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Electrophoretic studies of human apoE have shown 
that it is composed of numerous isoprotein components 
(1-6). The complexity of apoE results from post-trans- 
lational modification with carbohydrate chains contain- 
ing sialic acid (7, 8) and from genetic polymorphism in 
the human population (3, 8-10). The early genetic mod- 
els could not explain satisfactorily the genetic polymor- 
phism of human apoE (3, 10). According to the currently 
accepted genetic model (8, 9), there exist three alleles at 
a single genetic locus that specify six different apoE phe- 
notypes. These phenotypes can be presently recognized 
by two-dimensional gel electrophoresis and one-dimen- 
sional isoelectric focusing (1 1-13). Consistent with this 
genetic model, recent studies suggest that the different 
apoE alleles may result from point mutations in the 
structural apoE gene (11). Amino acid analysis and 
sequence data demonstrate that the three major isoforms 
of apoE (E-2, E-3, and E-4) differ by a single amino 
acid involving cysteine-arginine interchanges. These in- 
terchanges account for the known charge differences be- 
tween the major apoE isoforms (8, l l ) .  As a result of 
the cysteine-arginine interchanges, the apoE-2 has two 
cysteine residues per mole, apoE-3 has one cysteine, and 
apoE-4 has no cysteine. 

There is no current controversy regarding the apoE 

isoprotein phenotypes and genotypes. However, the orig- 
inal work based on one-dimensional isoelectric focusing 
resulted in one nomenclature system (1-3, lo), whereas 
the later work with two-dimensional polyacrylamide gel 
electrophoresis resulted in a different nomenclature (8, 
9, 14). In order to avoid confusion, we are proposing a 
uniform system of nomenclature, which can meet the 
needs of clinical or research laboratories utilizing either 
one or two-dimensional systems. The overriding consid- 
erations in proposing this nomenclature are simplicity 
and clarity. The proposed nomenclature describes the 
apoE isoproteins, alleles, genotypes, and phenotypes as 
follows: the apoE alleles are called ~ 4 ,  c3, and t2. The  
major asialo apoE isoproteins seen in plasma by two- 
dimensional gel electrophoresis (9) are designated apoE- 
4, apoE-3, and apoE-2, respectively. ApoE-4 is the most 
basic and apoE-2 is the most acidic isoprotein. The  minor 
plasma apoE isoproteins, which are eliminated by treat- 
ment with neuraminidase (8), have been collectively des- 
ignated apoE,. Thus, the sialo apoE isoproteins of apoE- 
4, apoE-3, and apoE-2 are designated apoE-4,, apoE-3,, 
and apoE-2,, respectively (Fig. 1). If distinction between 
the different sialo apoE isoproteins is necessary, they can 

Abbreviation: apoE, apolipoprotein E. 
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Fig. 1. Schematic presentation and proposed nomenclature of apoE 
isoproteins of subsets homozygous (top) or heterozygous (bottom) for 
the apoE alleles. *, The sialo apoE isoprotein groups S2 and S3 contain 
more than one isoprotein with slight differences in molecular weight. 
Minor asialo isoproteins more acidic than isoproteins S3 have been 
observed in plasma apoE and apoE synthesized by hepatic cells or 
hepatic tissues in culture (30, 32). **, Differences have been occa- 
sionally noted in the relative concentrations of the major asialo apoE 
isoproteins of the heterozygous apoE phenotypes. In addition, the rel- 
ative concentrations of the sialo to the asialo apoE isoproteins can vary. 

be named as ap0E-3~1, ap0E-3~2, ap0E-3~3, etc. from 
basic to acidic. Minor protein components of the same 
molecular weight as the major asialo apoE isoproteins 
appear on the basic and acidic sides of the major apoE 
isoproteins. We have decided not to name these protein 
components until more is known about their biochemical 
nature. The model of apoE inheritance of three alleles 
at a single genetic locus provides for six genotypes and 
phenotypes which have been recognized and designated: 

