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Abstract A specific, accurate, and sensitive double anti- 
body radioimmunoassay for measuring human apolipopro- 
tein (apo) C-111 has been developed. Anti-apoC-111, de- 
veloped in rabbits cross-reacted completely with  apoC-111 
subspecies. Analytical isoelectric focusing of delipidated 
triglyceride-rich lipoproteins (TRL) was done to assess the 
percentage of total apoC-111  mass comprised by apoC-HI,, 
C-IIIl,  and C-II12, and  the  data were used to compute  the 
absolute plasma TRL apoC-111 subspecie concentration. 
Total plasma apoC-I11 was 11.1 ? 0.9 mg/dl (mean t SEM) 
in 29 normolipidemic healthy subjects; 21.3 5 4.9, 27.5 
t 2.2, and 53.6 t 7 mg/dl in 3, 16, and 13 patients with 
primary types 111, IV, and V  hyperlipoproteinemia, re- 
spectively, and significantly ( P  < 0.01) higher than normal. 
Total plasma triglycerides (TG) correlated positively  with 
total plasma apoC-111 ( r  = 0.88; P = 0.0001) and  TRL 
apoC-111 ( r  = 0.88; P = 0.0001). Progressive hypertriglyc- 
eridemia was associated with a rise in the percent of total 
apoC-I11 in TRL isolated at d < 1.006 g/ml ( r  = 0.78; P 
< 0.0001;  n = 43) and a reciprocal decline in the  TRL- 
free plasma fraction (d > 1.006 g/ml). ApoC-111 com- 
prised significantly more of HDLz than HDL, protein 
(7.3 ? 0.2 versus 1.6 ? 0.276, respectively,P < 0.01). HDL, 
and HDL, isolated from patients with type IV hyperlipo- 
proteinemia  had subnormal apoC-111  as percent of total 
protein  (2.4 0.5 and 0.6 5 0.1, respectively). Total plasma 
TG correlated negatively with i )  apoC-111 as percent of 
total HDL protein ( r  = -0.67; P = 0.002,  n = 20); i i )  apoC- 
111 as  percent of total HDLz protein ( r  = -0.52;P = 0.019); 
and Ci) apoC-111  as percent of total HDL, protein ( r  = -0.72; 
P = 0.0004). Plasma TRL apoC-111 subspecie concentra- 
tions were significantly higher in the  three hypertriglyc- 
eridemic groups (primary types 111, IV, and V) com- 
pared to normals. TRL apoC-111, levels in patients with 
type IV and V were comparable (2.4 t 0.3 and 2.2 ? 0.6 
mg/dl, respectively). However, TRL apoC-111, and  C-IIIz 
in patients with type V hyperlipoproteinemia were sig- 
nificantly higher ( P  < 0.01) than in  patients with types IV 
or 111 hyperlipoproteinemia. Total plasma TG correlated 
positively  with TRL apoC-111, ( r  = 0.56; P = 0.0004), TRL 
apoC-111, ( r  = 0.82; P = 0.0001) and  TRL  apoC-IIIz 
( r  = 0.76; P = 0.0001). The slope of regression line relat- 
ing total plasma TG with TRL apoC-111,  was significantly 
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steeper (P < 0.0001) than  that  for apoC-111,. Thus,  for a 
given interval of plasma TG,  the change in concentration 
of TRL apoC-111, was much greater  than  that in TRL 
apoC-III,.m The development of the RIA and its com- 
bined use with analytical isoelectric focusing thus allows 
quantitation of this important glycopeptide and its sub- 
species in human plasma and its subfractions. Because 
apoC-111 inhibits not only tissue lipoprotein lipase but 
also the hepatic uptake of triglyceride-rich lipoproteins 
and  remnants,  the  data  support  the possibility that  an 
abnormal metabolism of apoC-111 subspecies may  be 
linked pathogenetically to elevated plasma TG levels.- 
Kashyap, M. L., L. S. Srivastava, B. A. Hynd, P. S. 
Gartside, and G. Perisutti. Quantitation of human apo- 
lipoprotein C-111 and its subspecies by radioimmuno- 
assay and analytical isoelectric focusing: abnormal plasma 
triglyceride-rich lipoprotein  apolipoprotein C-111 sub- 
specie concentrations in hypertriglyceridemia. J .  Lipid 
Res. 1981. 22: 800-810. 
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The  protein  moiety  of  human  lipoproteins is a 
heterogeneous  mixture of numerous  peptides  grouped 
as  apolipoproteins  A, B,  C,  and so on.  The C group 
of  apolipoproteins is mainly  found  in  the  triglyceride- 
rich  lipoproteins  (i.e.,  very low density  lipoproteins 
and  chylomicrons)  and  high  density  lipoproteins 
(HDL). ApoC  consists of three  peptides  (apoC-I, 
C-11, and  C-111) with  distinct  differences  in  structure 
and  physico-chemical  properties (1). ApoC-I11 is a 
peptide  (mol wt 9300) that  exists  in  at  least  three 
forms. T h e  species  contain 0, 1, or 2 moles  of sialic 

Abbreviations: TRL, triglyceride-rich lipoprotein; TG, tri- 
glyceride; RIA, radioimmunoassay; IEF, isoelectric focusing; HDL, 
high density lipoprotein; VLDL, very low density lipoprotein; 
LDL, low density lipoprotein; VHDL, very high density lipoprotein. 
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acid (2) and  are known as apoC-III,, C-III,,  and 
C-II12, respectively. 

Hypertriglyceridemia arising  from  normal  fat diges- 
tion and  absorption  (resulting in chylomicronemia) 
or from  endogenous triglyceride synthesis (resulting 
in increased levels of very  low density lipoproteins) 
is associated with a transfer of the C  apolipoproteins 
from  HDL  to TRL (3). The catabolic fate of TRL 
is mediated initially by lipoprotein lipase. In vitro 
studies have shown that  apoC-I1 increases the activ- 
ity of this enzyme (4-6) whereas apoC-111 inhibits 
it (7). 

