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Summary A new method for low density lipoprotein (LDL) 
(d 1.019-1.063 g/ml)-apolipoprotein B (apoB) determination has 
been developed, based on the fact that very low density and 
intermediate density lipoproteins (VLDL and IDL) contain 
apolipoprotein C-I (apoC-I), whereas this apolipoprotein is 
apparently absent in LDL. VLDL and IDL were quantitatively 
precipitated with a monospecific anti-apoC-I antibody where- 
after LDL-apoB in the supernatant was quantitated by Laurel1 
rocket electrophoresis. Over a wide range of cholesterol and 
triglyceride values there was a linear correlation with LDL-apoB 
values measured after ultracentrifugation. The method would be 
useful for routine measurements, especially in children, since 
only 25 p1 of serum is required, and for making the diagnosis of 
hyperapobetalipoproteinemia, which at present is compli- 
cated. -Andersen, G. E., H. Gry, and G. M. Kostner. A new 
micromethod for routine measurement of serum LDL-apolipo- 
protein B. j .  Lipid Res. 1988. 29: 377-380. 
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Numerous studies have shown that there is an associ- 
ation between elevated serum lipids and lipoproteins and 
early development of atherosclerosis and myocardial in- 
farction (1, 2). The cholesteryl ester-rich lipoproteins, 
LDL and Lp[a] have so far been considered to best 
predict premature vascular disease (3). The apolipopro- 
teins are responsible for the overall metabolism of certain 
lipoprotein classes and for directing the flow of lipoproteins 
into the cells via specific receptors. Abnormalities in 
receptor-mediated cell interaction seem to play a major 
role in atherogenesis. Therefore, serum apolipoproteins 
and especially apoB are now considered to be additional 
or even better discriminators than serum lipoproteins (4, 
5). Serum apoB, however, is distributed among five major 
ultracentrifugally defined types of lipoprotein: chylo- 
microns, VLDL, IDL, LDL, and Lp[a]. These lipopro- 
teins differ strikingly in chemical composition and physico- 
chemical properties and simple routine procedures for the 
individual measurement of apoB in distinct density 
classes are lacking (6). We have focused on developing a 
method suitable for routine use, to measure serum LDL- 
apoB, since both this lipoprotein class and apoB seem to 
be important predictors of premature vascular disease (7). 
Furthermore, the method can be used to diagnose hyper- 
apobetalipoproteinemia, in which serum LDL-cholesterol 
concentration is normal but LDL-apoB is elevated (8). 

MATERIALS AND METHODS 

Serum was obtained from 11 normolipemic, 17 hyper- 
cholesterolemic, and 3 hypertriglyceridemic individuals, 
3-51 years old, by low speed centrifugation immediately 
after blood drawing and clotting (range of cholesterol con- 
centrations: 3.89-9.64 mmol/l; range of triglyceride con- 
centrations: 0.56-2.22 mmol/l). Furthermore, serum was 
obtained from children with low serum triglyceride and 
from hypertriglyceridemic adults (range of triglyceride 
concentrations: 0.43-6.46 mmol/l). All individuals had 
been fasting for 12 hr. Lipoprotein isolation in the ultra- 
centrifuge was begun within 24 hr using the method of 
Havel, Eder, and Bragdon (9). The protein content of the 
individual lipoprotein fractions was quantitated by the 
method of Lowry et al. (10). 

Preparation of monospecific anti-apoC-I antibody 

ApoC-I was isolated from chylomicrons and light 
VLDL as described by Kostner and Holasek (11). Five mg 
of pure protein in 5 ml of 0.15 M NaCl was mixed 1:2 
with Freund’s adjuvant and injected intraperitoneally into 
a sheep in five portions at 10-day intervals. The resulting 
antiserum was monospecific when tested by immuno- 
diffusion and one- and two-dimensional immunoelectro- 
phoresis using purified lipoproteins and apolipoproteins. 
To remove the apoB-containing lipoproteins from the 
sheep antiserum, Na-phosphotungstate precipitation was 
performed, followed by dialysis against 0.15 M NaCl as 
described by Burstein (12). Sheep apoB-containing lipo- 
proteins may interfere in the immunochemical assay of 
human apoB if antisera from a different species are used 
in the next step. Therefore, the y-globulin fraction of the 
antiserum against apoC-I was isolated by DEAE cellulose 
column chromatography (11). 

Immunoprecipitation of lipoprotein 

In order to separate LDL from VLDL and IDL selec- 
tively, immunoprecipitation with the monospecific anti- 
apoC-I antibody was performed in whole serum and in 
lipoprotein fractions. 

