
Identification of an apoC-l I variant (apoC-l lBethesda ) 
in a kindred with apoC-ll deficiency and 
type I hyperlipoproteinemia 

Dennis L. Sprecher,* Lila Tam, Richard E. Gregg, Silvia S. Fojo, Diana M. Wilson, Moti L. 
Kashyap,* and H. Bryan Brewer, Jr. 

National Heart, Lung, and Blood Institute, Molecular Disease Branch, National Institutes of Health, 
Bethesda, MD 20892, and University of Cincinnati College of Medicine,* Cincinnati, OH 45267 

Abstract Apolipoprotein (apo) C-I1 deficiency is characterized 
by elevated plasma triglycerides, chylomicrons, and very low den- 
sity lipoproteins, as well as reduced levels of low density and high 
density lipoproteins. A subject with apoC-11 deficiency has been 
identified with an apoC-I1 plasma level of less than 0.05 mg/dl. 
The plasma a@-I1 in the proband was immunochemically similar 
to apoC-I1 in normal subjects when analyzed by Ouchterlony im- 
munodiffusion, however the a@-I1 had an apparently lower molec- 
ular weight and higher PI when analyzed by two-dimensional gel 
electrophoresis. This apoc-11 variant, designated apoc-IIBethda, 
was not affected by neuraminidase treatment or reduction. Two- 
dimensional gel electrophoresis of the plasma of the mother of 
the proband revealed both normal apoc-11 and apOC’IIBethesda, 
whereas analysis of the father and two siblings revealed apoC-I1 
of normal electrophoretic mobility. These results were interpreted 
as indicating that the proband was a compound heterozygote with 
one allele for apoC-IIBethesda inherited from the mother and an 
allele coding for an abnormality which results in the virtual or 
complete absence of plasma apoC-I1 from the father. This pro- 
band represents the first example of a compound heterozygote 
for an apolipoprotein defect associated with a dyslipoproteinemia. 
-Sprecher, D. L., L. Taam, R. E. Gregg, S. S. Fojo, D. M. 
Wilson, M. L. Kashyap, and H. B. Brewer, Jr. Identification 
of an apoC-I1 variant (apoC-IIBethda) in a kindred with apoC-I1 
deficiency and type I hyperlipoproteinemia. J.  Lipid Res. 1988. 
29: 273-278. 
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ApoC-I1 deficiency is a rare genetic disease characterized 
by marked elevations of plasma triglycerides, chylomicrons, 
and very low density lipoproteins, as well as reduced levels 
of LDL and HDL (1). The characteristic apolipoprotein 
abnormality in this disease is a deficiency of apoC -11, the 
cofactor for lipoprotein lipase, the enzyme attached to the 
capillary endothelium which catalyzes the hydrolysis of 
plasma triglycerides to fatty acids and monoglycerides. In 
virtually all of the reported kindreds, apoC -11 has not been 
detected in plasma (2-11). The deficiency of apoC-I1 is as- 
sociated with elevated levels of plasma triglycerides and 

chylomicrons. Postheparin lipoprotein lipase activity is nor- 
mal when assayed in the presence of plasma from normal 
subjects or purified apoC-11. 

Recently the amino acid sequence of apoC-I1 isolated 
from normal subjects was determined (12), and the cDNA 
for apoC-I1 was cloned (13-15). ApoC-I1 is synthesized as 
a 101 amino acid protein, preproapoC-11, which undergoes 
co-translational cleavage of a 24 amino acid prepeptide, and 
post-translational cleavage in plasma to the 73 amino acid 
mature apoC-I1 (16). ApoC-I1 is located on chromosome 
19 (15, 17), in tandem array with apoC-I and apoE (18, 19). 
The LDL receptor is also located on this chromosome (20). 
The complete solid phase synthesis of biologically active 
apoC-I1 has been reported (21). 

We have recently reported the analysis of the apoC-I1 
gene in two kindreds with apoC-I1 deficiency (22). The 
identification of apoC-I1 in the plasma of one of the pa- 
tients with apoC-I1 deficiency prompted an analysis of the 
plasma apoC-I1 isoforms and is the subject of this report. 

