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Abstract 

Immunization with malondialdehyde (MDA)-modified peptides corresponding to the amino 

acid sequence between 661 and 680 in apo B-100 (p45) inhibits atherosclerosis in apo E 

knockout mice. The same effect can be obtained by treating the mice with recombinant anti-

MDA-p45 IgG, suggesting that these antibodies have atheroprotective effects. In the present 

study we analyzed if autoantibodies against p45 and MDA-p45 are related to carotid 

atherosclerosis and acute cardiovascular events in humans. Using a nested case control design 

we determined plasma levels of IgG recognizing native and MDA-modified p45 in baseline 

samples from 75 subjects with acute myocardial infarction or sudden cardiac death and 148 

matched controls. The control group was found to have significantly higher levels of p45 IgG 

than the cases. Moreover, an independent association was found between high levels of 

MDA-p45 IgG and a low degree of carotid stenosis (p=0.006). There was a high degree of co-

variation between IgG binding to native p45 and MDA-p45 (r=0.68, P<0.0001) The 

associations between lower levels of autoantibodies against the apo B-100 p45 sequence and 

cardiovascular disease are in agreement with previous experimental studies demonstrating 

that these antibodies have atheroprotective effects. Our findings support the notion that the 

p45 sequence of apo B-100 is a potential target for immunomodulatory treatment of 

atherosclerosis in humans. 
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Activation of adaptive immunity plays an important role in the development of atherosclerosis 

[1,2]. T cells in human atherosclerotic plaques recognize epitopes in oxidized LDL when 

presented by macrophage MHC class II molecules [3] and autoantibodies against oxidized 

LDL are commonly expressed in man, suggesting that oxidized LDL is an important antigen 

in atherosclerosis [4,5]. Several lines of evidence favour the concept that adaptive immune 

responses are activated as part of the disease process and promote inflammation and plaque 

growth [1,2]. However, immunization with oxidized LDL has also been shown to reduce 

atherosclerosis, demonstrating the existence of an atheroprotective immune reaction to 

oxidized LDL [5-11]. Oxidized phospholipids [12] and aldehyde-modified peptide sequences 

in apo B-100 [13] are the major targets for the immune system in oxidized LDL. We have 

previously demonstrated that high IgM levels against a number of different aldehyde-

modified peptide sequences in apo B-100 are associated with increased severity of carotid 

disease and risk for development of acute myocardial infarction [13]. Immunization of apo E 

knockout (KO) mice with some of these native and aldehyde-modified apo B-100 peptide 

sequences induces an immunoglobulin switch from IgM to IgG that is accompanied by an 

inhibition of atherosclerosis [14-16]. To study the possible atheroprotective effects of this IgG 

we produced recombinant human IgG1 specific for a malondialdehyde (MDA)-modified 

peptide corresponding to the sequence between amino acids 661 and 680 in apo B-100 (p45) 

[17]. Subcutaneous immunization with MDA-p45 peptide has previously been shown to 

inhibit atherosclerosis by about 50% in apo E KO mice [15].  A similar inhibition of 

atherosclerosis was observed in apo E KO mice following three weekly injections of 

recombinant anti-MDA-p45 IgG. Taken together these results suggest that IgG recognizing 

the MDA-modified peptide sequence between amino acids 661 and 680 in apo B-100 may 

protect against atherosclerosis. 
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The aim of the present study was to investigate plasma levels of p45 IgG autoantibodies in 

subjects with and without acute cardiac events as well as the association between these 

autoantibodies and the severity of atherosclerosis in the carotid artery as determined by B-

mode ultrasound in humans.  

 

Material and Methods 

Study population 

The study subjects, born between 1926 and 1945, were recruited from the “Malmö Diet and 

Cancer (MDC)” study cohort as previously described [13] Participants who had a history of 

myocardial infarction or stroke prior to enrolment were not eligible for the present study. The 

study population consisted of 223 subjects, 75 cases that developed acute cardiac events, i.e. 

fatal or non-fatal myocardial infarction or deaths due to coronary heart disease during follow-up 

and 148 controls matched for age, sex, smoking habits, presence of hypertension, month of 

participation in the screening examination and duration of follow-up. For two of the cases it was 

only possible to find one instead of two matching controls. The ethical committee of Lund 

University, Sweden approved the study. 