Recent evidence with rat,  canine,  and  human lipo- 
proteins or with artificial lipid-protein  complexes 
indicates  that the C  apolipoproteins may have a very 
important function in the  uptake of TRL particles 
and  remnants by the  rat  perfused liver. These  stud- 
ies suggest  that  whereas  apoE or its isomers (E3 and 
E4) promote  the  recognition of T R L  particles or 
remnants by a specific hepatic  receptor,  the C apo- 
lipoproteins  have  an  opposite effect (8-12).  Human 
apoC-111, has specifically been shown to  inhibit this 
process (8). However,  the exact in  vivo role of apoC- 
I11  in normal  human physiology has not  been es- 
tablished. 

The  purpose of this report is to  detail  a  double 
antibody  radioimmunoassay we have developed  for 
the  quantitation of human apoC-I11 in plasma or 
its lipoprotein  fractions. Analytical isoelectric focusing 
has been used to measure  the  proportions of the 
desialylated (C-IIIo)  and each sialylated (C-111, and 
C-IIIz)  apolipoprotein in delipidated TRL. By meas- 
uring total apoC-111 by RIA and its subspecies by 
analytical IEF,  the  absolute  concentrations of T R L  
apoC-111,,  C-111, and C-II12 have been measured. 
Their relationship to total plasma triglycerides has 
been assessed. Additional work related to the  amount 
of radioimmunoassayable apoC-I11 in HDL and its 
subfractions HDL,  and HDL, and its relationship 
to plasma triglycerides is also presented. 

METHODS 

Radioimmunoassay of apoC-I11 
The design of the  method  developed in this 

laboratory was similar to an  earlier  one  for  human 
apoC-I1  (13). 

Antigen isolation and characterization. The antigen 
used was apolipoprotein C-111, which was isolated 
from pooled human plasma. Blood was collected from 
fasting (> 12 hr) asymptomatic  normal  individuals 
or fasting  patients with type V  hypertriglyceridemia 

in tubes  containing  the  disodium salt  of ethylene- 
diaminetetraacetic acid (EDTA)  to give a final con- 
centration of 1.0 mg/ml. Plasma was separated by 
slow speed  centrifugation  at 4°C.  VLDL  was isolated 
by preparative  ultracentrifugation  for  at least 18 hr 
in cellulose nitrate  tubes placed in a  40.3 Beckman 
rotor  (using  a L5-50 Beckman Ultracentrifuge) ac- 
cording  to Havel, Eder,  and  Bragdon (14). The VLDL 
was ultracentrifuged  again  after  layering with 0.15 M 
sodium  chloride in 1 mM disodium salt  of EDTA 
(EDTA-saline)  for further purification. ApoC-111, 
was isolated from  the delipidated VLDL according 
to  Brown, Levy, and Fredrickson  (15). This  method 
involved extensive dialysis of VLDL against  EDTA- 
saline, its lyophilization and delipidation with cold 
(4°C) ethanol-diethyl  ether  at least thrice, followed 
by two  washes  with diethyl ether  alone.  The ethyl 
ether was evaporated  under a  gentle  stream of nitro- 
gen. The apoVLDL was dissolved in a 0.2 M Tris- 
HCI buffer,  pH  8.2, containing 0.1 M sodium decyl 
sulfate.  Approximately  40-60 mg of apoVLDL were 
applied  to  a G- 150 Sephadex  column  (1.5 cm X 100 
cm).  Two  major peaks of apoB and C were obtained. 
The C  apolipoproteins were isolated, dialyzed exten- 
sively (using  Spectrapor dialysis tubing with a molecu- 
lar weight cut-off of 3,500) against 5 mM Tris-HCI, 
pH  8.2, at 4°C. This material was applied to a  column 
of DEAE-cellulose equilibrated with 5 mM Tris-HC1, 
pH 8.2,  at 4°C. Individual  C  apolipoproteins were 
separated by a  sodium  chloride  gradient  using  a 
starting  concentration of 0.05 M Tris-HC1, pH 8.2, 
at 4"C, and gradually  increasing  the  sodium  chloride 
concentration  to  0.15 M. The total volume of the 
gradient was 500 ml. ApoC-I, C-11,  C-1111 and  C-IIIZ 
were resolved. The protein in tubes  containing 
apoC-111, was subjected to analytical IEF (described 
below) for assessment of purity. The tubes  from  the 
top  and  descending slope of the apoC-111, peak, 
which showed a single band  on analytical IEF, 
were pooled and dialyzed extensively against 0.05 M 
ammonium  bicarbonate and lyophilized using a Virtis 
Uni-trap Model 10-100 lyophilizer (Virtis  Ltd.,  Gardi- 
ner, N Y  12525). Amino acid composition of the  pro- 
tein was determined with a  Durrum-D-500  amino acid 
analyzer (Durrum  Instrument  Corp., Sunnyvale,  CA). 
The amino acid composition was similar to pub- 
lished  values  based on the primary structure of apoC-I11 
(2); purity was judged by analytical IEF (described 
below) and polyacrylamide gel electrophoresis in 
urea  (16)  and  sodium dodecyl sulfate (17). Applica- 
tion of 100 pg of the  protein  per gel gave a single 
band by these  methods. The PI  for apoC-111, was 
4.64 (19). Fig. 1 shows the  results of analytical 
IEF of 100 pg of this protein. 
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Fig. 1. ApoC-111, was isolated from delipidated triglyceride-rich 
lipoproteins isolated by preparative ultracentrifugation as de- 
tailed in Methods. Analytical IEF was carried out with 100 pg of 
protein. 