Increasing amounts of antiserum against apoC-I were 
added to whole serum (range of triglyceride levels: 
0.43-6.46 mmol/l) and to the individual lipoprotein frac- 
tions. The formed immunoprecipitate was removed by 
centrifugation for 10 min at 3500 g. After adding anti- 
apoC-I to whole serum or to the individual lipoprotein 
fractions, the apoB content of the supernatant was mea- 

Abbreviations: (The lipoprotein fractions described in the text were 
always defined by their density in the ultracentrifuge.) VLDL, very low 
density lipoproteins (d < 1.006 g/ml); IDL, intermediate density lipo- 
proteins (d 1.006-1.019 g/ml); LDL, low density lipoproteins (d 1.019- 
1.063 g/ml); HDL, high density lipoproteins (d 1.063-1.215 g/ml); apoB, 
apolipoprotein B; apoC-I, apolipoprotein C-I; Lp[a], lipoprotein[a]. 
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sured by Laurel1 rocket electrophoresis as described by 
Andersen and Gry Nielsen (13). The area of the individual 
rockets was measured. The coefficient of variation (CV) 
for the quantitation of apoB after the immunoprecipitation 
was 2.5% within assay. In one series of experiments, 
furthermore, anti-apoC-I11 was added to the supernatant 
after the LDL fraction had been precipitated with anti- 
apoC-I to test whether there would be any additional im- 
munoprecipitation of the LDL fraction. 

In another series of experiments, the content of LDL- 
apoB was measured in 31 sera (range of cholesterol con- 
centrations: 3.89-9.64 mmol/l, range of triglyceride 
concentrations: 0.56-2.22 mmol/l) both after immuno- 
precipitation with anti-C-I and after VLDL and IDL had 
been removed by ultracentrifugation at d 1.019 g/ml. 

In a final experiment, Lp[a] was quantitated in various 
sera before and after immunoprecipitation with the anti- 
apoC-I antibody. 

RESULTS 

Anti-apoC-I antibody quantitativc.; precipitated the 
VLDL and IDL fractions both from whole sera and from 
ultracentrifugally isolated VLDL (d < 1.006 g/ml) and 
IDL (d 1.006-1.019 g/ml). No reaction with LDL or cross- 
reaction with our antiserum against apoB was observed in 
any experiment. Titration experiments showed that 125 pl 
of our particular anti-apoC-I antibody solution precipi- 
tated all VLDL and IDL from 25 pl of human serum con- 
taining 0.43 to 6.46 mmol/l triglycerides. In addition, the 
supernatant was completely free of apoC-I when tested 
immunochemically. Fig. 1 shows one representative 
experiment out of more than 20 experiments where the 
apoB concentrations of different sera were determined in 
ultracentrifugally isolated VLDL and IDL fractions before 
(Fig. 1, 1 and 3) and after (Fig. 1, 2 and 4) immunopre- 
cipitation with anti-apoC-I. In both cases, the precipitation 
was complete. When on the other hand, the anti-apoC-I 
was added to the LDL fraction, the area of the rockets was 
not reduced (Fig. 1, 5 and 6). When anti-apoC-I11 was 
added to the supernatant after apoC-I immunoprecipita- 
tion, no additional immunoprecipitation was observed 
(Fig. 1, 7). HDL also contains some apoC-I and is co- 
precipitated upon the addition of anti-apoC-I. This, 
however, has no influence on the determination of apoB 
in LDL (Fig. 1, 8 and 9). When whole serum was treated 
with anti-apoC-I, the formed rockets were reduced (Fig. 1, 
11) compared with untreated serum (Fig. 1, lo), cor- 
responding to the amount of apoB in VLDL and IDL. 
When “Beta-lipoprotein Standard” (Behringwerke, West 
Germany) was investigated before and after adding anti- 
apoC-I (Fig. 1, 12 and 13), we observed a mean 10% 
reduction. 