MATERIALS AND METHODS 

The proband is a 12-yr-old white female with a history of 
hypertriglyceridemia in the range of 500-1200 mg/dl first 
documented at the age of 6. She is asymptomatic with a 
normal physical examination and no history of pancreati- 
tis. She has been treated with a low fat diet, and her 
triglycerides currently range from 500 to 700 mg/dl. The 
proband has two siblings, ages 14 and 18. There is no his- 
tory of consanguinity in the kindred. 

Abbreviations: VLDL, very low density lipoproteins; LDL, low den- 
sity lipoproteins; HDL, high density lipoproteins; apo, apolipoprotein; 
NaDodSO,, sodium dodecylsulfate. 
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TABLE 1 .  Plasma lipid and lipoprotein cholesterol concentrations 

Cholesterol 

Total Chylomicrons 
Subject Cholesterol Triglyceride + VLDL LDL HDL 

mg/dl 

Normal (n = 1088) 189 * 40" 87 * 43 16 ? 1 1  123 * 35 50 * 14 
Probandb 144 + 26 729 * 296 87 + 20 36 * 6 19 * 6 
Mother 260 i- 14 138 * 36 19 171 82 f 7 
Father 197 140 31 118 49 
Sister 163 99 15 89 59 
Brother 183 229 28 106 49 

"Values are means + SD. SD i s  presented only when there are at least three values. Other results are the mean 

'Data on the proband represents the mean of nine values over the 4-yr diet treatment period. 
of  two values. 

Blood for lipid and lipoprotein analysis was collected in 
0.1% EDTA after a 12-14 hr fast. Cholesterol and triglycer- 
ide concentrations in plasma and lipoprotein fractions were 
determined in an AutoAnalyzer I1 (Technicon, Tarrytown, 
NY) by the techniques standardized by the Lipid Research 
Clinic (23, 24). Lipids were also quantitated by enzymic 
procedures utilizing the Gilford System 3500 analyzer (Gil- 
ford Instruments, Oberlin, OH) (25, 26). Values for lipids, 
lipoproteins, and apolipoproteins determined in normal 
controls have been previously reported (27). 

Plasma concentrations of apolipoproteins A-I, A-11, and 
B (27) were determined by radial immunodiffusion, and 
apoE (28) as well as apoC-II(29) were quantitated by radio- 
immunoassay. The immunochemical properties of apoC -11 
in plasma were also evaluated by Ouchterlony immuno- 
diffusion (30). Lipoprotein lipase activity was determined 
on postheparin plasma following fractionation by heparin 
affinity chromatography by the procedure of Nakaya, 
Schaefer, and Brewer (31) as previously reported. 

Plasma two-dimensional gel electrophoresis was per- 
formed as previously described (32). Briefly, in the first 
dimension, 3-4 pl of plasma was isoelectrofocused (pH 4 to 
7) in tube gels and NaDodSOc slab gel electrophoresis was 
performed in the second dimension with 15% (w/v) acryla- 
mide. Following electrophoresis the proteins were trans- 
ferred to nitrocellulose paper and immunoblotted (33). The 

monospecific antibody to apoC -11 utilized in the immuno- 
blot as well as the Ouchterlony immunodiffusion analyses 
were prepared against rabbit apoC-I1 purified by high pres- 
sure liquid chromatography (34). 

RESULTS 

Plasma lipids and lipoproteins in the proband and imme- 
diate family are included in Table 1. The values for the 
proband were obtained while on a 20 glday fat diet. Plasma 
triglycerides, chylomicrons, and VLDL were elevated, and 
the LDL as well as HDL cholesterol levels were reduced in 
the proband. The lipid and lipoprotein values in the parents 
and two siblings were normal. 

The plasma concentrations of apolipoproteins A-I, A-11, 
B, E, and C-I1 are shown in Table 2. In the proband apoA-I 
and apoB were reduced, apoE was elevated, and apoC-I1 
was markedly reduced to less than 0.05 mg/dl. The apoC-I1 
levels in the mother, father, and two siblings of the proband 
were reduced and the apoA-I level in the mother was 
elevated (Table 2). 

