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Abstract

Very Low Density Lipoprotein (VLDL) is the main triglyceride carrier thus characterized in the lipid metabolic profile. The 
others, chylomicrons and Intermediate Lipoproteins (IDL), also rich in triglycerides, are ephemeral, undosed, undosed, undetected 
in fasting patients. IDLs have an intermediate lipid composition between VLDL and LDL lipoproteins (Low-Density Lipoproteins). It 
is worth mentioning that chylomicrons are formed from food, an exogenous cycle, while VLDL is formed by the liver, an endogenous 
cycle. Dysbetalipoproteinemia also called type III hyperlipoproteinemia is clinically characterized by the presence of corneal arch, 
xanthelasma, tuberoeruptive xanthoma and palmar xanthomas. Serum cholesterol and triglycerides are elevated. Atherosclerosis 
is frequent with about 50% of those affected developing coronary heart disease. Low Density Lipoprotein-Cholesterol (LDL-c) 
is normal or reduced because there is a lower conversion of Intermediate Density Lipoprotein-Cholesterol (IDL-c) to LDL-c. 
Dysbetalipoproteinemia results from mutations involving the gene that conditions the formation of apolipoprotein E (Apo E), which 
has several allelic forms, E3 being the most common. It is believed that other forms originated from mutations that occurred in E3: a 
substitution of arginine for cysteine at position 112 of the amino acid sequence differentiates E4 from E3, and the same substitution 
at position 158 gives rise to E2. The test for the prevention of heart disease, through the detection by PCR-RFLP (polymerase chain 
reaction - restriction fragment length polymorphism) of the genotypes of the Apo E gene, is indicated for the following cases: people 
with a history of coronary heart disease; people who have proven risk factors for coronary heart disease and those with type III 
dyslipidemia, in addition to the lipid profile. This test is performed only once in life, at any age, including prenatal care, because the 
information studied comes from the individual’s genetic code.
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Introduction
Very Low-Density Lipoprotein (VLDL) is the main triglyceride 

carrier thus characterized in the lipid metabolic profile. The others, 
chylomicrons and Intermediate Lipoproteins (IDL), also rich in tri-
glycerides, are ephemeral, undosed, undetected in fasting patients.  

 
IDL have an intermediate lipid composition between VLDL and Low 
Density Lipoproteins (LDL) lipoproteins. It is worth mentioning  
that chylomicrons are formed from food, an exogenous cycle, while 
VLDL is formed by the liver, an endogenous cycle.
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Dysbetalipoproteinemia also called type III hyperlipoprotein-
emia, is clinically characterized by the presence of corneal arch, 
xanthelasma, tuberoeruptive xanthoma and palmar xanthomas [1]. 
Serum cholesterol and triglycerides are elevated. Atherosclerosis 
is frequent with about 50% of those affected developing coronary 
heart disease. Low Density Lipoprotein-Cholesterol (LDL-c) is nor-
mal or reduced because there is a lower conversion of Intermediate 
Density Lipoprotein-Cholesterol (IDL-c) to LDL-c [2]. Dysbetalipo-
proteinemia results from mutations involving the gene that condi-
tions the formation of apolipoprotein E (Apo E). Apo E has several 
allelic forms, of which E3 is the most common and it is believed 
that the other forms (E2 and E4) originated from mutations that 
occurred in E3: a substitution of arginine for cysteine at position 
112 of the amino acid sequence differentiates E4 from E3, and the 
same substitution at position 158 gives rise to E2. In adult white 
populations, the estimated frequencies of occurrence of E2, E3 and 
E4 are, respectively, 8%, 78% and 14% [3]. In vitro studies have 
shown that the receptor binds with high affinity to lipoproteins 
containing both Apo E3 and Apo E4, but particles containing Apo 
E2 show practically no binding with the receptor [2]. Individuals 
with dysbetalipoproteinemia type III are mostly homozygous for 
the arg 158cis mutation, which is therefore of autosomal recessive 
inheritance.

The need for cofactors for the development of hyperlipidemia 
is evident when comparing the frequency of the E2E2 genotype, 
which is 1/100 in most populations, and the frequency of hyperlip-
idemia, which is 1 in 5,000 [1,4-6]. Several other variants of Apo E, 
with different ability to bind to the receptor, have been discovered, 
some of them presenting a dominant inheritance pattern. The iden-
tification of the type of mutation is therefore important for the ge-
netic counseling of individuals [7-9]. Apo E genetics showed that in 
a normal population, the E2 allele was being linked to lower plasma 
concentrations of cholesterol and LDL-c than in people with the E3 
allele. It has also been revealed that people with the E4 allele have 
higher cholesterol than those homozygous for the E3 allele [10].

There is an association between the Apo E-E4 allele and coro-
nary heart disease, especially when patients have aggravating risk 
factors such as smoking, obesity, and dyslipidemia. It is now known 
that those who have the E4 allele are three to five times more like-

ly to have coronary heart disease compared to those who have the 
E3 allele. The Apo E E2 isoform has a reduced affinity for the LDL 
receptor when compared to the other forms and its presence may 
lead to the accumulation of lipoproteins containing Apo E. Approx-
imately 90% of patients with type III hyperlipoproteinemia are ho-
mozygous for Apo E E2, however less than 10% of these develop 
the alteration, which suggests that another factor(s) is (are) neces-
sary for the expression of the disease. The Apo E E4 isoform is more 
frequent in type V hyperlipoproteinemia, which is characterized by 
hypercholesterolemia due to the accumulation of chylomicrons and 
VLDL [11].