~ 3 ,  €3 = E3/3 

€3, €2 = E3/2 

64, t4 = E4/4 

€4, t3 = E4/3 

t2, €2 = E2/2 

€4, €2 = E4/2 

The relationships of apoE alleles and phenotypes 
along with previously used designations are shown in 
Fig. 2. The relationships of phenotypes and isoproteins 
seen by one- and two-dimensional techniques are shown 
in Fig. 3. This figure shows that what was previously 
called apoE-IV corresponds to apoE-4 in the present 
nomenclature. However, apoE-I11 corresponds to differ- 
ent combinations of isoproteins depending on the apoE 
phenotype from which it was derived. For instance, 
apoE-I11 corresponds to apoE-3 when it is derived from 
an individual with the apoE phenotype E3/3 or E3/2. 
However, apoE-I11 corresponds mainly9 with apoE, 
when it is derived from individuals with the apoE phe- 
notype E4/4 or E4/2. Furthermore, the apoE-I11 cor- 

The asialo components which appear to the acidic side of the major 
asialo apoE isoproteins in the two-dimensional system may occasionally 
contribute significantly to the total apoE isoproteins (E-111, E-11, and 
E-I) observed by one-dimensional isoelectric focusing. 

responds to a mixture of apoE and apoE, when it is 
derived from an individual with the apoE phenotype E4/ 
3. In a similar analysis, the previously designated apoE- 
I1 corresponds to apoE-2 when it is derived from indi- 
viduals with the apoE phenotype E2/2, but it corre- 
sponds mainly to apoE, when it is derived from individ- 
uals with the apoE phenotypes E4/4, E3/3, or E4/3. 
Finally, apoE-I1 corresponds to a mixture of apoE-2 and 
apoE, when it is derived from individuals with the apoE 
phenotypes E3/2 or E4/2. The previously designated 
apoE-I corresponds in all cases to apoE,. 

The proposed nomenclature reflects our current un- 
derstanding of apoE isoproteins, phenotypes, and ge- 
notypes and might be refined on the basis of new findings 
in the future. Recent studies indicate that apoE is an 
important determinant of lipoprotein catabolism by both 
extrahepatic (1 5-1 8) and hepatic tissues (1 9-27) and 
that different apoE isoproteins resulting from either ge- 
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Fig. 2. Schematic presentation of the three-allele model of apoE inher- 
itance and nomenclature of the apoE alleles and phenotypes. *, E", Ed, 
and E4+*40 were thought to be regulatory or structural genes at different, 
but closely linked, loci which were assumed to control apoE phenotypes 
(10). Previous haplotypes E"/E4+, E"/E4', and Ed/E4" (10) corre- 
spond to alleles c4, c3 and t2. **, The original c11, €111, eIV, or the 
corresponding €4, €3, and e2 alleles represent three alleles at the struc- 
tural apoE gene locus (9). The closed circles represent the major asialo 
apoE isoproteins. 
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Fig. 3. Schematic presentation and proposed nomenclature of apoE 
isoproteins and phenotypes seen by one-dimensional isoelectric focusing 
and two-dimensional gel electrophoresis. *, Phenotypes E4/4 and E4/ 
3 were not differentiated in the original work of Utermann, et al. (10). 
Both were collectively designated EN/4+ **Phenotype E4/2 (aIV) 
ought to correspond to Utermann's hypothetical apoE phenotype ED/ 
4+ (10). Due to interference of the sialo apoE isoprotein E4,l (13), the 
phenotype observed was not originally recognized as such, but was 
designated as END/4+ (10). t, Phenotypes and isoproteins observed 
by one-dimensional isoelectric focusing. tt, Phenotypes and isopro- 
teins observed by two-dimensional gel electrophoresis. 

netic variation or post-translational modification may 
affect lipoprotein catabolism (28-31). We urge that this 
nomenclature be adopted by all investigators in the field 
so that future scientific communication will be facili- 
t a ted . l  

REFERENCES 

1. Utermann, G., M. Jaeschke, and J. Menzel. 1975. Fa- 
milial hyperlipoproteinemia type 111: deficiency of a specific 
apolipoprotein (apo E-111) in the very-low-density lipo- 
proteins. FEBS Lett. 56: 352-355. 

2. Utermann, G., M.  Canzler, M. Hees, M.  Jaeschke, G. 
Muhlfellner, W. Schoeborn, and K. H .  Vogelberg. 1977. 

Studies on the metabolic defect in broad-@ disease (hyper- 
lipoproteinemia type 111). Clin. Genet. 12: 139-1 54. 

