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Composition of Lipoproteins: 
cholesterol carrying particles
Classification by density
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Good and Bad Cholesterol



Atherosclerosis



Metabolic Pathways of ApoB-Lipoproteins:
Endogenous vs. Exogenous Pathways



Pathways of Chylomicron Remnants Removal 
by the Liver
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Metabolic Pathways of ApoB-Lipoproteins:
Endogenous vs. Exogenous Pathways



Many apolipoproteins are associated with 
the risk for CHD
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LDL receptor ligand

exclusively associated with HDL, cholesteryl ester 
transfer

closely associated with LCAT

inhibits lipoprotein lipase

activates lipoprotein lipase

may activate LCAT

major protein of LDL, LDL receptor ligand 

exclusively found in CM

present in triacylglycerol rich lipoproteins

primarily in HDL, enhances hepatic lipase activity

major protein of HDL, activates lecithin:cholesterol
acyltransferase, LCAT

Function and Comments

Yes

Phenotype, Yes

Yes

Unknown

In ApoB, Yes

Unknown

Unknown

Yes

Yes

Yes

Unknown

Yes

Association with 
CHD 

LDLapo(a)  

CR, VLDL, HDLapoE 

HDLCETP

HDLapoD

CM, VLDL, HDLapoC-III  

CM, VLDL, HDLapoC-II  

CM, VLDL,HDLapoC-I  

VLDL-LDLapoB-100  

CMapoB-48  

CM and HDLapoA-IV  

CM, HDLapoA-II  

CM, HDLapoA-I  

Lipoprotein 
AssociationType



Structure of ApoB-containing 
Lipoproteins

ApoB is a structural protein for chylomicron, VLDL, IDL, and LDL.



ApoB100 vs. ApoB48
The Role of RNA editing

•27 N-terminal signal sequence; 4536 aa

•Receptor binding site is terminated



Structure of ApoB containing Lipoproteins



Relative Number of VLDL, IDL, and LDL

Plasma apoB level is correlated with LDL cholesterol.

The half life of LDL is nine times longer compared with VLDL.

In circulation, nine times more LDL particles than VLDL particles.



Is apoB more sensitive indicator for 
CHD risk than LDL?
� In cross-sectional studies, HTG with 

normal apoB is not associated with an 
increased risk for CHD, whereas HTG 
with  increased apoB is

� Sniderman AD et al. Ann Intern Med. 1982:97:833-9
� Brunzell JD et al. Metabolism. 1976:25:313-20
� Durrington PN et al. Br. Heart J. 1986:56:206-12
� Barbir M et al. Br Heart J. 1988:60:397-403
� Kutika H et al. Atherosclerosis. 1985:55:143-9
� Kwiterovich PO et al. Am J Cardiol. 1993:71:631-9



ApoB vs. Cholesterol:
Studies in not on statin treatment



AMORIS age-adjusted hazard ratio for 
summary atherogenic indices.



ApoB vs. Cholesterol:
Studies in not on statin treatment

� ApoB is a better predictor of risk than LDL 
cholesterol.

� Ratio of apoB/apoAI is superior to total 
cholesterol/HDL cholesterol as an overall 
index of risk.



ApoB vs. Cholesterol:
Studies of On statin treatment

Hazard Ratio                                                    P value

LDL                                apoB LDL                                 apoB



ApoB vs. Cholesterol:

� LDL cholesterol is an independent predictor for coronary events 
in untreated patients.

� The association is weaker in patients in truncated placebo 
groups of major statin trials than in those in major epidemiology 
studies.

� ApoB is overall stronger predictor of coronary events than LDL 
cholesterol.

� ApoB/apoAI is the stronger predictor than total/HDL cholesterol.



Inter-relationship beteen RR, apoB, and apoAI



Statin treatment may need to reduce 
atherogenic lipoprotein particles per se.  

Statin effectively lowers 
cholesterol levels but does 
not reduce apoB
sufficiently.



Implication for Practice

� Data suggest apoB and the apoB/apoAI ratio are more sensitive 
indices of risk for CHD than LDL.

� ApoB-guided statin therapy should be substantially more 
effective in prevention of vascular events than vascular 
treatment guided by LDL.

� Cutoff for >75% is ~110-140 mg/dl depending on the population 
characteristics.  





LDL Containing ApoCIII is an Independent Risk Factors 

for Recurrent Coronary Events in Diabetic Humans.

Sung-Joon Lee 1, Hannia Campos 1, Lemuel Moye 2, Frank M. Sacks 1.

1 Harvard School of Public Health, Department of Nutrition; 
2 Texas School of Public Health.



Risk Factors for Atherosclerosis

• Modifiable risk factors
• By life-style  

• Smoking  
• Obesity  
• Physical inactivity 

• By pharmacotherapy and or life-style  
• Lipid disorders  
• Diabetes 
• Hypertension 

• Unmodifiable risk factors 
• Age 
• Male gender 
• Genetics



The Risk of Coronary Heart Disease 
(CHD) in Diabetes Mellitus (DM).

