GEE) in the Statistical Analyses System (SAS) procedure G E N M O D to 
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account for correlations within families. In a stepwise multivariate analysis we adjusted 

for potential confounders. 

The effect of pravastatin on O x L D L markers, apoB-100 and Lp(a) levels was studied 

by comparing the difference in mean change between the pravastatin and the placebo 

group after 2-year treatment by analysis of covariance (ANCOVA), in which independent 

variables were treatment and baseline levels. Pearson and Spearmans correlations were 

used to summarize the relationship between OxLDL markers and Lp(a) and CRP at 

baseline and after 2 years. 

Variables with a skewed distribution were log-transformed before the analysis. A p-level 

of 0.05 was considered statistically significant (two sided). Statistical analyses were done 

with the SAS package version 9.1 (SAS Institute Ine, Cary, NC, USA). 

Results 

Baseline characteristics 
The baseline demographics and physical characteristics of the study group were described 

previously and were not significantly different between children with FH in the 

pravastatin group compared to the placebo group. There were no differences in those 

children with (N=178) and without (N=36) available blood samples for OxLDL 

measurements. Children with FH did not differ from unaffected siblings with regard to 

baseline characteristics, except for mean carotid IMT and age (Table 1). A molecular 

diagnosis of FH was obtained in 9 5 % of the children. None of the children with FH 

suffered from cardiovascular disease or had any cardiovascular symptoms. At baseline, 

5.6% of the F H children had tendinous xanthomas at physical examination and 6 .1% 

smoked regularly. Smoking status (p=0.80) as well as clinical characteristics (p=0.55) 

were equally distributed between both treatment groups. 

Baseline OxLDL markers, Lp(a) and lipoprotein levels in the study 
group and in unaffected siblings 
The baseline lipid levels, apoB-100, CRP, OxPL/apoB, apoB-immune complexes and 

MDA-LDL autoantibodies were similar between the pravastatin and placebo groups. 

However, the Lp(a) levels were borderline higher in the pravastatin group (median 
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levels 8.1 vs 7.4 mg/dl , p=0.049) (Table 1). 

Interestingly, compared to their unaffected siblings, children with FH had significantly 

lower levels of OxPL/apoB (P<0.001) and IgG IC/apoB (P=0.016) but higher levels 

of Total IgG apoB-IC, Total IgM apoB-IC and IgM MDA-LDL autoantibodies 

Table 1. Baseline characteristics, OxLDL Markers, Lipids and Lipoprotein levels in FH Children 
and Unaffected Siblings. 

Age 
Gender, male (%) 

FH 

Pravastatin 
n= 90 

12.9 (3.0) 
48 (53) 

Lipids and Lipoproteins 
Total-cholesterol 
HDL-cholesterol 
LDL-cholesterol 
Triglycerides 
Apo B-100 
Lp(a) 

hsCRP 
Carotid IMT 

OxLDL Markers 
OxPL/apoB* 

Autoantibodies to 
IgG* 
IgM 

303.1 (58.9) 
47.2 (10.1) 
238.8 (56.2) 

69.5 [51.2-114.5] 
140.4 (36.1) 

8.1 [4.4-20.5] 
0.03 [0.01-0.10] 

0.498 (0.056) 

2473 [1615-6610] 

MDA-LDL 
2497 [1682-3904] 

16337 (6856) 

Immune Complexes 
Total IgG ApoB-IC* 
Total IgM ApoB-IC 
IgG IC/ApoB 
IgM IC/Apo B 

3255 [2173-4782] 
4919 (3247) 

2344 [1742-3250] 
3537 (2835) 

Placebo 
n= 88 

12.9 (2.9) 
45 (51) 

301.0 (45.6) 
49.4 (11.1) 
237.5 (46.1) 

62.4 [41.2-92.6] 
140.0 (25.6) 

7.4 [2.8-13.2] 
0.02 [0.01-0.07] 

0.493 (0.049) 

2266 [1362-3920] 

2299 [1502-3307] 
16192 (6532) 

3285 [2515-4235] 
5004 (2858) 

2309 [1893-2972] 
3557 (1729) 

p-value 

0.985 
0.640 

0.787 
0.163 
0.865 
0.019 
0.918 
0.049 
0.088 
0.526 

0.430 

0.160 
0.885 

0.811 
0.853 
0.910 
0.945 

Siblings 

n= 78 

14.1 (3.0) 
42 (54) 

168.1 (25.3) 
55.7 (12.6) 
97.8 (23.0) 

53.1 [41.6-74.4] 
80.7 (16.4) 

6.7 [4.5-22.8] 
0.01 [0.01-0.03]+ 

0.480 (0.048) 