. . .  
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Fig. 1. Apolipoprotein B content of various lipoprotein fractions, 
human serum, and “Beta-lipoprotein Standard” before and after im- 
munoprecipitation with anti-apoC-I and anti-apoC-111. 1: VLDL, 
before immunoprecipitation with anti-apoC-I; 2: VLDL, after im- 
munoprecipitation with anti-apoC-I; 3: IDL, before immunoprecipita- 
tion with anti-apoC-I; 4: IDL, after immunoprecipitation with anti- 
apoC-I; 5: LDL, before immunoprecipitation with anti-apoC-I; 6: 
LDL, after immunoprecipitation with anti-apoC-I; 7: LDL, after 
immunoprecipitation with anti-apoC-I plus anti-apoC-111; 8: HDL, 
before immunoprecipitation with anti-apoC-I; 9: HDL, after immuno- 
precipitation with anti-apoC-I; 10: Whole serum, before immunopre- 
cipitation with anti-apoC-I; 11: Whole serum, after immunoprecipitation 
with anti-apoC-I; 12: “Beta-lipoprotein Standard,” before immunopre- 
cipitation with anti-apoC-I; 13: “Beta-lipoprotein Standard,” after 
immunoprecipitation with anti-apoC-I. 

In Fig. 2 the regression between apoB values in LDL 
(d 1.019-1.063 g/ml) and after immunoprecipitation of 
VLDL and IDL in whole serum is presented. Regression 
analyses showed the values to be distributed around the 
identity line with a constant CV around the line of 
11.45%. The CV for ultracentrifugation contributes 
5-10% to this latter value. 

In the Lp[a] experiments no reduction of the Lp[a] was 
observed after immunoprecipitation with the anti-apoC-I 
antibody. 

DISCUSSION 

Although most of the apoB in normal serum is found 
in the LDL fraction, this proportion might be altered con- 
siderably in dys- and hyperlipoproteinemia. There are at 
least five chemically and physicochemically different 
apoB-containing lipoproteins. Thus, quantitation of serum 
apoB is not a simple procedure. In order to expose all 
antigenic determinants to the antibody or to render the 
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interest, Lp[a] has to be removed, e.g., by the use of 
specific antibodies. An alternative would be to calculate 
the Lp[a]-apoB value from the approximation: Lp[a]- 
apoB = Lp[a]-mass x 0.18 after quantitation of Lp[a] by 
Laurell electrophoresis (14, 17). 

In summary, we have shown that serum LDL-apoB 
quantitation can be achieved by immunoprecipitation of 
VLDL and IDL with a specific antibody against apoC-I. 
All LDL remained in the supernatant together with Lp[a]. 
This latter lipoprotein is found in high concentrations 
only in a few sera. Since Lp[a] is considered highly 
atherogenic (le), it should be measured together with 
LDL. lllD 

/ .’ 

Fig. 2. Regression line for LDL-apolipoprotein B values obtained 
after ultracentrifugation (x-axis) and after immunoprecipitation with 
anti-apoC-I (y-axis) in 31 human sera (range of cholesterol concentra- 
tions: 3.89-9.64 mmolll; range of triglyceride concentrations: 0.56-2.22 
mmolll). 

apoB-containing fractions into uniform size, the addition 
of detergents (14) or treatment with lipases (15) have been 
proposed. The present method is based on the fact that all 
lipoproteins other than LDL (d 1.019-1.063 g/ml) contain 
apolipoproteins of the C family (16). 

In a preliminary series of experiments, the suitability of 
antisera against apoE and apoC-I11 for precipitating 
VLDL (d < 1.006 g/ml) and IDL (d 1.006-1.019 g/ml) 
was investigated. None of these antisera resulted in quan- 
titative precipitation of these lipoproteins. However, by 
using a monospecific anti-apoC-I antibody, we were suc- 
cessful in quantitatively precipitating VLDL and IDL 
from whole serum as well as from VLDL and IDL frac- 
tions isolated in the ultracentrifuge. 

The LDL fraction remained unprecipitated both upon 
the addition of anti-apoC-I and of anti-apoC-I plus anti- 
apoC-I11 (Fig. 1, 6 and 7). 

The 10% reduction in rocket area after adding anti- 
apoC-I to “Beta-lipoprotein Standard” suggests that this 
standard contains some VLDL and/or IDL, and is not 
pure LDL. Further documentation, however, was not pos- 
sible for economic reasons, due to the high cost of the 
standard. 

Over a wide range of cholesterol and triglyceride values 
we were able to demonstrate a linear correlation between 
the apoB content in LDL (d 1.019-1.063 g/ml) and in 
whole serum after removal of VLDL and IDL by immuno- 
precipitation. 

In our experiments apoB was quantitated by Laurell 
rocket electrophoresis. Radial immunodiffusion or neph- 
elometry might be just as useful. 