• Patients with diabetes mellitus (DM) have 2-3 times higher age-
adjusted risk of CHD than nondiabetic patients.

• Hypertriglyceridemia and the level of LDL cholesterol do not 
explain the high risk of CHD in patients with diabetes.



Diabetic Dyslipidemia



Research Question

• What lipoproteins can explain the high risk of 
CHD in patients with diabetes? 

– Since VLDL and LDL particles are heterogeneous 
in composition and metabolic pathway, it is possible 
that certain VLDL or LDL types are more 
atherogenic than other types and are associated 
with the risk of heart disease. 
– ApoCIII may be associated with  risk of CHD in 
patients with diabetes.



Structure of ApoB containing Lipoproteins



Apolipoprotein CIII 

• ApoCIII

• Inhibitor for lipoprotein lipase.

• Inhibitor for receptor-mediated particle clearance: both 
apoB- and apoE-dependent.

• The gene expression and fasting/postprandial plasma 
levels of apoCIII are elevated in DM.

• The apoCIII level in apoB lipoproteins (VLDL+LDL) is 
a risk factor for CHD in DM. 



Apolipoprotein E

• ApoE

• A ligand for LDL-R and LRP.

• Anti-oxidant property: both liver- and macrophage-
derived apoE.

• Its level in VLDL+LDL is a risk factor for CHD.

• Multiple logistic model considering both apoE and 
apoC3 together: the apoC3 but not apoE was an 
independent risk factor for coronary events.



Selected Clinical Trials of Statin Therapy for Prevention of 
Coronary or CHD Events

Trial Previous MI Lipids

Before lipid 
lowering, 
mmol/L 
(mg/dL)

Decrease in 
cholesterol, 
mmol/L(mg

/dL)
CHD event 

reduction, %

WOSCOPS - Total 
cholesterol

LDL

7.0(272)

5.0(192)

0.52(20)

0.67(26)

31

AFCAPS/TexCA
PS

- Total 
cholesterol

LDL

5.7(220)

4.0(156)

0.47(18)

0.65(25)

36

4S + Total 
cholesterol

LDL

6.7(261)

4.9(188)

0.65(25)

0.91(35)

34

CARE + Total 
cholesterol

LDL

5.4(209)

3.6(139)

0.52(20)

0.72(28)

24

LIPID + Total 
cholesterol

LDL

5.7(219)

3.9(150)

0.47(18)

0.65(25)

24

WOSCOPS: J Shepherd et al: West of Scotland Coronary Prevention Study Group. N Engl J Med 333:1301, 1995.AFCAPS/TexCAPS: JR Downs et al: Air Force/Texas Coronary Atherosclerosis 
Prevention Study. JAMA 279:1615, 1998.4S: Anonymous: The Scandinavian Simvastin Survival Study. Lancet 344:1383, 1994.CARE: FM Sacks et al: Cholesterol and Recurrent Events Trial (CARE) 
Investigators. N Engl J Med 335:1001, 1996.LIPID: Anonymous: The Long-Term Intervention with Pravastatin in Ischemic Disease (LIPID) Study Group. N Engl J Med 339:1349, 1998.



Study Design

• We conducted a prospective, nested case-control 
study among 242 diabetic patients from the CARE trial. 

• The cases were diabetic patients with at least one 
of the following recurrent coronary event during 5-
year follow-up: fatal, or non-fatal myocardial 
infarction (MI), CABG, or PTCA. The controls were 
diabetic patients without a recurrent coronary event 
or a stroke during the follow-up.



Isolation of Lipoproteins Containing ApoCIII

Plasma

Anti-apoE Immunoaffinity 
Chromatography

E+CIII+ E-

Anti-apoCIII Immunoaffinity 
Chromatography

E-CIII+

>95% of E+ 
is E+CIII+

E-CIII-

Ultracentrifugation                           VLDL 
(d<1.006) + LDL (1.006<d<1.050)

VLDL and LDL

E+CIII+

VLDL and LDL

E-CIII+

VLDL and LDL

E-CIII-

Triglyceride, Cholesterol, and ApoB Measurement



Apolipoprotein Measurement 
in Human Plasma

� Sandwich ELISA assay
� Fast and sensitive
� Well-established method
� Inter and intra-CV is ~5-7%



Baseline Characteristics in case and 
control groups.



Baseline Characteristics in case and 
control groups.



Particle concentration (Particle concentration (ApoBApoB), cholesterol and triglyceride ), cholesterol and triglyceride 
levels in levels in apoBapoB lipoproteins containing apoC3 or lipoproteins containing apoC3 or apoEapoE



Composition of LDL in case and control Composition of LDL in case and control 
groups.groups.

Values are mg/dl.Values are mg/dl.