3864 [2847-11557] 

2589 [1608-4134] 
13534 (5273) 

2342 [1554-3141] 
2905 (1419) 

2871 [2154-3407] 
3691 (1717) 

i 2 p-value 

<0.001 
0.359 

<0.001 
<0.001 
<0.001 

0.015 
<0.001 

0.422 
0.004 
0.024 

<0.001 

0.761 
<0.001 

<0.001 
<0.001 

0.016 
0.518 

For Total ApoB-OxPL and Total ApoB-IC IgG and IgM units are relative light units (RLU.mg/dL) x 
103. For OxPL/ApoB IgG and IgM IC/ApoB and autoantibodies to MDA-LDL units are in RLU, Total 
cholesterol, HDL-C, LDL-C, Triglycerides, Apo B-100 and Lp(a) levels are in mg/dL, hsCRP levels 
are given in mg/L. Carotid IMT is given in mm. Age is given in years. Values are give in means and 
standard deviation * given as median and interquartile ranges between brackets, t hsCRP values 
were available from only 16 siblings. ' p-value t-test for pravastatin group versus placebo group, 
p-value for logistic regression analysis adjusted for family using generalized estimating equations 

(GEE) in SAS procedure GENMOD for FH versus siblings. To convert Total-C ,HDL-C and LDL-C 
levels in mmol/L divide by 38.67. To convert Triglycerides in mmol/L divide by 88.57. Abbreviations 
are given in text. 

197 



Chapter 13 

Table 2: Baseline and Two-Years Treatment Mean Levels of Lipids. Lipoproteins and OxLDL 
Markers in Children with Familial Hypercholesterolemia 

Lipids and Lipoproteins 
Total Cholesterol 
HDL-Cholesterol 
LDL-Cholesterol 
Triglycerides 
Apo B-100 
Lp(a) 

OxLDL Markers 
OxPL/ApoB* 

Autoantibodies to MDA-LDL 
IgG* 
IgM 

Immune Complexes 
Total IgG ApoB-IC * 
Total IgM ApoB-IC 
IgG IC/ApoB* 
IgM IC/ApoB 

Placebc 

Baseline (SD) 

301.0 (45.6) 
49.4 (11.1) 

237.5 (46.1) 
62.4 [41.2-92.6) 

140.0 (25.6) 
7.4 [2.8-13.2] 

2266 |1362-3920] 

2299 [1502-3307] 
16192 (6532) 

3285 [2515-4235] 
5004 (2858) 

2309 [1893-2972) 
3557 (1729) 

. (n=88) 

Two-years (SD) 

300.4 (56.0) 
19.9 (10.5) 

236.5 (56.2) 
61.1 [39.9-85.9] 

139.8 (31.4) 
7.4 [2.7-15.3] 

2658 [1587-4668] 

2385 [1527-3251] 
16213 (6263) 

2881 [2158-3891] 
5279 (3745) 

2096 [1691-2824] 
3733 (2184) 

p-value' 

0.837 
0.616 
0.767 
0.845 
0.882 
0.735 

0.003 

0.735 
0.966 

<0.001 
0.310 

<0.001 
0.273 

For total ApoB-IC IgG and IgM units are relative light units (RLU.mg/dL)xl03 For OxPL/ApoB, IgG 
and IgM. IgG IC/ApoB and autoantibodies to MDA-LDL units are in RL. Total cholesterol.HDL-C. 
LDL-C, Apo B-100 levels and Lp(a) are in mg/dL. Values are given as means and standard deviation 
* given as medians and interquartile ranges between brackets, t p-value within treatment group 

(P<0.001 for all, Table 1). N o significance differences were present in IgM IC/apoB, 

IgG MDA-LDL autoantibodies or Lp(a). As shown previously, a significant difference 

was present for apoB-100 levels and carotid IMT at baseline between children with FH 

and their unaffected siblings . 

Effect of pravastatin on absolute changes in OxLDL 

markers and Lp(a) 
As previously described, TC, LDL-C and apoB-100 levels decreased significandy in the 

pravastatin group (p<0.001 for all) after two years, whereas no significant change 

occurred in the placebo group (Table 2) . The absolute values of OxPL/apoB increased 

significantly in both the placebo (+718 ± 2674 RLU; P=0.003) and pravastatin (+2442 

± 4224 RLU; P<0.001) groups, however, it increased significandy more in the pravastatin 
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Pravastatin (n=90) 

Baseline (SD) Two-years (SD) p-value+ Differences (CI) p-value * 

303.1 (58.9) 
47.2 (10.1) 

238.8 (56.2) 
69.5 [51.2-114.5] 