Lipoprotein lipase activity in the proband was virtually 
zero but increased to 5.8 pmol/ml per min when assayed in 
the presence of normal plasma or purified apoC-I1 (control 
lipoprotein lipase activity = 6.9 1.1 pmol/ml per min). 

TABLE 2. Plasma apolipoprotein concentrations 

Subjects ApoA-I ApoA-I1 ApoB ApoC-I1 ApoE 

mg/dl 

Normal (n = 50) 1 1 7  f 17" 27 * 4 85 * 19 5.2 * 0.3' 5.7 f 1 .4  
Proband 80 29 53 < 0.05 15.2 
Mother 214 36 143 2.5 4.3 
Father 138 32 117 3.6 3.1 
Sister 125 26 67 1.7 4.2 
Brother 125 32 108 2.8 4.3 

"Values are means SD. 
'Normal range is included in reference 29. 
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Analysis of plasma  apoC-I1 in the  proband by Ouchter- 
lony immunodiffusion is illustrated in Fig. 1. A line of iden- 
tity was present between normal plasma (well l), the 
apoC-I1  standard (well 2). and  the plasma of the  proband 
(well 3). These results indicated that  the  apoC-I1 present in 
the  plasma of the  proband was immunochemically similar 
to  the purified apoC-I1  standard  and  the  apoC-I1 present 
in normal  plasma.  Precipitant  bands were also observed 
in the mother, father, and two siblings of the proband when 
plasma was analyzed by immunodiffusion with the apoC-I1 
antibody  (data not shown). 

The apoC-I1 present in the  proband was evaluated by 
two-dimensional gel electrophoresis (Fig. 2). No apoC-I1 
was detected in the  electrophoretic position of normal 
apoC-I1 in the  electrophoretogram by silver staining, 
however, a new  very light spot was detected of lower ap- 
parent  molecular weight and more basic pl (Fig. 2A). The 
electrophoretogram from the proband was further analyzed 
by immunoblot utilizing a high titer monospecific antibody 
to apoC-11. In the  proband  a  major single apoC-I1 isoform 
designated apoC-II~clhcrda was observed at the position of 
the new isoform identified by silver staining  (Fig. 2B). To 

Fis. 1. Ouchrrrlony  immunnditiusion of plasma from thr  proband with 
apoC-II deticicncy. Wrll A contains 15 pI of thc apnC-I1 antibndy; wells 
1, 2. and 3 contain 15 pI of normal  plasma, 0.75 pg apoC-11 standard. 
and 15 PI of plasma from the  proband, respectively. 

B 

Fig. 2. Two-dimensional gel electrophoresis of plasma a@-I1 from the  proband with apoC-Ilk-. Plasma apo- 
lipoproteins were separated by two-dimensional g e l  electrophoresis  and visualized by silver staining  or  immunoblot. 
For immunoblot.  apolipoproteins  were  transferred following electrophoresis to nitrocellulose paper  and exposed to 
high and low titen of antibodies to a*-II and apd-I I ,  respectively. A@-I1 isoforms (monomer  and  dimer) provided 
internal  coordinates  for  localization  of  apoC-II isoforms. Panel A: Plasma  electrophoretogram from the  proband 
stained  with silver revealed an apoC-I1 isoform. designated apoC-IIhlhda.  with lower apparent  molecular weight 
and  more baqic pl ( -  4.75) than  the  electrophoretic position of normal  apoC-II  (broken circle, pl - 4.70). Panel 
R: Immunoblot of the  plasma  apolipoproteins with an  apoC-Il  antibody confirmed the  identity of the apoC-II&,h,adp 
variant. Panel C: Plasma  immunoblot  utilizing  both  apoC-II  and  apoA-II  antibodies to confirm  the  electrophoretic 
position of apoC-IIhlhda.  Panel D: Immunoblot  of  an  electrophoretogram of a mixture of plasma from the pro- 
band with apoC-l lhlhda  and normal plasma. 
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illustrate this difference in electrophoretic mobility, a low 
concentration of a monospecific antibody  to apoA-I1 was 
also included in a separate  electrophoretogram  to provide 
a reference for the position of  the apolipoproteins (Fig. 2C). 
To confirm the  electrophoretic position of  apOC-IIB&es&, 
plasmas from both the  proband  and a normolipidemic sub- 
ject were mixed and the  combined  sample was analyzed 
by two-dimensional gel electrophoresis (Fig. 2D). Normal 
apoC-I1  and  apoC-IIBethda were clearly separated  on  the 
electrophoretogram with the apoC-IIBethda being of lower 
apparent molecular weight and  a  more basic PI. The PI 
values  of normal a@-I1 and apoC-IIhhda were 4.70 and 
4.75, respectively. Treatment of the  plasma of the  proband 
with neuraminidase or reduction had no effect on the elec- 
trophoretic position of the apOC-IIBechn& variant. 