 

Laboratory analyses  

After overnight fasting blood samples were drawn for the determination of serum values of 

total cholesterol, triglycerides, HDL cholesterol, LDL cholesterol and whole blood glucose. 

LDL cholesterol in mM was calculated according to the Friedewald formula. Oxidized LDL 

was measured using ELISA (Mercodia, Uppsala, Sweden) in EDTA plasma supplemented 

with the antioxidants DTPA and BHT.  
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B-mode ultrasound vasculography 

An Acuson 128 Computed Tomography System (Acuson, Mountain View, California) with a 

7 MHz transducer was used for the assessment of percent carotid stenosis as described 

previously [18].  

  

 
Determination of p45 and MDA-p45 IgG 

A 20 amino acid long peptide corresponding to the sequence between amino acids 661 and 

680 in human apo B-100 (p45; IEIGLEGKGFEPTLEALFGK) was produced  (KJ Ross 

Petersen AS, Horsholm, Denmark) and used in ELISA. The peptide was modified by 

treatment with 0.5 M MDA [19] for 3 h at 37 °C. The MDA-modified peptide was dialyzed 

against PBS containing 1 mM EDTA with several changes for 18 h at 4 °C. The MDA 

modification of peptide was assessed using the thiobarbituric acid reactive substances 

(TBARS) assay as described [13]. The aldehyde content of the modified peptide was 0.022 

nmol per µg peptide. The native and MDA-modified peptides were diluted in PBS pH 7.4 (20 

µg/ml) and absorbed to microtiter plate wells (Nunc MaxiSorp, Nunc, Roskilde, Denmark) in 

an overnight incubation at 4 °C. After washing with PBS containing 0.1% Tween-20 (PBS-T) 

the coated plates were blocked with SuperBlock in TBS (Pierce, Rockford, Illinois) for 5 min 

at room temperature followed by an incubation test plasma, diluted 1/100 in TBS-0.1% 

Tween-20 containing 10% Superblock (TBS-T) for 2 h at RT and overnight at 4 °C. After 

rinsing, deposition of autoantibodies directed to the peptides was detected using mouse anti-

human IgG antibodies (Sigma, St Louis, MO) appropriately diluted in TBS-T. After 

incubation for 3 h at room temperature the plates were washed and the bound antibodies were 

detected by alkaline phosphatase conjugated goat anti-mouse IgG (Sigma), incubated for 2 h 

at room temperature. The colour reaction was developed by using phosphatase substrate kit 
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(Pierce) and the absorbance at 405 nm was measured after 2 h of incubation at room 

temperature.  

 

Statistics 

Statistical analysis was done using SPSS. The results are presented as median and range and 

as proportions when appropriate. Spearman rank correlation coefficients were calculated to 

evaluate associations between p45 IgG, risk factors and carotid stenosis. Mann-Whitney test 

was used to assess differences between groups. Chi-square test was used for comparing 

proportions. Multiple regression analysis was used to study independent correlations between 

carotid stenosis and other variables. 

 

Results 

Using a nested case control design we selected 75 subjects with coronary events (acute 

myocardial infarction or death due to coronary heart disease) and 148 controls matched for 

age, sex, smoking and hypertension from the Malmö Diet Cancer Study. The median time 

from inclusion to the acute coronary event was 2.8 years (range 0.1-5.9 years) among cases. 

The baseline characteristics of the study groups are shown in the table. The cases were 

characterized by having higher plasma triglycerides (P<0.05) and lower levels of IgG against 

native p45 (P<0.05). There was no association between plasma levels of native or MDA-p45-

IgG and time from inclusion to the acute event among the cases. There were no significant 

differences in lipoprotein lipids, oxidized LDL or glucose between cases and controls.  