Antibody fwefxzration. Female albino New Zealand 
rabbits weighing approximately 2.5 kg were im- 
munized with 100 p g  apoC-111, (in 0.5 ml of 0.15 M 
sodium chloride) emulsified with 0.15 ml of Freund’s 
complete adjuvant. Injections were given directly 
into the popliteal lymph nodes and also intrader- 
mally in multiple sites on the back. Booster injec- 
tions (100 p g  in Freund’s complete adjuvant) on the 
back were given at approximately 3-week intervals, 
and the animals were bled 14 days after the last in- 
jection. The serum was kept at -70°C. Whole anti- 
serum from one rabbit was used in this study. A dilu- 
tion of 1:3,000 was used for the standard curve. 

Labeling apoC-ZZZ, with lZ51. Basically, the method of 
Greenwood, Hunter, and Glover (18) was used. To 5 
p g  of lyophilized apoC-III,, 0.1 ml of 0.5 M phos- 
phate buffer, pH 7.6, was added and the tube was 
gently tapped to dissolve the apoprotein. This was 
followed by the addition of 0.5 mCi lZ5I and 87.5 
p g  of chloramine-T in 25 p1 of 0.05 M phosphate 
buffer, pH 7.6. After 30 sec, 250 p g  of sodium 
metabisulfite in 0.1 ml of 0.05 M phosphate buffer, 
pH 7.6, was added to stop the reaction. Fifty pl 
of 7% bovine serum albumin was then added. The  
mixture was subjected to gel chromatography using 
Sephadex G-100 (1  cm x 100 cm column previously 
coated with 3% bovine serum albumin) and then 
eluted with 0.07 M barbital buffer containing 1% 
bovine serum albumin, pH 8.6, to separate labeled 
apoC-111, from 125iodine. The elution profile showed 
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an initial small peak of high molecular weight ag- 
gregates and a second larger peak of highly purified 
labeled apoC-111,. The  following procedures were 
used to assess homogeneity of the labeled apoC-111,. 
When mixed with unlabeled apoC-111,, both eluted 
in the same peak on gel chromatography and were 
noted as a single band on polyacrylamide gel electro- 
phoresis (16). Thin gel slices subjected to scintilla- 
tion counting also revealed a single peak that cor- 
responded to the band stained with Coomassie Blue. 
The  percent binding of labeled protein from the first 
and second peaks with initial antibody dilution of 
1:3000 was 9% and 55%, respectively. 

The assay. To a 10 x 75 mm glass tube were added 
a)  0.4 ml of 1% bovine serum albumin in 0.02 M 
barbital buffer (pH 8.5), 6 )  0.1 ml of plasma or un- 
known sample diluted 1 : 100- 1 : 1200 (or greater) with 
barbital buffer, or apoC-111, standard, 6) 0.1 ml of 
antibody diluted 1: 10,000 with barbital buffer con- 
taining normal rabbit serum, and d )  0.1 ml of I2’I- 
labeled apoC-111, containing approximately 10,000 
cpm. The assay was done with tubes at 4°C. After 
incubation of the mixture for 72 hr at 4°C. 0.1 ml 
of goat anti-rabbit gamma globulin was added. The 
samples were incubated for 48 hr at 4”C, and then 
centrifuged at 2,500 rpm for 20 min at 4°C. The 
supernate was aspirated and radioactivity in the 
washed (with 1.0 ml barbital buffer) precipitate was 
measured in a Packard Autogamma scintillation spec- 
trometer 5230 (Packard Instrument Co., Inc., Down- 
ers Grove, IL). All measurements were done at least 
in duplicate and the mean concentration was used 
in the results. 

Analytical isoelectric focusing of apoC-111 in 
triglyceride-rich lipoproteins 

The procedure followed for the determination of 
the ratios of apoC-III,, C-111,. and C-111, by analytical 
IEF was identical to that described and validated in 
detail by Kashyap et al. (19). Essentially, TRL iso- 
lated by preparative ultracentrifugation was de- 
lipidated by tetramethylurea and the apoC-I I1 sub- 
species and apoC-I1 were separated by IEF in gels 
with a PI range between 3.5 and 5.0. This method 
clearly resolved the desialylated (apoC-111,) and 
sialylated (apoC-111, and C-I1I2) subspecies of apoC- 
111. Densitometric scanning of the gels was used for 
calculation of the percentage of total TRL apoC-I11 
comprised by each apoC-I11 subspecies. 

Other analytical methods 
Total plasma triglycerides, cholesterol, HDL-cho- 

lesterol, and lipoprotein electrophoresis were done 
according to the Lipid Research Clinic Methodology 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


(20). Protein  measurements were done by the  method 
of  Lowry et al. (21). For VLDL, the sample  turbidity 
was removed by a modification of the assay using 
Triton X-100 as  described by Kashyap, Hynd,  and 
Robinson (22).  Sequential density ultracentrifugation 
was performed according  to the  method of Have1 
et al.  (14)  for isolation of TRL  (d < 1.006 g/ml), HDL, 
(d  1.063-1.125g/ml),HDL3(d  1.125-1.210g/ml),and 
very high density lipoproteins  (VHDL) (d 1.210- 1.250 
g/ml). LDL used for cross-reactivity experiments was 
isolated from  a  normal healthy  individual between 
a density interval of 1.030- 1.050 g/ml. Delipidation 
of TRL was done according  to Kane (23)  using 
tetramethylurea.  Incubation with neuraminidase was 
done according  to  a modification of the  method of 
Morel1 et al. (24)  and is described in detail  elsewhere 
(19).  Heating of plasma in experiments  dealing with 
accuracy of the  method was done at 52°C for  3  hr 
as described by Karlin et al. (25). 