140.4 (36.1) 
8.1 [4.4-20.5] 

246.8 (62.1) 
50.7 (12.1) 
180.9 (59.7) 

67.3 [42.5-100.0] 
114.0 (39.8) 

10.5 [5.9-22.1] 

<0.001 
0.001 

<0.001 
0.044 

<0.001 
<0.001 

-53.7 (-71.2 to-36.1) 
3.0 (0.3 to 5.8) 

-55.6 (-72.8 to -38.3) 
-9.5 (-22.5 to 3.6) 

-26.1 (-33.7 to -18.5) 
1.3 (0.1 to 2.4) 

<0.001 
0.073 

<0.001 
0.756 

<0.001 
0.061 

2473(1615-6610] 3863 [2052-11933] <0.001 1970 (818 to 3123) 0.003 

2497 [1682-3904] 2365(1815-3844] 0.209 -51 (-537 to 435) 0.976 
16337 (6856) 159001 (6593) 0.314 -512 (-1812 to 787) 0.491 

3255 [2173-4782] 2342 [1686-3934) <0.001 -612 (-1090 to -133) <0.001 
4919(3247) 3936(2769) <0.001 -1327 (-1970 to -685) <0.001 

2344(1742-3250] 2281(1726-3050] 0.013 56 (-246 to 358) 0.298 
3537(2835) 3114(1847) 0.138 -332 (-692 to 29) 0.085 

t-test for change after two years. $ p-value for differences after two years between treatment 
groups (ANCOVA). To convert Total-cholesterol .HDL-C and LDL-C levels in mmol/L divide by 
38.67. To convert Triglycerides in mmol/L divide by 88.57. Abbreviations are given in text 

group compared to placebo (P<0.001, Table 2). This is consistent with previous studies 

showing similar increases in O x P L / a p o B in response to low fat diets 17 and high-dose 
1 Q 

atorvastaun . The Total IgG apoB-IC decreased in both the placebo (-529 ± 1313 

RLU -mg/dL, p<0.001) and the pravastatin group (-1146 ± 1873 RLU.mg/dL, P<0.001), 

but significantly more so in the pravastatin group (-612 RLU m g / d L , 95%CI: -1090 to 

-133, P<0.001). The Total IgM apoB-IC only decreased in the pravastatin group (-983 

± 1540 RLU m g / d L , P<0.001) The IgG IC/apoB decreased in both the control and 

pravastatin groups. There were no significant differences between the pravastatin and 

placebo groups in IgM IC/apoB, or IgG and IgM MDA-LDL autoantibodies. 

Interestingly, absolute values of Lp(a) also increased significantly in the pravastatin 

arm (+2.1 m g / d L ± 3.7, p<0.001) but not in the control group, as also documented 

previously in response to low fat diets and atorvastatin 17'18. In the entire cohort, a 
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Figure 1: Correlations between OxPL/apoB and Lp(a) in FH children at baseline and after 2 years 
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strong correlation was noted between O x P L / a p o B and Lp(a) at baseline(r=0.84; 

P<0.001) and 2 years (r=0.92; P<0.001, Figure 1). 

Effect of pravastatin on relative changes in OxLDL 
markers and Lp(a) 
As compared to placebo, pravastatin significantly increased OxPL/apoB (absolute mean 

increase of 19.4%, P=0.028) and Lp(a) (absolute mean increase of 11.2%, P=0.044) 

but significantly decreased Total IgM apoB-IC and Total IgG apoB-IC (Figure 2). N o 

significant changes were noted in IgG and IgM apoB-IC or IgG and IgM MDA-LDL 

autoantibodies from baseline to 2 years. 

Relationship among OxLDL markers, CRP and carotid IMT 
In the entire FH cohort, OxPL/apoB correlated weakly with IgG MDA-LDL (r=0.17, 

P=0.023) but not with other OxLDL markers or lipid parameters. IgM MDA-LDL 

autoantibodies correlated with IgM apoB-IC (r=0.62 P<0.001) and similarly IgG MDA-

LDL autoantibodies correlated with IgG apoB-IC (r=0.34, P<0.001). An inverse but 

weak correlation was noted between LDL-C and IgG MDA-LDL (r—0.15, P=0.0049). 

In contrast, in the siblings, there was a positive correlation between LDL-C and IgG 

MDA-LDL (t-0.29, P=0.013). There was a modest positive correlation of hsCRP with 

OxPL/apoB (r=0.16, p=0.038) and Lp(a) (r=0.17, p=0.025) at baseline in the FH group 

but not with the other OxLDL markers. None of the OxLDL markers, Lp(a) or hsCRP 

predicted the baseline or the change in carotid IMT following pravastatin treatment. 