 

Associations between p45 IgG, oxidized LDL and cardiovascular risk factors 

There was a high degree of co-variation between IgG binding to native p45 and MDA-p45 

(r=0.68, P<0.0001, figure1), suggesting that these antibodies to some extent may recognize 
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the same epitope. There was a weak association between high levels of MDA-p45 IgG and 

decreased levels of oxidized LDL in plasma (r=-0.17, P<0.05). Both p45 and MDA-p45 IgG 

levels showed inverse association with fasting glucose (r=-0.13, P<0.05 and r=-0.21, 

P<0.005), but otherwise there were no significant associations between antibody levels and 

age, gender, BMI, systolic blood pressure, diastolic blood pressure, LDL cholesterol,  HDL 

cholesterol and triglycerides. The plasma level of oxidized LDL increased with age (r=0.34, 

P<0.0005) and was also significantly associated with LDL cholesterol (r=0.44, P<0.0005), 

HDL cholesterol (r=-0.22, P=0.001), triglycerides (r=0.35, P<0.0005), insulin (r=0.21, 

P<0.005) and BMI (r=0.14, P<0.05) 

 

Associations between p45 IgG, oxidized LDL and carotid stenosis 

The severity of carotid disease was assessed using B-mode ultrasound by determining the 

percent carotid stenosis at the baseline investigation. Cases were characterized by a more 

severe degree of carotid stenosis (P<0.05; Table). Low levels of MDA-p45 IgG were 

associated with a higher degree of carotid stenosis both among controls (r=-0.19, P<0.05) and 

cases (r=-0.31, P<0.05), as well as in the study group as a whole (r=-0.23, P<0.001).  Figure 2 

depicts the percent of carotid stenosis in the whole study group divided into tertiles according 

to MDA-p45 IgG levels. The mean percent carotid stenosis was almost twice as high among 

those in the lowest tertile of MDA-p45 IgG as compared to those in the highest tertile 

(14.6±13.7 % versus 7.6±9.6%, P=0.001). The inverse association between MDA-p45 IgG 

and degree of carotid stenosis remained statistically significant also after adjusting for age, 

gender, lipoprotein lipids and blood pressure in multiple regression analysis (P=0.006). There 

was no significant association between plasma oxidized LDL, native p45 IgG and carotid 

stenosis. 
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Discussion 

The present observations suggest that subjects with low levels of IgG autoantibodies against 

the p45 sequence of apo B-100 have increased severity of carotid disease and risk for 

development of myocardial infarction and sudden cardiac death. These results are in good 

agreement with our previous experimental studies demonstrating that immunization of apo E 

KO mice with MDA-p45 peptide results in an increase in specific IgG associated with a 

decrease in aortic plaque area and plaque content of inflammatory cells [15] . Moreover, 

treatment of apo E KO mice with human recombinant IgG specific for the MDA-p45 

sequences also reduced aortic plaque area and decreased plaque inflammation [17]. Taken 

together these observations support the notion that the p45 sequence of apo B-100 (amino 

acids 661-680) is a potential target for immunomodulatory treatment of atherosclerosis. 

 

We have previously shown that in humans most autoantibodies against MDA-p45 are of IgM 

type and that the plasma levels of these IgM decrease with age. Among subjects 61 years or 

younger high levels of MDA-p45 IgM was associated with increased carotid IMT and risk for 

development of acute coronary events. [13]. The finding that IgG and IgM against MDA-p45 

have opposite associations with the severity of carotid disease suggests the interesting 

possibility that switching antibody expression from IgM to IgG may be part of an endogenous 

defence mechanism against atherosclerosis. Several other studies have provided support for 

the existence of an antibody-mediated protection against atherosclerosis. Using a bone 

marrow transplantation strategy, Major et al  [20]. demonstrated that B cell deficiency in LDL 

receptor KO mice was associated with a reduced level of anti-oxidized LDL antibody and 

increased atherosclerosis. Increased atherosclerosis has also been observed in apo E KO mice 

following removal of the spleen and this effect is completely inhibited by transfer of isolated 
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splenic B cells [21]. The increased atherosclerosis observed in Rag-1 mice in response to 

carotid cuff-injury is diminished by transfer of spleen B cells from wild type mice [22]. In apo 

E KO mice immunized with MDA-LDL there is a significant association between the increase 

in specific IgG and inhibition of atherosclerosis [11]. Moreover, the development of 

atherosclerosis in these mice has been found to be reduced by repeated injections of 

polyclonal human IgG [23]. 