Study subjects 
Studies were carried  out  on 29 normal  healthy 

volunteers and 32  patients with primary  hyperlipo- 
proteinemias who were classified according  to Lipid 
Research Clinics criteria (20). Mean (?SEM)  age of 
the  normal subjects was 33 2 4 years. There were 3, 
16, and 13 subjects with primary  types 111, IV,  and 
V  lipoprotein  phenotypes whose ages were 33 * 4, 
50 * 2, and 56 * 3 years, respectively. Total plasma 
cholesterol was 195 ? 16 mg/dl in normals and 514 
* 92, 237 ? 10, and 414 ? 62 mg/dl in subjects with 
types 111, IV,  and V hyperlipoproteinemia,  re- 
spectively; total plasma TG in normals was 114 ? 17 
mg/dl and 576 2 113,  498 2 48, and 1646 "c 249 
mg/dl, respectively, in the patients. Males comprised 
23/29  normals,  3/3 type 111, 13/16 type  IV, and 5/13 
type V individuals. At the time of study, all patients 
had  been  prescribed  a  diet appropriate  for  their 
hyperlipoproteinemia. All hypolipidemic drugs were 
discontinued  for  at least 6 weeks prior  to this study. 
All patients fasted except for water for  at least 12 hr. 
Venous blood was drawn in tubes  containing EDTA 
to give a  concentration of 1 mg/ml of blood. After 
centrifugation,  the plasma was refrigerated  and  the 
determination of plasma lipids,  electrophoresis, and 
preparative  ultracentrifugation was begun as soon as 
possible. The distribution of plasma apoC-111  in dif- 
ferent  lipoprotein  subfractions  (e.g., T R L  or TRL- 
free plasma) was performed in a subset of 11 of the 
29 subjects. 

Statistical analyses 

gross errors. Variables with skewed distributions 
were then  transformed  using  the  logarithmic (base 
10) function.  Correlation coefficients, regression lines, 
differences  among  regression  slopes,  and  Student's 
t-tests for  differences between group means were 
computed by the  standard methods as per Snedecor 
and  Cochran  (26). 

RESULTS 

The radioimmunoassay 

Characterization ofthe anti-serum. Initial antibody dilu- 
tions of 1 :3,000 were used for  the assay.  At this dilution, 
a typical standard curve  (as previously described  for 
apoC-II(l3)) was observed (Fig. 2). Nonspecific bind- 
ing  to  the  tubes was <3%  (range  0.5%-3.0%). 

Cross-reactivity to  apolipoproteins was measured 
as described previously (13). The percent cross- 
reactivity to anti-apoC-111, by apolipoproteins  C-I, 
C-11, C-III,,  A-I, A-11,  LDL protein,  and  d > 1.250 
g/ml plasma fraction was 3.1, 1 .O, 100.0, 0.16, 0.01, 
1.35, and O.Ol%,  respectively (Fig. 2). The purity 
of apolipoproteins A and  C was assessed by analytical 
IEF  (19), polyacrylamide gel electrophoresis  (16, 23) 
of 50 pg of protein,  and  amino acid analysis. The 
LDL was obtained by preparative  ultracentrifugation 
using  a  narrow density range of 1.030- 1.050 g/ml. 
A sample of this LDL was treated with tetramethyl- 
urea  and  the  tube was centrifuged to precipitate  apoB 
(16,  23). The  supernate was subjected to analytical 
IEF  and  no  band was noted  after fixing and stain- 
ing. As reported previously (19),  the sensitivity of 
analytical IEF  and polyacrylamide gel electrophoresis 
is approximately 2-3  pg of protein. Thus, the  apo- 
lipoproteins were at least 94-96%  pure.  Cross-re- 
activity to apoC-111, was assessed by treating VLDL 
with neuraminidase as previously described (19). 
A T R L  sample was incubated with neuraminidase 
and  after 24 hr  TRL was reisolated by ultracentrif- 
ugation. A control  sample was incubated only with 
buffer without enzyme. The concentrations of apoC- 
111 were found to be 664 and 660  pglml in the  con- 
trol and  neuraminidase-treated  sample, respectively. 
Analytical IEF of this sample showed a  marked  in- 
crease in the apoC-111, band, total absence of the 
apoC-II12 band,  and  80% reduction of apoC-111,. 

Serial dilutions of whole plasma, VLDL, inter- 
mediate density lipoproteins (d 1.006- 1.019 g/ml), 
HDL2,  and HDL3 fractions showed displacement 
curves  that were parallel to the  standard  curve  using 
apoC-111,. 

Means and  standard  errors were computed  after The sensitivity of  the system was 0.8  ng apoC-111, 
first scrutinizing the  data  for  discrepant values and per  tube. For the  standard  curve,  the working range 
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Fig. 2. Displacement of tracer (1251-labeled  apoC-111,) by unlabeled apoC-HI,, apolipoproteins A-I, A-11, C-I, and C-II,LDL  (apoB), and 
lipoprotein-free plasma. 

was 1.56 to 100 ng. The inter-  and intra-assay 
coefficient of variation was 9%  and 7%, respectively. 

The following experiments were conducted to 
assess the accuracy of the assay. A )  Eighteen plasma 
samples  from  a group of subjects with a wide range 
in total plasma TG (50-2090  mg/dl) and apoC-111 
(38-507  pglml) were ultracentrifuged  at  d 1.006 
g/ml. The d < 1.006 g/ml fraction (TRL)  and  the 
d > 1.006 g/ml fraction were analyzed for apoC-111. 
The sum of the concentrations in the two ultra- 
centrifugal  fractions  (237.3 ? 30.8 &mi) was similar 
to the concentration in whole plasma (240.2 t 32.0 
pg/ml). The correlation coefficient ( r )  between the 
total plasma concentration and  the sum of the two 
fractions was 0.99, P < 0.001. 