For better understanding of Apo E mechanisms in patients it is 
important that the methodology of its assay be known and when-
ever possible be done: isolation of genomic DNA from leukocytes, 
followed by Polymerase Chain Reaction (PCR) amplification of the 
specific region of the Apo E gene and digestion and electrophore-
sis. Sample collection and processing: to perform the test, it is nec-
essary to collect 5.0 ml of peripheral blood in a vacuum collection 
tube with anticoagulant Ethylenediamine Tetraacetic Acid (EDTA).

Interpretation of the diagnosis: through the technique of PCR 
associated with enzyme restriction, we were able to characterize 
the patients according to the alleles visualized: the reports are 
characterized by being explanatory, giving greater security in the 
interpretation of the result for both the physician and the patient. 
Once the specific details on Apo E have been mentioned and hav-
ing in sight the until now practical laboratory method to determine 
Apos E concentration, the idea is to have them measured always. 
This finding helps if added to the lipid profile (Figure 1).

Due to the importance of Apo E, as reported in the literature, its 
dosage is necessary due to its interference in lipase activation. Apo 
E is a constituent of VLDL, High-Density Lipoprotein (HDL), and 
chylomicron lipoproteins and plays a key role in the transport and 
metabolism of cholesterol and triglycerides. This protein is addi-
tionally related to immunoregulation and neurobiological pathways 
(neuronal repair, remodeling, and protection). Three main variants 
of Apo E are found in the human population resulting from the 
change of a single amino acid. The alleles encoding these variants 
are named Apo E E2, Apo E E3, and Apo E E4 and their frequencies 
in the Caucasian population are 8%, 78%, and 14%, respectively.

Figure 1: Genotyping for apolipoprotein E visualized on 2% agarose gel stained with etidium bromide.
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It is worth reiterating that the alleles of Apo E (E2 and E4) may 
represent genetic markers for the identification of individuals at 
high risk for the development of coronary heart disease. Individu-
als with genotype E4E4 and E4E3 have higher levels of LDL-c and 
total cholesterol than individuals with E3E3, and are particularly 
susceptible to the early development of coronary heart disease. 
Van Bockxmeer, et al. [12] described a 16-fold higher prevalence of 
the E4E4 genotype among men under 40 years of age who were re-
ferred for angioplasty, and Lenzen, et al. [13] reported that the E3E4 
genotype seems to be associated with the earlier age of individuals 
with myocardial infarction. The E2E2 genotype determines lower 
LDL-c levels than those observed for the other two phenotypes. The 
mechanism by which the E2 allele would be related to low LDL-c 
levels seems to be the weak binding that E2 establishes with the re-
ceptor protein, which decreases and/or delays the removal of chy-
lomicrons and VLDL-c [14,15]. Decreased rates of coronary heart 
disease were not observed in individuals carrying the E2 allele, and 
it has been suggested that the lack of protection is due to the hyper-
triglyceridemia associated with it [16]. In the study by Wilson, et al. 
[17], triglyceride levels were moderately high in women and very 
high in men, both with the E3 allele and with the E4 allele, but the 
risks in both sexes for the development of coronary heart disease 
were significant only for E4. In this study, 15% of the prevalence of 
coronary heart disease (11% in men and 19% in women) was at-
tributed to this allele. Confirming the results of several other stud-
ies, total cholesterol and LDL-c levels were lower for the E2 allele 
and higher for the E4 allele [18-22].

In a study that evaluated the occurrence of the E4 phenotype 
in 113 individuals with hypertension, Kesäniemi, et al. [23] did not 
observe differences in the frequency of this gene between hyper-
tensive and control patients, but hypertensive patients with E4 
had higher levels of VLDL-c and triglycerides than controls of the 
same genotype. The lipid levels observed were particularly high in 
E4 individuals using diuretics and beta-blockers, which, according 
to the authors, is suggestive that hypertensive individuals with E4 
may develop severe dyslipidemias, particularly when submitted to 
these medications. In another study [24], the same group evaluated 
whether the risk of developing coronary heart disease in individu-
als with non-insulin-dependent diabetes mellitus would be related 
to the phenotypic pattern of Apo E. The results obtained showed 
that the presence of E4 increased the risk, but the plasma lipid 
levels of diabetics with this gene were not different from those ob-
served in diabetics without E4. The E4 allele also seems to be asso-
ciated with a type of hypercholesterolemia, determined by a poly-
genic genetic mechanism, in which those affected have LDL-c levels 
above 190mg/dl and do not have xanthomas. Those affected are 
most often homo genotype or heterozygous for this allele [25-27].

The heart disease prevention test, through PCR-RFLP (restric-
tion fragment length polymorphism) detection of Apo E gene gen-
otypes, is indicated for the following cases: people with a history 
of coronary heart disease; people who have proven risk factors for 
coronary heart disease and those with type III dyslipidemia, in ad-
dition to the lipid profile. This test is performed only once in life, at 

any age, including prenatal care, because the information studied 
comes from the individual’s genetic code.

In conclusion, in pathological cases in which IDL lipoproteins 
are present, there is always need of consideration of the complete 
lipid profile to determine the therapeutic intervention.
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