The C-I1 apolipoproteins present in the father, mother, 
and two siblings of the  proband were also analyzed by two- 
dimensional g e l  electrophoresis (Fig. 3). The C-I1 apolipo- 
proteins present in the  father  and two siblings were identi- 
cal to apoC-I1 of normal subjects on  the two-dimensional 
electrophoretograms (Fig. 3A, C ,  and D). The electrophore- 
togram of the mother, however, contained both normal 
apoC-11 and apOC-IIBethe& (Fig. 3B). 

DISCUSSION 

The clinical features of the proband in the present study 
are characteristic of the reported cases of apoC-I1 deficiency 
with elevated levels  of plasma triglycerides, chylomicrons, 
and  VLDL, as well as reduced levels  of LDL,  HDL, apoA-I 
and  apoB (2-11). In general, the hypertriglyceridemia and 
the severity of the clinical symptoms in patients with 
apoC-I1 deficiency appear to be somewhat ameliorated 
when compared to patients with  lipoprotein  lipase  deficiency 
and severe hypertriglyceridemia. Other apolipoproteins 
[e.g., apoH (31)]  may  serve as cofactors  for lipoprotein lipase 
in the absence of apoC-11, thereby reducing  the severity 
of the hypertriglyceridemia. 

ApoC-I1 was identified in the plasma of the patient with 
apoC-I1 deficiency by immunoblot  and  Ouchterlony 
analysis. The apoC-I1 identified has been designated 
apoC-IIBetheda. Electrophoretically normal apoC-11, as 
well as apOC-IIBcthcda were present in the plasma of the 
mother, whereas reduced levels  of apparently normal 
apoC-I1 were present in the father and two siblings. These 
results are interpreted  as  indicating  that  the  proband con- 
tains  an  apoC-I1 variant which has been inherited from 

c . " 

I Y U I  I 1  la1 
ADoC-II 

:e 

Fig. 3. lmmunoblots of plasma apoC-I1 from  the  kindred of the  proband  with apoC-II&,hda. Panels include A, 
father; R, mother; C, brother; D, sister. The immunoblots of plasma apoC-I1 of the  father,  brother,  and sister con- 
tained apoC-I1 with  normal  apparent  molecular  weight  and pl.  The immunoblot of plasma apoC-I1 from  the  mother 
(panel R) contains apparently normal apoC-I1 and  the a p o C - l l ~ , h d a  variant. 
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the mother. Little, if any, normal apoC-I1 is present in her 
plasma, suggesting that the allele from her father may be 
a null allele or an allele coding for an abnormality which 
results in the virtual absence of plasma apoC-11. The pro- 
band therefore is a compound heterozygote. 

Recently, Maguire et al. (35) reported the identification 
of two mutant forms of apoC-I1 in a kindred of patients 
originally described with apoC-11 deficiency (2, 4). The 
apoC-11 variants, codified apoC-11-X and apoC-11-Y, 
differed in pi but were similar in molecular weight to nor- 
mal apoC-11. The plasma concentration of the apoC-I1 var- 
iants, based on polyacrylamide gel electrophoresis, ap- 
peared to be only moderately reduced when compared to 
apoC-I1 in normal subjects (35) .  A unique feature of the 
apoC-11 mutant in this kindred is the failure of these vari- 
ants to form insoluble antigen-antibody complexes with 
antibodies to apoC-I1 when analyzed by immunodiffusion 
and electroimmunoassay. The mutant C-I1 apolipoproteins 
were nonfunctional and unable to activate lipase. This in- 
teresting kindred, originally described with a deficiency of 
apoC-11, now appears to have mutant forms of apoC-I1 
present in plasma at presumably near normal concentration; 
these variants are nonfunctional and have unusual im- 
munological properties. 