Case Control
mg/dl



Relative risks and recurrent coronary events for lipoprotein concentration 
and composition

Quartiles

1 2 3 4

VLDL CIII+ Mean 0.8 1.4 2.3 3.9

adjusted RR (CI) 1 0.5 (0.2,1.0) 0.6 (0.3,1.3) 0.5 (0.2,1.1)

p 0.06 0.2 0.07

VLDL CIII- Mean 0.9 1.9 2.4 3.8

adjusted RR (CI) 1 1.0 (0.4,2.3) 0.5 (0.2,1.3) 2.3 (1.0,5.3)

p 1.0 0.2 0.05

LDL CIII+ Mean 4.5 5.9 7.2 10.4

adjusted RR (CI) 1 3.0 (1.2,7.6) 1.7 (0.6,4.7) 6.6 (2.6,17)

p 0.02 0.3 <0.0001

LDL CIII- Mean 42 55 65 86

adjusted RR (CI) 1 1.0 (0.4,2.2) 1.6 (0.7,3.7) 2.2 (0.9,5.0)

P 0.9 0.2 0.07

Mean values are 
apolipoprotein B 
concentrations 
(mg/dl).
Adjusted:  
Baseline 
triglyceride, LDL 
cholesterol, HDL 
cholesterol, age, 
gender, exercise, 
waist 
circumference, 
CABG, angina, 
glucose, oral 
hypoglycemic use, 
and treatment 
group (placebo or 
pravastatin) were 
included.  RR= 
Relative risk, 
CI=95% 
confidence 
interval. 
“LDL” includes the 
IDL fraction. In 
the nomenclature 
of Alaupovic,9 
CIII+ is Lp-B:C 
and CIII- is Lp-B.

Lee et al. Arterioscler Thromb Vasc Biol. 2003 May 1;23(5):853-8. 



Multivariate analysis of VLDL and LDL types as predictors of recurrent 
coronary events in diabetes. The apoB concentrations of VLDL and LDL 
particle types were included together. The LDL fraction includes IDL. 

Lee et al. Arterioscler Thromb Vasc Biol. 2003 May 1:23(5):853-8. 



Conclusion

• ApoCIII+ LDL (E+CIII+, E-CIII+) are independent predictors of recurrent 
coronary events in diabetic patients beyond standard lipid measurements (LDL, 
HDL, and triglyceride).

ApoCIII+ LDL may be particularly atherogenic, more so the major LDL particles 
(the E-CIII- type), since a small increase in concentration is associated with a 
6-fold increase in risk. 

In multivariate analysis, the LDL particle concentrations of E+CIII+ was not 
protective (RR=2.40, p=0.04). This finding suggests that apoCIII may have a 
dominant role in atherogenicity of the lipoprotein particles.



Can pravastatin reduce apoCIII-containing 
LDL?

• To test whether pravastatin, an HMG CoA reductase inhibitor,  
reduces LDL apoCIII+ as well as LDL apoCIII-, which represents 
conventional LDL particles.



Study Design

• 45 age- and sex-matched placebo-pravastatin pairs were randomly 
selected among diabetic patients from the CARE.

• Lipoprotein types were isolated with affinity chromatography, the 
levels of particle types were measured at both baseline and after 1 
year of treatment, and the baseline-1 year differences  were 
compared between the placebo and the pravastatin groups.



Baseline characteristics of the placebo and 
pravastatin groups with diabetes mellitus



Plasma lipid concentration at baseline 
and one year of treatment



Particle concentration and cholesterol 
and triglyceride levels

Am. J. Cardiol. 92 121-124 2003. 



Conclusion

• Our results show that apoCIII+ LDL particles as well as the 
major type of LDL, the E-CIII- subtype, are reduced by 
pravastatin therapy.

• Since the percentage reduction in apoCIII+ LDL is similar to 
the reduction in LDL E-CIII-, the benefit from reducing 
apoCIII+ LDL could be more important than the lowering of 
LDL E-CIII.



Apolipoprotein CIII concentrations in 
HTG and NTG groups

A shows DM groups while B shows non-DM groups.
Lee at al. Atherosclerosis. 2003 167:293-302.



Conclusion

� ApoB is a stronger predictor for CHD risk than 
cholesterol.

� ApoCIII-LDL is potent atherogenic lipoprotein 
particles in diabetic patients with previous MI.

� ApoCIII-LDL is reduced by 1-year of 
pravastatin therapy.

� ApoCIII-LDL exists similar level in both 
diabetic and non-diabetic patients with 
previous MI.



Watch out apoB as well 
as LDL!

Thank you ☺



Formation of Small Dense LDL
� Transfer of TG from VLDL to 

LDL results in formation of 
TG rich LDL.

� TG rich LDL is a good 
substrate for LPL

� LPL degrades TG 
component in LDL resulting 
in the generation of small 
dense LDL.

� The rate of this pathway 
depends on hepatic VLDL 
secretion

� Hypertriglyceridemia is 
associated with the 
prevalence of small dense 
LDL













Composition of ApoB Lipoproteins:
VLDL vs LDL
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