3. Utermann, G., M. Hees, and A. Steinmetz. 1977. Poly- 
morphism of apolipoprotein E and occurrence of dysbe- 
talipoproteinemia in man. Nature. 269: 604-607. 

4. Pagnan, A., R. J. Havel, J. P. Kane, and L. Kotite. 1977. 
Characterization of human very low density lipoproteins 
containing two electrophoretic populations: double pre-beta 
lipoproteinemia and primary dysbetalipoproteinemia. J. 
Lipid Res. 18: 613-622. 

5. Warnick, G. R., C. Mayfield, J. J. Albers, and W. R. 
Hazzard. 1979. Gel focusing method for specific diagnosis 
of familial hyperlipoproteinemia type 3. Clin. Chem. 25: 

6. Weidman, S. W., B. Suarez, J. M.  Falko, J. L. Witztum, 
J. Kolar, H. Raben, and G. Schonfeld. 1979. Type 111 
hyperlipoproteinemia: development of a VLDL apoE gel 
isoelectric focusing technique and application in family 
studies. J. Lab. Clin. Med. 9 3  549-571. 

7. Jain, R. S., and S. H. Quarfordt. 1979. The carbohydrate 
content of apolipoprotein E from human very low density 
lipoproteins. Life Sci. 25: 13 1 5-1 323. 

8. Zannis, V. I., and J. L. Breslow. 1981. Human VLDL 
apoE isoprotein polymorphism is explained by genetic vari- 
ation and post-translational modification. Biochemistry. 2 0  

9. Zannis, V. I., P. W. Just,and J. L. Breslow. 1981. Human 
apolipoprotein E isoprotein subclasses are genetically de- 
termined. Am. J. Hum. Genet. 33: 11-24. 

10. Utermann, G., U. Langenback, U. Beisiegel, and W. We- 
ber. 1980. Genetics of the apolipoprotein E system in man. 
Am. J. Hum. Genet. 32: 339-347. 

11. Weisgraber, K. H., S. C. Rall, and R. W. Mahley. 1981. 
Human E apoprotein heterogeneity: cysteine-arginine in- 
terchanges in the amino acid sequence of the apoE isoforms. 
J .  Biol. Chem. 256: 9077-9083. 

12. Havel, R. J. 1982. Familial dysbetalipoproteinemia: new 
aspects of pathogenesis and diagnosis. Med. Clin. North 
Am. 66: 441-454. 

13. Utermann, G., A. Steinmetz, and W. Weber. 1982. Poly- 
morphism of human apolipoprotein E: genetic control and 
gene frequencies. Am. J. Hum. Genet. In press. 

14. Zannis, V. I., and J. L. Breslow. 1980. Characterization 
of a unique human apoE variant associated with type 111 
hyperlipoproteinemia. J. Biol. Chem. 255: 1759-1762. 

15. Mahley, R. W., and T. L. Innerarity. 1978. Properties of 
lipoproteins responsible for high affinity binding to cell 
surface receptors of fibroblasts and smooth muscle cells. In 
Sixth International Symposium on Drugs Affecting Lipid 
Metabolism. D. Kritchevsky, R. Paoletti, and W. L. 
Holmes, editors., Plenum Press, New York. 99-127. 

16. Bersot, T. P., R. W. Mahley, M. S. Brown, and J. L. 
Goldstein. 1976. Interaction of swine lipoproteins and low 
density lipoprotein receptor in human fibroblasts. J. Biol. 
Chem. 251: 2395-2398. 

17. Innerarity, T. L., and R. W. Mahley. 1978. Enhanced 
binding by cultured human fibroblasts of apoE-containing 
lipoproteins as compared with low density lipoproteins. 
Biochemistry. 17: 1440-1447. 

18. Pitas, R. E., T. L. Innerarity, K. S. Arnold, and R. W. 
Mahley. 1979. Rate and equilibrium constants for binding 
of apoE HDL, (a cholesterol-induced lipoprotein) and low 
density lipoproteins to human fibroblasts: evidence for 
multiple receptor binding of apoE HDL,. Proc. Natl. Acad. 
Sci. USA. 76 2311-2315. 

279-284. 

1033-1041. 