B )  To 0.5 ml of six different plasma samples, 
20 pg of apoC-111, (dissolved in 0.15 M sodium 
chloride) was added. The volume of the plasma was 
brought to 1.0 ml with normal saline. One-half ml 
of 0.15 M saline was added to  control  tubes. Mean 
(+SEM) level of the samples to which  apoC-111, 
was added was 153 * 30 pg/ml;  mean apoC-111 con- 
centration in the  control  sample was 132 ? 31 pglml. 
The correlation coefficient ( r )  between control and 
apoC-111, ‘spiked’ samples was 0.99; P < 0.001. 

C) ApoC-111, isolated from delipidated TRL by 
chromatography  (as described under Methods) in 
amounts of 0-40 p g  was subjected to IEF  in  duplicate. 
After  destaining, the apoC-111, band was scanned and 
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the  area  under  the peak was measured by planimetry. 
A standard curve  relating the absolute amount  of 
apoC-111, applied  to its densitometric area was con- 
structed.  IEF of tetramethylurea-delipidated T R L  
from two subjects was performed in the  same run 
as that of the  standard curve.  After  destaining and 
scanning of the gels, the total area given by the  apoC- 
IIIo,  C-III1,  and C-II12  bands was used for  quantita- 
tion of TRL apoC-111 from  the  standard  curve. The 
results by this method gave the values of 66.0 and 
101.2 mg/dl;  corresponding  radioimmunoassay values 
were 68.1 and 106.0  mg/dl, respectively. In these two 
subjects the  percent of .total  TRL  protein as apoC- 
111 was similar (33.7% and 40.2% by IEF versus 
35.1 and 42.1% by RIA, respectively). 
D) Seventeen plasma samples were heated at 52°C 

for  3  hr. Each sample was diluted with barbital 
buffer  and subjected  to  RIA. Tubes containing  con- 
trol plasma were left at 4°C for  the same period. 
Mean (+-SEM) concentration of unheated  control 
plasma was 11 1.6 t 9.7 versus 112.4 8.9 mg/dl for 
the  preheated plasma. The correlation coefficient ( r )  
between the apoC-111 concentration of the  preheated 
and control  sample was 0.99; P < 0.001. 

Distribution of apolipoprotein C-111 in human 
plasma fractions; relationship  to total plasma TG 

Multiple regression analyses were done  on  the 
plasma measurements  using  age,  sex,  and body mass 
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index (weighdheight') as independent variables in the 
normal subjects. No significant associations were 
found, i.e.,  age, sex or body mass did  not  influence 
the  measurements in these subjects. 

Total  plasma  apoC-Ill. Fig. 3 shows the correlation 
between the total plasma TG and total plasma apoC- 
111 over  a wide range of TG (47-3860  mg/dl). In 43 
subjects the correlation was 0.88 and was highly sig- 
nificant, P = 0.0001. The means f SEM of the  TG 
and apoC-111  in 29 normal subjects were 114 * 17 
mg/dl and 11.1 f 0.9  mg/dl, respectively; in 3 pa- 
tients with primary type I11 hyperlipoproteinemia, 
the values were 576 k 113 mg/dl and  21.3 * 4.9 mg/ 
dl, respectively; in 16 patients with type IV hyperlipo- 
proteinemia, they were 498 f 48  mg/dl and 27.5 
* 2.2 mg/dl, respectively; and in 13  primary type V, 
the  concentrations were 1646 k 249  mg/dl and 53.6 
? 7.0 mg/dl, respectively. 

Total  plasma TRL apoC-IIZ. Total  TRL apoC-I11 was 
calculated by subtracting  apoC-I11 in the d > 1.006 
g/ml infranate  from  the total plasma apoC-111. A 
highly significant correlation ( r  = 0.88; P < 0.0001) 
was observed between total plasma TG  and  TRL 
apoC-I11 (Fig. 4). The concentrations  (mean * SEM) 
of TRL apoC-I11 in normals (n = 1 I ) ,  primary  types 
I11 (n = 3),  IV  (n = 16),  and type V  hyperlipopro- 
teinemia (n = 13) were 2.8 k 0.7, 12.7 f 4.5, 18.8 
2 2.4, and 45.6 2 6.6  mg/dl, respectively. 

Distribution of plasma  apoC-Ill in TRL and TRL-free 
plasma. Fig. 5 shows the positive correlation be- 
tween total plasma TG  and  the  percent of total plasma 
apoC-111 transported by TRL ( r  = 0.78; P = 0.0001). 
In 11 normals,  and 3  type 111, 16 type IV,  and 13 
type V patients,  this  percentage was 26.4 2 0.6%, 
55.7 k 10.9%,  65.3 f 5.6%,  and 84.7 * 2.4%  re- 
spectively. 

" 50 100 500 l o c o  5oco 

Total Plasma Triglycerides (mg/dl) 

Fig. 3. The relationship between total plasma triglycerides and 
apoC-111 by radioimmunoassay. 

100 1 * /  

oT 
50 l o o  500 lo00 5Ooo 

Total Plasma Tri&cerideS (mol& 

Fig. 4. The relationship between total plasma triglycerides and 
triglyceride-rich lipoprotein (TRL) total apoC-111 by radioimmuno- 
assay. 