Discussion 

This study demonstrates that children with FH have significantly higher concentrations 

of apoB-immune complexes and MDA-LDL autoantibodies but lower levels of OxLDL 

compared to unaffected siblings, suggesting immune interactions between circulating 

OxLDL and O x L D L autoantibodies. Furthermore, pravastatin treatment of children 

with FH decreased total levels of apoB-associated immune complexes but actually 

increased OxPL/apoB levels, in parallel with similar increases in Lp(a) levels. Consistent 

with our previous hypothesis, these changes may represent mobilization of OxPL into 
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the circulation from peripheral sources and upregulation of Lp(a) levels by statins 
i i T / \ 8,13,16,18,19 

a n d / o r OxPL which have been shown to be strongly bound by Lp(a) , as 

opposed to other apoB-containing lipoproteins. 

Children with FH are characterized by elevated LDL-C levels at birth and more rapid 

p r o g r e s s i o n to clinical C V D as they b e c o m e y o u n g adu l t s c o m p a r e d to 

normocholesterolemic children. Even in the pediatric period, they already have evidence 

of subclinical atherosclerosis with increased carotid IMT l'2 and endothelial dysfunction 

compared to similar aged controls 3'2U'21. In this group, it is not clear if these subclinical 

abnormalities are purely mediated by LDL-C levels without significant additional 

cardiovascular risk factors or through additional inflammatory or oxidative pathways. 

Only recently have statin studies been performed in this group and the results are 

generally favorable with significant decreases in LDL-C levels without apparent adverse 

effects over 1-2 year treatment period 4 ' 2 2 2 4 . Pravastatin has been shown to induce 

carotid IMT regression 4 and simvastatin to improve endothelial function "' in children 

with FH. In addition, oral antioxidant vitamins C (500 mg/day) and E (400 IU/day) 

have also been shown to improve brachial flow mediated dilatation in children with FH 
26, but interestingly, did not affect the levels of the same O x L D L markers as measured 

in this study nor other markers of oxidation such as F2-isoprostanes. 

In this study we aimed to address the role of oxidative stress, and specifically the role 

of OxLDL markers in atherogenesis, in children with FH treated with pravastatin. In 

adults, a significant amount of data exists on the role of autoantibodies to OxLDL and 

their impact on atherogenesis. Although results are equivocal, it appears that IgG 

autoantibodies are positively associated with various manifestations of CVD, whereas 

IgM autoantibodies may be protective 27 '28. However, although they may play a role in 

modifying atherogenesis, it has not been conclusively established whether they have 

independent predictive value as biomarkers for CVD above and beyond traditional 

cardiovascular risk factors. In addition, data is now emerging from several laboratories 

that circulating OxLDL, measured by different antibodies, is associated with clinical 

and angiographic CVD and plaque disruption as noted in ACS and percutaneous coronary 

intervention (PCI) ?'9"13. A major limitation in this field is the scarcity of prospective 

studies that limits our understanding of their role in the development of CVD. In 

addition, although these measures are clearly interrelated, most studies do not measure 

circulating OxLDL, immune complexes and OxLDL autoantibodies in the same dataset, 
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which would provide a more complete assessment and a better definition of their role 

in atherogenesis. In children, particularly in those with FH where a clinical imperative is 

present to identify mechanisms of disease progression to initiate preventative measures 

early in the disease process, similar information is not available. 

OxLDL Markers in Children with FH and Unaffected Siblings 
To our knowledge, this study is the first to show that children with FH are characterized 

by higher levels of apoB-immune complexes and IgM MDA-LDL autoantibodies and 

lower levels of OxPL/apoB than their unaffected siblings, even after adjustment for 

age. The higher levels of apoB-immune complexes and MDA-LDL autoantibodies are 

potentially attributed to immunologic responses to the presence of OxLDL in the 

vessel wall and possibly to smaller quantities of OxLDL in the circulation. Consistent 

with this, it has been shown that aortas from human fetuses, in whom the mothers 

were hypercholesterolemic, contain O x L D L even prior to monocyte recruitment 29, 

suggesting that OxLDL is present a prion'in early human lesions prior to inflammatory 

components. OxLDL is both immunogenic and pro-inflammatory 30 '31 and the data in 

the current report is consistent with a pro-inflammatory mechanism since several studies 

in adults have documented increased O x L D L autoantibodies in patients with CVD. 