In the Lp[a] experiments, no reduction of Lp[a] was 
observed after immunoprecipitation. Thus, if the true 
LDL-apoB content without interference of Lp[a] is of 

Part of this work was supported by the Austrian Research 
Foundation Grant P-5891. We wish to thank Mrs. Ellen Kirk for 
her secretarial assistance. 
Manuscript received 11 Decmber 1986, in revised form 30 March 1987, and in 
re-revised form 8 Sefitember 1987. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

REFERENCES 

Davignon, J., S. Lussier-Cacan, M. Ortin-George, M. 
Lelievre, C. Bertagna, A. Gattereau, and A. Fontaine. 
1977. Plasma lipids and lipoprotein patterns in angio- 
graphically graded atherosclerosis of the legs and in coro- 
nary heart disease. Can. Med. Assoc. J.  116: 1245-1250. 
Gordon, T., W. P. Castelli, M. C. Hjortland, W. B. Kannel, 
and T. R. Dawber. 1977. High density lipoprotein as a pro- 
tective factor against coronary heart disease. The Framing- 
ham Study. Am. J.  Med. 62: 707-714. 
Gordon, T., W. B. Kannel, W. P. Castelli, and T. R. 
Dawber. 1981. Lipoproteins, cardiovascular disease, and 
death. The Framingham Study. Arch. Intern. Med. 141: 

Avogaro, P., G. B. Bon, G. Cazzolato, and G. B. Quinci. 
1979. Are apolipoproteins better discriminators than lipids 
for atherosclerosis? Lancet. 1: 901-903. 
Pilger, E., H. Pristautz, K. P. Pfeiffer, and G. M. Kostner. 
1983. Risk factors for peripheral atherosclerosis. Retrospec- 
tive evaluation by stepwise discriminant analysis. Attmioscle- 

Rosseneu, M., R. Vercaemst, K. K. Steinberg, and G. R. 
Cooper. 1983. Some considerations of methodology and 
standardization of apolipoprotein B immunoassays. Clin. 

Sniderman, A., S. Shapiro, D. Marpole, B. Skinner, 
B. Teng, and P. Kwiterovich. 1980. Association of coronary 
atherosclerosis with hyperapobetalipoproteinemia (increased 
protein but normal cholesterol levels in human plasma low 
density (0) lipoproteins). Proc. Natl. Acad. Sci. USA. 77: 
604-608. 
Kwiterovich, P. O., and A. D. Sniderman. 1983. Athero- 
sclerosis and apoproteins B and A-I. Prev. Med. 12: 815-834. 
Havel, R. J., H. A. Eder, and J. H. Bragdon. 1955. The dis- 
tribution and chemical composition of ultracentrifugally 
separated lipoproteins in human serum. J. Clin. Invest. 34: 

Lowry, 0. H., N. J. Rosebrough, A. L. Farr, and R. J. Ran- 
dall. 1951. Protein measurement with the Fohn phenol re- 
agent.J. Biol. Chm. 193: 265-275. 

1128-1131. 

70SiS. 3: 57-63. 

Chm. 29: 427-433. 

1345-1353. 

Journal of Lipid Research Volume 29, 1988 Note on Methodology 379 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


11. Kostner, G., and A. Holasek. 1972. Characterization and 
quantitation of the apolipoproteins from human chyle 
chylomicrons. Biochemistry. 11: 1217-1223. 

12. Burstein, M., and R. Morfin. 1969. Precipitation of alpha 
lipoproteins in serum by sodium phosphotungstate in the 
presence of magnesium chloride. Lqe Sci. 8: 345-348. 

13. Andersen, G. E., and H. Gry Nielsen. 1976. Neonatal 
screening for hyperlipoproteinemia. Methods for direct 
estimation of cord serum VLDL + LDL. Clin. Chin. Acta. 

14. Kostner, G. M., P. Avogaro, G. Cazzolato, E. Marth, and 
G. B. Bittolo-Bon. 1981. Lipoprotein Lp(a) and the risk for 

66: 29-41. 

myocardial infarction. Atherosclerosis. 38: 51-61. 
DaCol, P., and G. M. Kostner. 1983. Immunoquantification 
of total apolipoprotein B in serum by nephelometry: influ- 
ence of lipase treatment and detergents. Clin. Chem. 29: 

Kostner, G. M. 1983. Apolipoproteins and lipoproteins of 
human plasma: significance in health and in disease. Ado. 
Lipid Res. 20: 1-43. 
Kostner, G. M. 1976. Lp(a) lipoproteins and the genetic 
polymorphism of lipoprotein B. In Low Density Lipo- 
proteins. C. E. Day and R. I. Levy, editors. Plenum Press, 
New York. 229-269. 

15. 

1045-1050. 
16. 

17. 

380 Journal of Lipid Research Volume 29, 1988 Note on Methodoloo 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