ApoC-111 in  HDL2 and HDL3. HDL2 and HDL, were 
isolated in  20 subjects by preparative  ultracentrifuga- 
tion at density intervals between 1.063- l .  125  g/ml, 
and 1.125- 1.210 g/ml, respectively. Both subfractions 
of HDL were washed once by recentrifugation with 
sodium  chloride-potassium  bromide  mixture at d 
1.125 g/ml and d 1.2 10 g/ml, respectively, dialyzed 
against 0.15 M sodium  chloride,  and analyzed for  pro- 
tein. ApoC-I11 was measured by radioimmunoassay. 
Plasma samples from 21 subjects were obtained for 
this study. There were 16 normolipidemic subjects 
and 5  patients with type  IV  hyperlipoproteinemia. 
In two normal subjects, only HDL2 or HDL, was  iso- 
lated. Thus, complete  data for both  HDL2 and HDL, 
were obtained only in 19 individuals. Table 1 sum- 

0 

r - 0.78 
p=o.@Xl1 
n.43 

0' 
50 100 500 lo00 5ooo 

Total plasma Triglycerides (mg/dl) 

Fig. 5. The relationship between total plasma triglycerides and 
the percent of total plasma apoC-I11 in triglyceride-rich lipopro- 
teins (TRL). 
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TABLE 1. ApoC-111 as percent of HDL  protein 

% (mean 2 SEM) 

Normal subjects 

Primary type IV 
(n = 15) 7.32 k 1.23 1.61 ? 0.17  2.77 c 0.35 

HLP (n = 5 )  2.38 & 0.51"  0.60 ? 0.15" 0.98 f 0.26" 

" P  < 0.01 (normal versus patients with primary type IV 
hyperlipoproteinemia (HLP)). 

marizes the results  of apoC-111 in  HDL. ApoC-111 
comprised 7.32 ? 1.23% of normal HDL, protein  and 
was significantly higher ( P  < 0.01) than in HDL, iso- 
lated from subjects with a  type  IV  lipoprotein  pheno- 
type (2.38 k 0.51%). ApoC-I11 comprised 1.61 
5 0.17% of HDL, protein  in  normals versus 0.60 
k 0.15% in type  IV  individuals ( P  < 0.05). The per- 
cent of total HDL, + HDL, protein  as apoC-111  was 
2.77 k 0.35 in normals  and 0.98 2 0.26 in  subjects 
with type IV hyperlipoproteinemia ( P  < 0.01). A sig- 
nificantly inverse  correlation between total plasma TG 
and apoC-111 as  percent of HDL, protein ( r  = -0.52; 
P = 0.019) and HDL, protein ( T  = -0.67; P = 0.0016) 
was found. N o  systematic studies  to assess the ab- 
solute  concentrations  of  HDL  apoC-I11  subspecies by 
IEF were conducted. 

TRL apoC-Ill ,   C-Il l , ,  and C-III ,  Concentrations 
in plasma. The  amount of apoC-III,, C-III l ,  and C- 
111, as  percent  of  the total mass of apoC-111 was cal- 
culated by planimetry of the scanned gels after  the 
T R L  apoC-111 subspecies were separated by IEF of 
tetramethylurea-delipidated TRL.  These ratios were 
then used to calculate the absolute  concentration  of 
apoC-III,,  C-III,,  and C-111, from  the  apoC-I11  con- 
centration  determined by RIA. These  studies were 

tients with three  different  lipoprotein  phenotypes 
characterized by primary  hypertriglyceridemia. TRL 
apoC-IIIo,  C-IIII,  and C-II12 levels were significantly 
( P  < 0.05) higher  in  the  three hypertriglyceridemic 
groups  compared  to controls. TRL  apoC-IIIo levels 
in patients with types  IV and  V were comparable 
(2.4 2 0.3 and 2.2 ? 0.6 mg/dl, respectively) although 
total plasma TG were significantly different (504 "+ 55 
versus 1646 k249 mg/dl, respectively). However, TRL 
apoC-111, in patients with type V hyperlipoproteinemia 
(30.1 k 4.6 mg/dl) was significantly higher ( P  < 0.01) 
than in patients with types IV or I11 hypertriglyc- 
eridemia (9.4 5 1.4 and 7.8 k 2.8 mg/dl, respectively). 
TRL apoC-111,  levels were also significantly higher 
( P  < 0.01) in plasma from  type V patients (13.2 
+- 2.1 mg/dl) than in type  IV and 111 patients (6.3 
f 0.9 and 4.3 5 1.6 mg/dl, respectively). Fig. 6 shows 
the composite  results of the  relationship between 
total plasma TG  and  the absolute plasma concen- 
trations  of TRL apoC-III,,  C-III,,  and C-111,. The 
vertical scale is identical for  the  three subspecies. A 
significant positive correlation was observed between 
total plasma TG  and  TRL  apoC-IIIo ( r  = 0.56; 
P = 0.0004), apoC-111, ( r  = 0.82; P = O.OOOl), and 
apoC-111, ( T  = 0.76; P = 0.0001). The apoC-II1,:TG 
regression line was the steepest.  For  a given TG 
interval, the  change in apoC-111, was greater  than 
that  for  apoC-IIIo. The apoC-III,:TG  regression  slope 
was also significantly steeper  than  that  for apoC-111,: 
I'G. A statistical analysis of the regression lines 
showed that  the  slopes  for apoC-111, and apoC-111, 
versus TG were significantly ( P  < 0.01) steeper  than 
apoC-111, versus TG. 