Zannis et al. Human apoE nomenclature 913 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


19. Chao, Y., E. E. Windler, G. C. Chen, and R. J. Havel. 
1979. Hepatic catabolism of rat and human lipoproteins 
in rats treated with 17-ethinyl estradiol. J.  Biol. Chem. 2 5 4  
11360-1 1366. 

20. Sherrill, B. C., T .  L. Innerarity, and R. W. Mahley. 1980. 
Rapid hepatic clearance of the canine lipoproteins con- 
taining only the E apoprotein by a high affinity receptor. 
Identity with the chylomicron remnant transport process. 
J.  Biol. Chem. 255: 1804-1807. 

21. Windler, E., Y. Chao, and R. J. Havel. 1980. Determi- 
nants of hepatic uptake of triglyceride-rich lipoproteins and 
their remnants in the rat. J. Biol. Chem. 255: 5475-5480. 

22. Quarfordt, S., J. Hanks, R. S. Jones, and F. Shelburne. 
1980. The uptake of high density lipoprotein cholesterol 
ester in the perfused rat liver. J.  Biol. Chem. 255: 2934- 
2937. 

23. Sherrill, B. C., P. E. Lipsky, W. A. Bardley, I. F. Craig, 
D. P. Via, and L. C. Smith. 1980. Addition of E-apoprotein 
to cholesterol-rich fluorescent lipid dispersion increases 
liver recognition and uptake. Circulation. 62: 44. 

24. Shelburne, F., J. Hanks, W. Meyers, and S. Quarfordt. 
1980. Effect of apoproteins on hepatic uptake of triglyceride 
emulsions in the rat. J .  Clin. Invest. 65: 652-658. 

25. Windler, E., Y. Chao, and R. J. Havel. 1980. Regulation 
of the hepatic uptake of triglyceride-rich lipoproteins in the 
rat. J.  Biol. Chem. 255: 8303-8307. 

26. Windler, E. E. T., P. T .  Kovanen, Y. Chao, M.  S. Brown, 
R. J. Havel, and J. L. Goldstein. 1980. The estradiol- 
stimulated lipoprotein receptor of rat liver. A binding site 
that mediates the uptake of rat lipoproteins containing 
apoproteins B and E. J.  Biol. Chem. 2 5 5  10464-10471. 

27. Floren, C. H., R. S. Kushwaha, W. R. Hazzard, and 
J. J. Albers. 1981. Estrogen-induced increase in uptake of 
cholesterol-rich very low density lipoproteins in perfused 
rabbit liver. Metabolism. 30: 367-375. 

28. Havel, R. J., Y. S. Chao, E. E. Windler, L. Kotite, and 
L. S. S. Guo. 1980. Isoprotein specificity in the hepatic- 
uptake of apolipoprotein-E and the pathogenesis of familial 
dysbetalipoproteinemia. Proc. Natl. Acad. Sci. USA. 77: 
4349-4353. 

29. Gregg, M. E., L. A., Zech, E. J. Schaefer, and M. B. 
Brewer, Jr. 1981. Type I11 hyperlipoproteinemia: defective 
metabolism of an abnormal apolipoprotein E. Science. 211: 
5 84- 585. 

30. Zannis, V. I., D. M.  Kurnit, and J. L. Breslow. 1981. 
Hepatic apoA-I and apoE and intestinal apoA-I are syn- 
thesized in precursor isoprotein forms by organ cultures 
of human fetal tissues. J.  Biol. Chem. 257: 536-544. 

31. Schneider, W. J., P. T. Kovanen, M. S. Brown, J. L. 
Goldstein, G. Utermann, W. Weber, R. J. Havel, L. Ko- 
tite, J.  P. Kane, T .  L. Innerarity, and R. W. Mahley. 
1981. Familial dysbetalipoproteinemia. Abnormal binding 
of mutant apoprotein E to low density lipoprotein receptors 
of human fibroblasts and membranes from liver and ad- 
renals of rats, rabbits, and cows. J.  Clin. Invest. 6 8  1075- 
1085. 

32. Zannis, V. I . ,  J. L. Breslow, T. R. SanGiacomo, D. P. 
Aden, and B. B. Knowles. 1981. Characterization of the 
major apolipoproteins secreted by two human hepatoma 
cell lines. Biochemistry 2 0  7089-7096. 

914 Journal OI Lipid Research Volume 23, 1982 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