 

Although there was a substantial correlation between the levels of IgG against the native and 

MDA-modified form of p45 in the present study, they differed to some extent in their pattern 

of association with cardiovascular disease. While the level of IgG against native p45 was 

higher among controls there was no association with the severity of carotid stenosis. In 

contrast, the levels of IgG against MDA-p45 showed significant inverse correlation with the 

severity of carotid stenosis among both cases and controls. The reason for the different 

associations for IgG against native and MDA-p45 remains to be fully understood, but may 

reflect that they are generated at different stages of LDL oxidation. However, the close 

association between autoantibodies against the native and MDA-modified sequences suggests 

that they reflect the same biological process 

 

The generation of oxidized LDL is believed to be a crucial factor in the initiation as well as 

the progression of atherosclerosis [24]. It is generally believed that oxidation of LDL 

primarily takes place in the arterial wall but some of this oxidized LDL appears to 

subsequently leak back out into the circulation. Tsimikas et al [25] have recently reported that 

circulating levels of oxidized LDL are strongly related to the severity of coronary artery 

disease. We have also observed a correlation between high levels of oxidized LDL in plasma 

and metabolic factors characteristic for the metabolic syndrome, including low HDL 
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cholesterol, high triglycerides, high insulin and increased BMI. Additionally, a weak 

association was observed between high levels of MDA-p45 IgG and decreased levels of 

oxidized LDL in plasma, suggesting that these antibodies may help to clear circulating 

oxidized LDL from plasma.  

 

There are some limitations to the present study that need to be considered. The patient 

population studied is relatively small and there is a considerable overlap in p45 IgG levels 

between cases and controls. Accordingly, these studies do not provide sufficient support for a 

role of p45 IgG measurements in individual risk stratification. The importance of the present 

findings is given by the clinical support they provide to previous experimental studies 

demonstrating an atheroprotective effect of immune responses against the p45 apo B sequence 

as expressed in oxidized LDL. In conclusion, our findings provide the first clinical support to 

the notion that the p45 epitope is a feasible target for active immunization and/or treatment 

with recombinant humanized antibodies in humans.  

 

Acknowledgments 

This study was supported by grants from the Swedish Medical Research Council, 

the Swedish Heart-Lung foundation, the Söderberg foundation, the Crafoord 

foundation, The Bergvall foundation, the Swedish Society of Medicine, the Royal 

Physiographic Society, the Malmö University Hospital foundation, the Lundström 

foundation and a grant from the Eisner Foundation to PKS.  



 11

References 

1. Binder CJ, Chang MK, Shaw PX, Miller YI, Hartvigsen K, Dewan A, Witztum JL. Innate 
and acquired immunity in atherogenesis. Nat Med 2002, 8:1218-1226. 

2. Hansson GK, Libby P, Schonbeck U, Yan ZQ. Innate and adaptive immunity in the 
pathogenesis of atherosclerosis. Circ Res 2002, 91:281-291. 

3. Stemme S, Faber B, Holm J, Wiklund O, Witztum JL, Hansson GK. T lymphocytes from 
human atherosclerotic plaques recognize oxidized low density lipoprotein. Proc Natl 
Acad Sci U S A 1995, 92:3893-3897. 

4. Palinski W, Rosenfeld ME, Yla-Herttuala S, Gurtner GC, Socher SS, Butler SW, 
Parthasarathy S, Carew TE, Steinberg D, Witztum JL. Low density lipoprotein 
undergoes oxidative modification in vivo. Proc Natl Acad Sci U S A 1989, 86:1372-
1376. 

5. Chyu KY, Reyes OS, Zhao X, Yano J, Dimayuga P, Nilsson J, Cercek B, Shah PK. Timing 
affects the efficacy of LDL immunization on atherosclerotic lesions in apo E (-/-) 
mice. Atherosclerosis 2004, 176:27-35. 

6. Palinski W, Miller E, Witztum JL. Immunization of low density lipoprotein (LDL) 
receptor-deficient rabbits with homologous malondialdehyde-modified LDL reduces 
atherogenesis. Proc Natl Acad Sci U S A 1995, 92:821-825. 