DISCUSSION 

done in 35 of the 43 subjects studied. Table 2 shows 
the  concentrations of TRL apoC-I11 subspecies in pa- 

A specific, accurate, sensitive and precise  radio- 
immunoassay for  quantitating  total apoC-111 in 

T A B L E  2. Plasma I'KL apoC-Ill  subspecie  concentrations 
in hypertriglyceridemic subjects 

nrgMP 

Normal 

'l'ype I I 1  

'I'ype IV 

l'ype V 

(11 = 5) 198 ? 8 0.3 c 0.05 1.3 f 0.5  0.6 ? 0.2 

(11 = 3) 576 f 113 0.7 f 0.1 7.8 -t 2.8 4.9 f 1.6 

(n  = 14) 504 f 55 2.4 f 0.3 9.4 2 1.4 6 . 3  f 0.9 

( n  = 13) 1646 2 249 2.2 f 0.6 30.1 2 4.6 13.2 -t 2.1 

" Mean f SEM. 

human plasma and its lipoprotein  fractions  has  been 
developed. Analytical isoelectric focusing  has  been 
used to  determine  the individual proportions of the 
desialylated apoC-111  (apoC-111,) and each sialylated 
apoC-111 subspecies (apoC-111, and apoC-111,) in 
1'RL. With the results  obtained by these two tech- 
niques,  absolute  concentrations of TRL apoC-III,, 
C - I I I l ,  and C-111, were obtained.  This  approach can 
also be taken  for  the  absolute  measurement  of C-111 
apoproteins in other  lipoprotein  fractions. The valida- 
tion of  these  methods  and  their utilization as tools 
for the assessment of apoC-I11 in human plasma 
and its subfractions from  normal  and hyperlipidemic 
patients is discussed below. 
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Radioimmunoassay of total apoC-I11 
The RIA is specific for apoC-111 as judged by 

lack of significant cross-reactivity with apoA-I, A-11, B 
(as LDL protein,  d  1.030- 1.050 g/ml),  C-I, C-11, and 
lipoprotein-free plasma. The rabbit anti-apoC-111, 
cross-reacted completely with  apoC-111,. Further- 
more,  no  change in the immunoreactive levels of 
apoC-111 were found  before  and  after in vitro desialy- 
lation of TRL apoC-111, and apoC-111, using the 
desialylating enzyme  neuraminidase. Thus,  the assay 
measures all  apoC-111 subspecies. Serial dilutions of 
plasma and apoC-111-containing lipoproteins (TRL, 
IDL, HDL,, and HDL3) showed displacement  curves 
that were parallel to  the  standard  curve, indicating 
immunologic  identity of apoC-111  in each lipoprotein 
class. The method is sensitive and detects apoC-111 
in the  nanogram  range. The accuracy of the  method 
was examined by different  approaches. 

A ) ,  ApoC-111 was measured in whole plasma and in 
the d < 1.006 g/ml and d > 1.006 g/ml fractions  after 
ultracentrifugation.  This  procedure  separated T R L  
from  HDL. There was close agreement between the 
apoC-111 concentration in whole plasma and  the sum 
of concentrations  observed in each subfraction.  Inas- 
much as ultracentrifugation  separated  TRL  from 
HDL and LDL, the results indicate that any dif- 
ferences in the  nature of binding of apoC-111 to 
these  lipoproteins  did  not  alter the availability of 
immunologic sites for  displacement of tracer. 

B ) ,  When apoC-111, was added to whole plasma, 
the  concentration of immunoreactive apoC-I11 was 
increased by an  amount  that would be expected by 
the apoC-111, addition. Thus, any added apoC-111, 
that  bound to plasma lipoproteins  (e.g., T R L  and 
HDL) or remained  free in solution was detected 
by the apoC-111, antibody. 

C), TRL isolated from plasma by ultracentrifuga- 
tion was delipidated with tetramethylurea. The  TRL 
apoC-111, concentration was measured by RIA. 
Delipidated T R L  apoC-111's were separated by ana- 
lytical IEF  and  quantitated by running a concurrent 
series of  gels on which different  amounts of  apoC-111, 
were applied. The gels were scanned and a  stand- 
ard curve  relating the mass of apoC-111, applied  to 
its densitometric area was plotted. This  standard 
curve was used for estimating the total concentra- 
tion of apoC-111 liberated  from TRL  after  tetra- 
methylurea  delipidation. Determination of TRL apoC- 
111 concentrations by RIA and IEF after delipidation 
gave similar values. These  data  thus  support  the con- 
clusion that all the immunoreactive sites are avail- 
able  to the apoC-111, antibody for displacement of 
the  tracer. 

Kashyap et al. 
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Fig. 6. Triglyceride-rich lipoproteins were isolated from plasma 
by preparative  ultracentrifugation. Ratios of apoC-HI,, C-III,, 
and C-III1 to the total mass of apoC-I11 in TRL were obtained after 
scanning of gels obtained by analytical isoelectric focusing of 
delipidated TRL. ApoC-111  was measured by radioimmunoassay. 
The data obtained by these two methods were used to compute 
absolute plasma levels of each TRL apoC-I11 subspecies. Panels A, 
B and C show the relationship between total plasma triglycerides 
and  TRL apoC-III,, C-III,,  and C-II12 concentrations, respectively. 
Note the differences in slopes of the regression lines. 

D ) ,  Because of reports  that  heating can increase 
the immunoreactive sites of apoA-I (25), we also con- 
ducted  an  experiment to determine  the effect of heat 
on immunoassayable apoC-111. The results show that 
heating plasma at 52°C for 3 hr  had  no effect on 
apoC-111 concentration in this assay. 
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E ) ,  The results of total plasma apoC-I11  concentra- 
tion obtained by our RIA in  normal  and  hyper- 
triglyceridemic subjects are very similar to  the  re- 
sults  obtained by Schonfeld  et  al.  (27)  using  a  radio- 
immunoassay and those by Curry  et al. (28)  using 
the electroimmunoassay, and values obtained in- 
directly from  the composition of VLDL and  HDL 
proteins  (29). Our results also indicate that  lipopro- 
tein apoC-111, antigenic sites are readily accessible 
to  the antibody. Thus,  the apoC-111, antibody used 
in  this  study appears to be similar in this regard 
to  that raised by Mao et  al. (30). 