The kindred reported by Maguire et al. (35) is signifi- 
cantly different from the kindred described in the present 
report. In this proband the level of apoC-I1 is extremely 
low, consistent with the designation of the dyslipoprotein- 
emia as apoC-I1 deficiency, and there is no marked 
abnormality in the immunological properties of the 
apoC -IIgelhesdavariant. In addition, the proband is a com- 
pound heterozygote and represents the first case of an apo- 
lipoprotein defect with this type of genetic abnormality. A 
genetic compound has been previously reported in patients 
with familial hypercholesterolemia and a defect in the LDL 
receptor (36). 

The discovery of a compound heterozygous type of apo- 
lipoprotein defect gives additional insights into the heter- 
ogeneity of the molecular defects present in patients with 
similar biochemical syndromes. The. nature of the defect 
in apoC-IIBethesda is as yet not known, however the recog- 
nition that structural defects in apoC-I1 may be associated 
with defective cofactor function for lipoprotein lipase heralds 
a new era in the biochemical study of patients with hyper- 
triglyceridemia and the type I as well as type V phenotypes. 

I E  
Manuscript received 16 September 1986 and in revised form 30 September 1987. 

REFERENCES 

1. Nikkila, E. A. 1983. Familial lipoprotein lipase deficiency and 
related disorders of chylomicron metabolism. In The Meta- 
bolic Basis of Inherited Disease. 5th ed. J. B. Stanbury, 
J. B. Wyngaarden, D. S. Fredrickson, J. L. Goldstein, and 
M. S. Brown, editors. McGraw-Hill Book Co., New York. 
622-642. 

2. 

3. 

4. 

5. 

6.  

7 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Breckenridge, W. C., J. A. Little, G. Steiner, A. Chow, and 
M. Poapst. 1978. Hypertriglyceridemia associated with 
deficiency of apolipoprotein (2-11. N. Engl. J. Med. 298: 
1265-1273. 
Cox, D. W., W. C. Breckenridge, and J. A. Little. 1978. In- 
heritance of apolipoprotein C-I1 deficiency with hyper- 
triglyceridemia and pancreatitis. N Engl. J Med. 299: 

Breckenridge, W. C., P. Alaupovic, D. W. Cox, and J. A. 
Little. 1982. Apolipoprotein and lipoprotein concentrations 
in familial apolipoprotein C-I1 deficiency. Athemsclemsis, 44: 

Yamamura, T., H. Sudo, K. Ishikawa, and A. Yamamoto. 
1979. Familial type I hyperlipoproteinemia caused by apo- 
lipoprotein C-I1 deficiency. Athmclemsk. 34: 53-65. 
Miller, N. E., S. N. Rao, P. Alaupovic, N. Noble, J. Slack, 
J. D. Brunzell, and B. Lewis. 1981. Familial apolipoprotein 
C-I1 deficiency: plasma lipoproteins and lipoproteins in het- 
erozygous and homozygous subjects and the effects of plasma 
infusion. Euz J Clin. Invest. 11: 69-76. 
Capurso, A,, L. Pace, L. Bonomo, A. Catapano, G. Schilior, 
M. LaRosa, and G. Assmann. 1980. New case of apoprotein 
C-I1 deficiency. Lancet. 1: 268. 
Stalenhoef, A. F. H., A. F. Casparie, P. N. M. Demacker, 
J. T. J. Stouten, J. A. Lutterman, and A. van't Laar. 1981. 
Combined deficiency of apolipoprotein C-I1 and lipoprotein 
lipase in familial hyperchylomicronemia. Metabolism. 30: 

Catapano, A. L., G. L. Mills, P. Roma, M. LaRosa, and 
A. Capurso. 1983. Plasma lipids, lipoproteins, and apopro- 
teins in a case of apoC-I1 deficiency. Clin. Chim. Acta. 130: 