7. Ameli S, Hultgardh-Nilsson A, Regnstrom J, Calara F, Yano J, Cercek B, Shah PK, 
Nilsson J. Effect of immunization with homologous LDL and oxidized LDL on early 
atherosclerosis in hypercholesterolemic rabbits. Arterioscler Thromb Vasc Biol 1996, 
16:1074-1079. 

8. Nilsson J, Calara F, Regnstrom J, Hultgardh-Nilsson A, Ameli S, Cercek B, Shah PK. 
Immunization with homologous oxidized low density lipoprotein reduces neointimal 
formation after balloon injury in hypercholesterolemic rabbits. J Am Coll Cardiol 
1997, 30:1886-1891. 

9. Freigang S, Horkko S, Miller E, Witztum JL, Palinski W. Immunization of LDL receptor-
deficient mice with homologous malondialdehyde-modified and native LDL reduces 
progression of atherosclerosis by mechanisms other than induction of high titers of 
antibodies to oxidative neoepitopes. Arterioscler Thromb Vasc Biol 1998, 18:1972-
1982. 

10. George J, Afek A, Gilburd B, Levkovitz H, Shaish A, Goldberg I, Kopolovic Y, Wick G, 
Shoenfeld Y, Harats D. Hyperimmunization of apo-E-deficient mice with homologous 
malondialdehyde low-density lipoprotein suppresses early atherogenesis. 
Atherosclerosis 1998, 138:147-152. 

11. Zhou X, Caligiuri G, Hamsten A, Lefvert AK, Hansson GK. LDL immunization induces 
T-cell-dependent antibody formation and protection against atherosclerosis. 
Arterioscler Thromb Vasc Biol 2001, 21:108-114. 

12. Shaw PX, Horkko S, Chang MK, Curtiss LK, Palinski W, Silverman GJ, Witztum JL. 
Natural antibodies with the T15 idiotype may act in atherosclerosis, apoptotic 
clearance, and protective immunity. J Clin Invest 2000, 105:1731-1740. 

13. Fredrikson GN, Hedblad B, Berglund G, Alm R, Ares M, Cercek B, Chyu KY, Shah PK, 
Nilsson J. Identification of immune responses against aldehyde-modified peptide 
sequences in apo B-100 associated with cardiovascular disease. Arterioscler Thromb 
Vasc Biol 2003, 23:872-878. 

14. Fredrikson GN, Soderberg I, Lindholm M, Dimayuga P, Chyu KY, Shah PK, Nilsson J. 
Inhibition of Atherosclerosis in ApoE-Null Mice by Immunization with ApoB-100 
Peptide Sequences. Arterioscler Thromb Vasc Biol 2003, 23:879-884. 



 12

15. Fredrikson GN, Andersson L, Soderberg I, Dimayuga P, Chyu KY, Shah PK, Nilsson J. 
Atheroprotective immunization with MDA-modified apo B-100 peptide sequences is 
associated with activation of Th2 specific antibody expression. Autoimmunity 2005, 
38:171-179. 

16. Chyu KY, Zhao X, Reyes OS, Babbidge SM, Dimayuga PC, Yano J, Cercek B, 
Fredrikson GN, Nilsson J, Shah PK. Immunization using an Apo B-100 related 
epitope reduces atherosclerosis and plaque inflammation in hypercholesterolemic apo 
E (-/-) mice. Biochem Biophys Res Commun 2005, 338:1982-1989. 

17. Schiopu A, Bengtsson J, Soderberg I, Janciauskiene S, Lindgren S, Ares MP, Shah PK, 
Carlsson R, Nilsson J, Fredrikson GN. Recombinant human antibodies against 
aldehyde-modified apolipoprotein B-100 peptide sequences inhibit atherosclerosis. 
Circulation 2004, 110:2047-2052. 

18. Hedblad B, Wikstrand J, Janzon L, Wedel H, Berglund G. Low dose metropolol CR/XL 
and fluvastatin slow progression of carotid intima-media thickness (IMT). Main 
results from the beta-blocker cholesterol asymptomatic plaque study (BCAPS). 
Circulation 2001, 103:1721-1726. 

19. Palinski W, Yla-Herttuala S, Rosenfeld ME, Butler SW, Socher SA, Parthasarathy S, 
Curtiss LK, Witztum JL. Antisera and monoclonal antibodies specific for epitopes 
generated during oxidative modification of low density lipoprotein. Arteriosclerosis 
1990, 10:325-335. 

