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Virtually all lipids of human plasma circulate in 
association with specific proteins to yield lipid-pro- 
tein complexes or lipoproteins. The lipoproteins are 
conventionally classified into four main groups 
based on ultracentrifugal flotation or electrophoretic 
mobility: chylomicrons, very low density lipoprotein 
(VLDL) or pre+lipoprotein, low density lipoprotein 
(LDL) or @lipoprotein, and high density lipoprotein 
(HDL) or ol -lipoprotein. According to the chemical 
classification system [l] , plasma lipoproteins con- 
sist of a mixture of polydisperse lipoprotein families 
each of which is characterized by the presence of a 
single, distinct apolipoprotein or its constitutive poly 
peptides: lipoprotein family LP-A is characterized by 
apolipoprotein A, lipoprotein family LP-B by ape- 
lipoprotein B and lipoprotein family LP-C by ape 
lipoprotein C. 

In sera of normal subjects and most patients with 
hyperlipoproteinemia of different types, 60-80% of 
the cholesterol is esterified. However, the levels of 
esterified cholesterol have been reported to be very 
low in obstructive jaundice [2 ] and in familial leci- 
thin:cholesterol acyltransferase (LCAT) deficiency 
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The plasma lipids of patients with biliary obstruc- 
tion are characterized by an elevation of unesterified 
cholesterol and of phospholipids. The concentration 
of HDL is very low. In the LDL fraction as prepared 
in the ultracentrifuge an abnormal lipoprotein has 
been found [4] . This lipoprotein, designated LP-X, 
does not react with antibodies to normal LDL. Its 
protein moiety consists of 40% albumin and 60% 
apolipoprotein C. The apolipoprotein C contains its 
three characteristic polypeptides, C-I, C-II and C-III 
[5] which are normally present in VLDL and HDL. 
The antigenic sites of albumin are masked, but may 
be revealed by partial or total delipidation [6]. The 
average flotation rate (Sf) of LP-X is 15.9 svedbergs 
in NaCl solution of density 1.063 g/ml [7] . In elec- 
tron micrographs LP-X appears as disc-shaped particles 

with a major axis of 400-600 A [8]. According to 

the chemical classification systems the LP-X is classi- 
fied as a subfamily of LP-C [ 11. 

The activity of the plasma enzyme lecithin:choles- 
terol acyltransferase (LCAT) accounts for the intra- 
vascular esterification of cholesterol in human plasma 
[9]. Familial LCAT deficiency is characterized by 
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Fig. 
LCA 

1. Electron micrography of the low density (d 1.019-1.063 g/ml) lipoprotein fraction from plasma of a patient 
,T deficiency, showing two populations of particles. The smaller particles correspond to normal LDL, the larger t 

normal lipoprotein (X 320,000, negative staining). 

with familial 
:o the ab- 

proteinuria, anemia, cornea1 opacities, and several 
plasma lipid and lipoprotein abnormalities [3]. We 
report here the presence in plasma from patients 
with familial LCAT deficiency of an abnormal lipo- 
protein identical to LP-X. 

Lipoproteins of different density classes were 
prepared by ultracentrifugation of serum from three 
patients with familial LCAT deficiency. Electron 
microscopy of the LDL fraction (density 1.019- 
1.063 g/ml) revealed the presence of two populations 
of particles, with a particle diameter of 200-2.50 A, 
and 400-900 A, respectively (fig. 1). The LDL frac- 
tion was further separated by gel filtration on agarose 
gel columns [IO] into three fractions. After re-chro- 
matography fraction I contained large particles, 
600-l 100 A, many of which appeared to be break- 
ing up into smaller particles 100-400 A in diameter. 
The material in fraction I was interpreted as a com- 
bination of aggregated and degraded particles. Frac- 
tion II contained particles corresponding to the larger 
particles found in the LDL fraction prior to the gel 
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filtration, whereas the particles of fraction II corre- 
sponded to normal LDL. 