Baggio, G., E. Manzato, C. Gabelli, R. Fellin, S. Martini, 
G. B. Enzi, E Verlato, M. R. Baiocchi, D. L. Sprecher, 
M. L. Kashyap, H. B. Brewer, Jr., and G. Crepaldi. 1986. 
Apolipoprotein C-I1 deficiency syndrome. J Clin. Invest. 77: 

Saku, K., C. Cedres, B. McDonald, B. A. Hynd, B. W. Liu, 
L. S. Srivastava, and M. L. Kashyap. 1984. C-TI anapolipo- 
proteinemia and severe hypertriglyceridemia. Report of a rare 
case with absence of C-I1 apolipoprotein isoforms and review 
of the literature. Am. J.  Med. 77: 457-462. 
Hospattankar, A. V., T. Fairwell, R. Ronan, and H. B. 
Brewer, J .  1983. Amino acid sequence of human apolipo- 
protein C-I1 from normal and hyperlipoproteinemia subjects. 
J Biol. Chem. 2 5 9  318-322. 
Fojo, S. S., S. W. Law, and H. B. Brewer, J .  1984. Human 
apolipoprotein C-11: complete nucleic acid sequence of pre- 
apolipoprotein C-11. Pmc. Natl. had Sci. USA. 81: 6354-6357. 
Sharpe, C. R., A. Sidoli, C. S. Shelley, M. A. Lucero, C. C. 
Shoulders, and F. E. Baralle. 1984. Human apolipoproteins 
AI, AII, CII, and CIII cDNA sequences and mRNA abun- 
dance. Nucleic AcidF Res. 12: 3917-3932. 
Jackson, C. L., G. A. P. Bruns, and J. L. Breslow. 1984. Iso- 
lation and sequence of a human apolipoprotein C-I1 cDNA 
clone and its use to isolate and map to human chromosome 
19 the gene for apolipoprotein C-11. Pmc. Natl. had Sci. USA. 

Fojo, S.  S., L. T a m ,  T. Fairwell, R. Ronan, C. Bishop, M. S. 
Meng, J. M. Hoeg, D. L. Sprecher, H. B. Brewer, Jr. 1986. 
Human preproapolipoprotein (3-11: analysis of major plasma 
isoforms. J.  Biol. Chem. 261: 9591-9594. 
Fojo, S. S., S. W. Law, H. B. Brewer, Jr., A. Y. Sakaguchi, 
and S. L. Naylor. 1984. The localization of the gene for 
apolipoprotein C-I1 to chromosome 19. Biochem. Biop/ys. Res. 
Commun. 121: 687-693. 

1421-1424. 

223-235. 

919-926. 

317-327. 

520-527. 

81: 2945-2949. 

Sprecher et al. ApoC-I1 variant (apoC-IIBethesda) 277 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

Lusis, A. J., C. Heinzmann, R. S. Sparkes, J. Scott, T. J. 
Knott, R. Geller, M. C. Sparkes, and T. Mohandas. 1986. 
Regional mapping of human chromosome 19: organization 
of genes for plasma lipid transport (apoC1, -C2, and -E and 
LDLR) and the genes C3, PEPD, and GPI. Proc. Natl. Acad. 
Sci. USA. 83: 3929-3933. 
Davison, P. J., P. Norton, S. C. Wallis, L. Gill, P. Cook, 
R. Williamson, and S.  E. Humphries. 1986. There are two 
gene sequences for apolipoprotein CI  (apoCI) on chromo- 
some 19, one of which is 4 kb from the gene for apoC. Bio- 
chem. Biophys. Res. Comm. 136: 876-884. 
Franke, U., M. S. Brown, and J. L. Goldstein. 1984. Assign- 
ment of the human gene for the low density lipoprotein recep- 
tor to chromosome 19: synteny of a receptor, a ligand, and 
a genetic disease. Pmc. Natl. Acad. Sci. USA. 81: 2826-2830. 
Fairwell, T., A. V. Hospattankar, H. B. Brewer, Jr., and S. A. 
Khan. 1987. Human plasma apolipoprotein C-11: total solid- 
phase synthesis and chemical and biological characterization. 
Proc. Natl. Acad. Sci. USA. 84: 4796-4800. 
Fojo, S. S., S. W. Law, D. L. Sprecher, R. E. Gregg, 
G. Baggio, and H. B. Brewer, Jr. 1984. Analysis of the apoC-I1 
gene in apoC-11-deficient patients. Biochem. Biophys. Res. Com- 
mun. 124: 308-313. 
Technicon Instruments. 1974. AutoAnalyzer. Technicon In- 
struments, Tarrytown, NY. 345. 
Lipid Research Clinics Program. 1974. Manual of Labora- 
tory Operations. Lipid and Lipoprotein Analysis. US 
Government Printing Office, Washington, DC. DHEW Pub- 
lication No (NIH) 75-628. 
Pesce, M. A,, and S. H. Bodourian. 1976. Enzymatic rate 
method for measuring cholesterol in serum. Clin. Chem. 22: 
2042-2045. 
Wahlefeld, A. W. 1974. Triglycerides: detemination after en- 
zymatic hydrolysis. I n  Methoden der Enzymatischen Ana- 
lyse. 3rd ed. H. U. Bergmeyer, editor. Verlag Cheniie, Wein- 
heim, Federal Republic of Germany. 2: 1878-1882. 
Schaefer, E. J., W. H. Heaton, M. G. Wetzel, and H. B. 
Brewer. Tr. 1982. Plasma aDoliuoDrotein A-I absence as- 