20. Major AS, Fazio S, Linton MF. B-lymphocyte deficiency increases atherosclerosis in 
LDL receptor-null mice. Arterioscler Thromb Vasc Biol 2002, 22:1892-1898. 

21. Caligiuri G, Nicoletti A, Poirier B, Hansson GK. Protective immunity against 
atherosclerosis carried by B cells of hypercholesterolemic mice. J Clin Invest 2002, 
109:745-753. 

22. Dimayuga P, Cercek B, Oguchi S, Fredrikson GN, Yano J, Shah PK, Jovinge S, Nilsson J. 
Inhibitory effect on arterial injury-induced neointimal formation by adoptive B-cell 
transfer in Rag-1 knockout mice. Arterioscler Thromb Vasc Biol 2002, 22:644-649. 

23. Nicoletti A, Kaveri S, Caligiuri G, Bariety J, Hansson GK. Immunoglobulin treatment 
reduces atherosclerosis in apo E knockout mice. J Clin Invest 1998, 102:910-918. 

24. Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N Engl J Med 
2005, 352:1685-1695. 

25. Tsimikas S, Brilakis ES, Miller ER, McConnell JP, Lennon RJ, Kornman KS, Witztum 
JL, Berger PB. Oxidized phospholipids, Lp(a) lipoprotein, and coronary artery disease. 
N Engl J Med 2005, 353:46-57. 



 13

TABLE. Baseline characteristics of subjects with coronary events (myocardial infarction or 
deaths due to CHD), and controls matched for age, sex, smoking, hypertension and 
examination period. Values are expressed as median (range) or as proportions. 
 
 Subjects 
 Cases Controls 
Number 75 148 
  Age (years) 61 (49 – 67) 61 (49 – 67) 
  Male sex (%) 70 69 
Life style factors   
  Never smoked (%) 29 26 
  Former smokers (%) 44 48 
  Current smokers (%) 27 26 
Anthropomorphic and blood glucose 
status 

  

  BMI (kg/m2) 26.4 (18.6 – 36.5) 26.3 (16.0 – 40.6) 
  Blood glucose (mM) 5.0 (3.6 – 21.4) 4.9 (3.8 – 12.0) 
  Diabetes mellitus (%) 18 11 
  Anti-diabetic medication (%) 13 3 
Blood pressure status   
  Diastolic blood pressure (mm Hg) 90 (74 –126) 90 (70 –130) 
  Systolic blood pressure (mm Hg)  150 (108 –200) 154 (112 –210) 
  Hypertension (%) 64 64 
  BP lowering medication (%) 30 23 
Blood lipid status   
  Total cholesterol (mM) 6.28 (3.47 – 8.24) 6.00 (4.08 – 9.90) 
  LDL-cholesterol (mM) 4.4 (1.7 – 6.2) 4.0 (1.6 – 7.6) 
  HDL-cholesterol (mM) 1.1 (0.6 – 2.5) 1.2 (0.6 –2.9) 
  Oxidized LDL (U/L) 86.6 (34.9 - 184.0) 85.9 (32.7 – 163.4) 
  Triglycerides (mM) 1.5 (0.5 – 10.0)* 1.2 (0.4 – 7.3) 
  Lipid-lowering medication (%) 12 6 
IgG against p45   

  IgG against native p45 (abs units) 0.09 (0-1.75)* 0.16 (0-1.87) 

  IgG against MDA-p45 (abs units) 0.14 (0-1.10) 0.16 (0-1.12) 

Carotid ultrasonography   
  Carotid stenosis, (%) 12.5 (0 - 60)* 5.0 (0 - 60) 
 
BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein. 
*P<0.05 
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 Figure legends 

 

Figure1. Scatter plot demonstrating the association between plasma levels of autoantibodies 

against the native and MDA-modified p45 sequence of apo B-100. 

 

Figure 2. Tertiles of IgG levels against MDA-p45 and severity of carotid stenosis. P=0.006 

for trend, after adjusting for age, sex, systolic blood pressure, LDL and HDL cholesterol. 
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