Interestingly, OxPL/apoB levels in the children with FH were actually significantly 

lower than unaffected siblings. Although the explanation for this is not apparent from 

this dataset, one may postulate clearance of O x L D L by p r e f o r m e d O x L D L 

autoantibodies and subsequent generation of immune complexes as a mechanism, as 

implied by higher levels of apoB-IC in the children with FH. In adults, it has been 

shown that a weak but significant inverse correlation exists between O x L D L 

autoantibodies and OxLDL levels, measured by antibody D L H 3 which binds a similar 

epitope as antibody E06 . 

OxLDL Markers in Response to Pravastatin in Children with FH 
O x P L / a p o B levels strongly correlate with the presence and extent of angiographic 

CAD and are increased in ACS , immediately following P C I 1 6 but interestingly, also 

increase in response to atorvastatin and low fat diets 1? '18. In the Myocardial Ischemia 

Reduction with Aggressive Cholesterol Lowering (MIRACL) Study, we evaluated the 

role of oxidized phospholipids present on apolipoprotein B-100 (OxPL/apoB) in 
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response to high dose atorvastatin and showed that the OxPL/apoB ratio was significantly 

increased in response to atorvastatin 80 mg, in concert with a proportional increase in 

lipoprotein (a) [Lp(a)] levels. The reasons for the increase in OxPL/apoB and Lp(a) in 

response to statins (or low fat diet) is not yet determined, but several other statin 

studies have also suggested small and even moderate increases in Lp(a) levels ~ . For 

example, Kostner et al showed a dose-response in increase in Lp(a) levels with lovastatin 

(0 mg, no change, 20 mg, +27%, 40 mg + 2 3 % , 60 mg +29%, 80 mg, +34%). We have 

shown that OxPL are preferentially bound to Lp(a), as opposed to other apoB-containing 

lipoproteins, both bound to apolipoprotein (a) ' as well as in the lipid phase of Lp(a) 

(Tsimikas/Witztum, unpublished observations). Consistent with the observations in 

this study, atorvastatin was also shown to significantly decrease Total IgG and IgM 

apoB-lC compared to placebo in the MIRACL study. 

Based on the above studies, we have postulated that Lp(a) may function to bind, 
1 8 

transport and potentially detoxify OxPL that are generated through oxidative stress . 

The reason for this increase OxPL/apoB in response to statins, which may seem 

paradoxical with other beneficial properties of statins, has not been fully elucidated but 

is clearly now a consistent finding in response to atorvastatin and pravastatin as well as 

in response to low fat diets, conditions where one might postulate a flux of OxPL from 

peripheral storage sites, such as the vessel wall. For example, the control group of this 

study, ingesting 32.6% total fat and 12.1% saturated fat after counselling on an A H A 

step II diet4 , also had increases in OxPL/apoB and Lp(a), but lower than the pravastatin 

group. This is consistent with the data by Silaste et al showing an increase in O x P L / 

apoB and Lp(a) by approximately 25% and 9%, respectively, after 5 weeks of medically-

supervised low fat diets. The explanations for these findings still need to be determined. 

One possibility is that Lp(a) is upregulated in response to statins or low fat diet and 

binds OxPL that may be derived from peripheral sources, such as the vessel wall. We 

have recently shown that placing LDLR_/" mice with pre-existing atherosclerosis on low 

fat diets results in a marked reduction in OxPL immunostaining of atherosclerotic 

plaques, even prior to complete lesion regression and cholesterol removal from the 

vessel wall, suggesting that efflux of OxPL from the vessel wall is a very early 

phenomenon during atherosclerosis regression ' . Additional animal data from our 

laboratory (Tsimikas/Witztum, unpublished observations) in several animal models 

with or without Lp(a), also suggests that with increase in the plasma OxPL/apoB levels 
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following low fat diets there is concomitant reduction of OxPL immunostaining in the 

vessel wall, suggesting an efflux of OxPL from the vessel wall to the circulation. 

In the current study, none of the OxLDL markers, Lp(a) or hs-CRP predicted change 

in carotid IMT. In this group whose primary risk factor was elevated LDL-C, and even 

after pravastatin treatment where LDL-C was still elevated at 181 mg/dl , it is likely 

that the changes in IMT were mainly mediated by this atherogenic lipoprotein rather 

than additional inflammatory components. It is not known if these OxLDL markers 

would predict changes in IMT with a longer follow-up period. 

In summary, this study suggests that children with F H are characterized by unique 

changes in O x L D L markers suggesting immune activation to OxLDL. Furthermore, 

pravastatin treatment decreased total levels of apoB-associated immune complexes 

but actually increased OxPL/apoB levels, in parallel with similar increases in Lp(a) 

levels, which may represent a potential novel mechanism of mobilization and clearance 

of OxPL. Additional long-term studies in children are needed to establish whether 

these markers ultimately predict cardiovascular outcomes . 
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