The abnormal lipoprotein present in fraction II ex- 
hibited a composition similar to that of LP-X (given 
in parenthesis [4] ) : 5.0% (5.8%) protein, 60.7% 
(66.5%) phospholipid, 3.1% (2.9%) triglyceride, 
28.3% (22.4%) unesterified and 2.9% (2.4%) esteri- 
fled cholesterol. The phospholipid-protein ratio was 
12.1 (11.5). 

The abnormal lipoprotein did not react with anti- 
serum to normal LDL in agar gel double diffusion ex- 
periments, but with antibodies to apolipoprotein C. 
After partial delipidation with n-heptane [6] , it also 
reacted with antiserum to albumin. The polypeptides 
of apolipoprotein C were present in the supernatant 
fluid after ultracentrifugation of the partially deli- 
pidated abnormal lipoprotein at the density 1.2 1 
g/ml. They constituted 65% of the protein moiety, 
whereas the remaining 35% was found as albumin in 
the infranatant fluid. Neither before nor after partial 
or total delipidation did the abnormal lipoprotein ex- 
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Fig. 2. Agar immunoelectrophoretic test showing cathodal 
migration of the abnormal lipoprotein of patients with LCAT 
deficiency, and identity reaction between this lipoprotein 
and LP-X from a patient with obstructive jaundice. Troughs 
and well A: antiserum to apolipoprotein C. Well 1: plasma 
from a patient with LCAT deficiency. Well 2: plasma from 

The demonstration of LP-X in plasma of patients 
with liver diseases is a sensitive indicator of biliary ob- 
struction [ 121. It has been suggested that the accumu- 
lation of LP-X may be the result of an impaired lipo- 
protein catabolism caused by the inhibitory action of 
increased concentrations of bile salts [6]. However, 
the finding of a lipoprotein belonging to the LP-X 
family in plasma of patients with familial LCAT de- 
ficiency suggests that also other factors might be in- 
volved in the formation of this abnormal lipoprotein. 
These patients have no symptoms or signs of biliary 
obstruction as judged by the routine liver function 
tests [3] . Since increased amounts of unesteritied 
cholesterol are common to both disorders, the forma- 
tion of LP-X may represent a mechanism for its re- 
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a patient with obstructive jaundice. 

hibit precipitin bands with antisera to LDL or to 15 
other serum proteins tested. However, a weak pre- 
cipitin band developed against anti-o, -lipoprotein 
serum, but not against antisera to the principal poly- 
peptides of HDL, A-I and A-II. 

Further studies on the lipoprotein abnormalities 
in patients with obstructive jaundice and with fami- 
lial LCAT deficiency may clarify important problems 
related to the origin and metabolism of LP-X and its 
relationship to the normal lipoprotein metabolism. 

Acknowledgements 

The presence of C-I, C-II and C-III was verified We thank cand. real. M.H. Solaas for performing 

immunologically and by analytical polyacrylamide the electron microscopy. The study has been sup- 

disc gel electrophoresis in basic and acidic buffer ported by grants from the Norwegian Research Coun- 
systems after isolation of the abnormal lipoprotein cil for Science and the Humanities, and by grant 

by immunoprecipitation of normal LDL with goat HE-6221 from the U.S. Public Health Service and the 

lipoprotein-free anti-LDL serum and its total deli- resources of the Oklahoma Medical Research Founda- 

pidation. tion. 
By agar immunoelectrophoresis of serum from 

patients with LCAT deficiency, the abnormal lipo- 
protein exhibited a cathodal migration similar to 
LP-X from patients with obstructive jaundice, and 
reactions of identity were obtained between these 
two abnormal lipoproteins (fig. 2). The identity re- 
actions were verified in agar gel double diffusion 
tests. The abnormal lipoprotein from patients with 
LCAT deficiency was found only in the LDL frac- 
tion. The observations permit the conclusion that 
this abnormal lipoprotein is closely related to LP-X. 
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