F ) ,  Adding  further evidence to support  the validity 
of the assay are  the observed  relationships between 
total plasma TG  and i) total plasma apoC-I11  con- 
centration  (Fig. 3 ) ,  ii) TRL apoC-I11  concentration 
(Fig. 4), iii) apoC-111 distribution  in TRL  and  TRL- 
free plasma (Fig. 5),  and iv) the  amount of HDL  pro- 
tein  comprised by apoC-111. These relationships are 
the same as those determined by other types of in 
vitro and in vivo experimental  evidence ( 3 ,  13, 27, 
3 1-35). 

The relationship between plasma triglycerides and 
the distribution of radioimmunoassayable apoC-I11 

Several in vivo and in vitro  studies  indicate  that 
the  important factors  governing  the  distribution of 
certain  apolipoproteins  common to TRL  and  HDL  are 
the mass ratio  and  the particle size of these  lipopro- 
tein classes. For example,  the  larger  the  ratio of TRL 
to  HDL  the  greater is the  proportion of total plasma 
apoC-I1  bound  to TRL (31, 32).  Increased total 
plasma TG concentrations are associated with an in- 
crease  in number  or size (or  both) of TRL particles 
(36). Thus, with progressive  hypertriglyceridemia, 
more apoC-111 would be expected  in TRL relative 
to  HDL. In this study, total plasma TG correlated 
positively  with total TRL apoC-111, and  percent of 
total plasma apoC-111 in TRL (Figs. 4 and  5).  These 
results are consistent with the  above-mentioned 
concept regarding  the plasma distribution  character- 
istics in the  C  apoproteins in general. 

Age and sex did  not  influence apoC-111,  its dis- 
tribution in plasma, or its content in HDL or  TRL. 
It is possible that if much  larger  populations are 
studied,  differences may  be found.  In  the  present 
study, we have extended previous  observations and 
assessed the  relationship between total plasma TG 
and  the  amount of HDL2 and HDL3  protein  com- 
prised by apoC-111. The results  indicate that  normal 
HDLz  protein was richer in  apoC-111. Patients with 
hypertriglyceridemia  (type IV  lipoprotein  phenotype) 
had  subnormal  amounts of apoC-I11  as  a  percent of 
HDL, and HDL3  protein  (Table 1). Additional  data 

analysis revealed that total plasma TG bore an 
inverse  relationship  to  apoC-I11 as percent of HDLz 
and  HDL3  protein.  These observations support  the 
concept that  a progressive  increase in TRL mass is 
associated with a  progressive  depletion of apoC-111 
in HDL. The reason for  the observed higher  con- 
tent of apoC-111 in HDLz than HDLB  protein is not 
apparent in this study. One possibility is that  the 
distribution of apoC-111 in fasting plasma may be 
governed by the mass or size ratios  of  these two HDL 
subclasses such  that the  larger  HDLp  particles may 
have a  greater affinity for apoC-111. Systematic stud- 
ies are necessary to answer this question. 

Analytical isoelectric focusing to determine relative 
ratios of apoC-I11 subspecies 

A detailed  description  of this method  and its 
validation has  been  published previously ( 19). In 
this  communication, we utilized this analytical IEF 
method in combination with the RIA to obtain the 
absolute  concentrations of each TRL apoC-I11  sub- 
species. This  information  cannot be obtained by sole 
use of either  method. The information  obtained by 
this approach is discussed below. 

Total  plasma triglycerides and TRL  apoC-111, 
C-111, and C-111, concentrations 

Using analytical IEF  for  measuring TRL apoC-111 
ratios, an abnormal  preponderance of sialylated apoC- 
111, and  C-IIIz relative to desialylated apoC-111, in 
TRL from  type  V  hypertriglyceridemic  patients was 
found  (19). The new information  obtained in this 
study was the  data  on absolute plasma concentrations 
of each TRL apoC-I11 subspecies. Total plasma TG 
correlated positively  with total plasma TRL apoC- 
I11 (Fig.  4).  However, the regression slopes for in- 
dividual TRL apoC-I11 subspecies were different 
(Fig. 6). For  a given plasma TG interval,  the slopes 
for  the sialylated apoC-I11  subspecies (apoC-111, and 
apoC-111,) were significantly steeper  than  the desialy- 
lated TRL apoC-111,. The slope for  TRL apoC-111, 
versus plasma TG was the steepest  (Panel B, Fig. 6). 
The data also indicated that  the  mean  TRL  apoC- 
111 subspecie  concentrations were significantly dif- 
ferent in  hypertriglyceridemics  than in normal  con- 
trols. The hypertriglyceridemic group was also hetero- 
geneous.  For  example, TRL apoC-111, concentration 
was similar in the  patients with types IV  and V pheno- 
types  (2.4 * 0.3 versus 2.2 f 0.6 mg/dl, respectively). 
Since progressive  hypertriglyceridemia may  be asso- 
ciated with alterations in TRL particle size, it is pos- 
sible that  the affinity of  individual apoC-111’s be- 
tween chylomicrons, remnants,  and VLDL may be 
different. The distribution  behavior  of apoC-111’s 
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may  be  further  influenced by the  nature   and  amount  
of HDL or its  subfractions.  Another  explanation 
may be that  the  synthesis or catabolism of individual 
apoC-111’s may be regulated  differently.  These  factors 
need to be  examined  carefully by a systematic  in- 
vestigation  that  was  beyond  the  scope of the  present 
study. 

,4s alluded  to  earlier, apoC-111, and  possibly other  
C apoproteins,  oppose  apoE-mediated  hepatic  clear- 
ance  of  TRL or their   remnants (8-12). If  these 
elegant  experimental  animals  studies  are  relevant  to 
human  disease,  the  powerful  correlation  between 
total  plasma T G   a n d   T R L  apoC-111  (especially  apoC- 
IIIJ  observed  in  this  study  supports  the  possibility 
t ha t   TRL apoC-111  levels  may be related to the  cause 
rather  than  the  result  of hypertriglyceridemia  in 
m a n . m  
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