and premature coronary artery disease. Arterlosclerasls 2: 

28. Gregg, R. E., 13. Wilson, E. Rubacalba, R. Ronan, and H. H. 
Brewer, Jr. 1983. Immunoquantitation of apolipoprotein 1;. 
Proceedings of the Apolipoprotein Quantitation Workshop. 
U.S. Government Printing Office. NIH Publication No. 

29. Kashyap, M .  L., L. S. Srivastaa, C. Y. Chen, G. Perisutti, 
M. Campbell, R. F. Lutmer, and C. J. Glueck. 1977. Radio- 
immunoassay of human apolipoprotein C-TI: a study in nor- 
mal and hypertriglyceridemic subjects. J Clin. Invest. 69: 

30. Ouchterlony, 0. 1953. Antigen-antibody reactions in gels: 
IV types of reactions in coordinated system of diffusion. Acta. 
Pathol. Microbial. Scand. 32: 231-236. 

Nakaya, Y.,  E. J. Schaefer, and H .  B. Brewer, Jr. 1980. Acti- 
vation of human postheparin lipoprotein lipase by apolipo- 
protein H(&-glycoprotein I). Biochem. Biophyx Res. Commun. 

32. Sprecher, D. L., L. Tamm, and H. B. Brewer, Jr. 1984. Two- 
dimensional electrophoresis of human plasma apolipopro- 
teins. Clin. Chem. 30: 2084-2092. 

33. Towbin, H., T. Staehlin, and J. Gordon. 1979. Electrophoretic 
transfer of proteins from polyacrylamide gels to nitrocellu- 
lose sheets - procedure and some applications. P70C. NatL 
Acad. Sci. USA. 76: 4350-4354. 

34. Ronan, R., L. L. Kay, M. S. Meng, and H. B. Brewer, Jr. 
1982. Purification and characterization of apolipoprotein C-I1 
from human plasma by high pressure liquid chromatography. 
Biochim. Biophys. Acta. 71 3: 65 7-662. 

35. Maguire, G. F., J. A. Little, G. Kakis, and W. C. Brecken- 
ridge. 1984. Apolipoprotein C -11 deficiency associated with 
nonfunctional mutant forms of apolipoprotein C-11. Can. J 
Biochem. Cell. Biol. 62: 847-952. 

36. Tolleshaug, H., J. L. Goldstcin, W. J. Schneider, and M. S. 
Brown. 1982. Post-translational processing of the LDL recep- 
tor and its genetic disruption in familial hypercholesterolemia. 

16-26. 

83-1266. 383-401. 

171-176. 

31. 

95: 1168-1172. 

7 0  ‘ 1 1  ~~ 

sociated with a marked reduction of high density lipoproteins Cell. 30: 715-724. 

278 Journal of Lipid Research Volume 29, 1988 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

