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A B S T R A C T Three immunochemically and electropho-
retically distinct lipoproteins, LP-A, LP-B, and LP-X,'
were isolated from the low density lipoprotein fraction
(1.006-1.063 g/ml) in plasma from patients with biliary
obstruction by a separation procedure which combines
ultracentrifugation, heparin precipitation, and ethanol
fractionation. This method, here described, permits
the quantitative determination of individual plasma
lipoprotein families on the basis of their protein moieties,
rather than on the basis of their lipid moieties or density.

The chemical composition of the unique lipoprotein,
LP-X, was similar to that of an abnormal lipoprotein,
OLP, isolated by Russ et al. (29) and by Switzer (30).
In obstructive jaundice plasma, the combined LP-X
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'The hydrated densities and electrophoretic mobilities of
serum lipoproteins provide the basis for the two most com-
monly used classification systems, each density and (or)
electrophoretic class consisting of a heterogeneous, poly-
disperse system of particles. Chemical and immunochemical
studies of lipoproteins isolated on the basis of density or of
electrophoretic mobility have revealed heterogeneity in re-
spect to protein moieties. To formulate a chemical rather
than an operational classification system, it has been pro-
posed (1) that the specific protein moieties (apolipopro-
teins) be utilized as criteria for the differentiation of lipo-
protein families. This classification system defines three
polydisperse lipoprotein families characterized by the pres-
ence of apolipoproteins A, B, and C, in addition to simpler
albumin-fatty acid and albumin-lysolecithin complexes, and
recognizes heterogeneity with respect to particle size while

and LP-B accounted for 98% and the LP-A for only 2%
of the total protein content of the LDL fraction.

This study indicates that the plasma lipoprotein eat-
tern in obstructive jaundice is characterized by (a) a
decreased concentration of HDL, (b) an increased con-
centration of LDL, and (c) the presence in the LDL
fraction of varying amounts of a specific lipoprotein,
LP-X, immunochemically and chemically distinct from
LP-A and LP-B. LP-X, with its characteristically high
content of unesterified cholesterol and phospholipids, is
primarily responsible for the unusual protein and lipid
content of the LDL fraction.

Screening tests in 61 patients with various forms of
jaundice indicated that a characteristic immunoelectro-

providing for protein homogeneity. Its usefulness in defining
the lipoprotein pattern in obstructive jaundice will be readily
recognized.

Abbreviations based on the operational classifications of
lipoproteins. VLDL, very low density lipoproteins, lipo-
proteins of d < 1.006 g/mI (St > 20); LDL, low density
lipoproteins, lipoproteins of d = 1.006-1.063 g/ml (Sf 0-20);
HDL, high density lipoproteins, lipoproteins of d = 1.063-
1210 g/ml; a,-LP, a-lipoproteins, lipoproteins with an elec-
trophoretic mobility of a,-globulins; ,B-LP, ,B-lipoproteins,
lipoproteins with an electrophoretic mobility of f-globulins.

Abbreviations based on the chemical classification of lipo-
proteins. LP-A, lipoproteins characterized by the presence
of apolipoprotein A; LP-B, lipoproteins characterized by the
presence of apolipoprotein B; LP-X, lipoproteins occurring
in obstructive jaundice and characterized by the presence
of apolipoprotein X; Apo-A, apolipoprotein A, protein
moiety of LP-A; Apo-B apolipoprotein B, protein moiety
of LP-B; Apo-X, apolipoprotein X, protein moiety of
LP-X. Each apolipoprotein is recognized by its specific
immunochemical characteristics and by such chemical proper-
ties as amino acid composition and terminal amino acids.
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phoretic precipitin arc between plasma samples and puri-
fied antibodies to LP-X was observed only in patients
with obstructive jaundice. This simple immunochemical
test may represent a valuable new tool in the differ-
ential diagnosis of obstructive and nonobstructive
jaundice.

INTRODUCTION

It has been recognized for a long time that liver dis-
orders are frequently accompanied by marked changes in
plasma lipid concentrations. Flint (2) observed, more
than a century ago, an increased blood cholesterol con-
centration in patients with obstructive jaundice. Subse-
quent studies correlating plasma lipids with various
liver diseases (3-14) demonstrated dramatic changes
in plassma lipids and lipoproteins in patients with intra-
or extrahepatic biliary obstruction.

Plasma lipid changes in subjects with biliary obstruc-
tion are characterized by increased concentrations of
unesterified cholesterol and phospholipid resulting in an
increased free: total cholesterol ratio and a diminished
cholesterol: phospholipid ratio.

Kunkel and Ahrens (15) and Kunkel and Slater (16)
correlated increased plasma lipid and f8-globulin con-
centrations and were first to suggest (8, 17) that the
hyperlipoproteinemia and increased serum phospholipid
concentrations in biliary obstruction were related. Sev-
eral authors have proposed (17-20) that phospholipids
increase the stability of lipoproteins and, therefore,
their capacity for cholesterol binding. Pierce and Gof-
man (21), McGinley, Jones, and Gofman (22), and
Gofman (23) first described the marked increase of the
LDL fraction as a change characteristic of the ultracen-
trifugal lipoprotein pattern in patients with obstructive
jaundice. Several investigators (13, 24-27) demon-
strated that the increased concentration of LDL is ac-
companied by a decreased concentration of HDL. Eder,
Russ, Pritchett, Wilber, and Barr (13) found an in-
creased concentration of serum lipoproteins in Cohn
fractions IV-VI (28). Russ, Raymunt, and Barr (29)
established the presence of an "abnormal" lipoprotein
in Cohn fraction VI. Recently, Switzer (30) described
the presence of an abnormal low density lipoprotein
("obstructive" lipoprotein) which failed to react with
antibodies to LDL. Antibodies produced with this "ob-
structive" lipoprotein, however, did react occasionally
with normal serum. The amino acid composition and the
immunochemical characteristics of this lipoprotein dif-
fered slightly from those of apolipoproteins A and B.
Burstein and Caroli (31), utilizing serum from patients
with obstructive jaundice, found that a lipoprotein ob-

2 For nomenclature and abbreviations used in the text, see
footnote 1.

tained by methods used for precipitating LDL2 showed
no reaction with antibodies to LDL. Although several
investigators (32-34) demonstrated immunochemically
the presence of LP-A in the LDL fraction, no quantita-
tion of LP-A in the LDL fraction has been reported.
Fredrickson, Levy, and Lees (35) suggested that the
increased concentration of LDL in patients with biliary
obstruction is caused by a shift of LP-A from the HDL
into the LDL fraction. However, this suggestion has
not yet been supported by experimental evidence.

This paper is the initial report of our studies on the
isolation and characterization of plasma lipoproteins in
patients with jaundice. It sets forth a method for the
separation of various plasma lipoproteins, including an
abnormal lipoprotein in the LDL fraction, and describes
the distribution, qualitative and quantitative, of lipopro-
tein families within the density range 1.006-1.063 g/ml.
As a result of these studies an immunoelectrophoretic
method for the differential diagnosis of obstructive and
nonobstructive jaundice has been proposed.

METHODS
Blood samples were obtained from patients with hemolytic
jaundice, lupoid hepatitis, infectious hepatitis, cholangiolitic
hepatitis, Laennec's cirrhosis, biliary cirrhosis, and various
types of intra- and extrahepatic biliary obstruction. The
diagnoses were established by the standard laboratory tests,
liver biopsy, surgical procedures, and, in some cases, by
autopsy. Blood was usually drawn 10 hr after a meal, but
never less than 4-5 hr after. It was collected for preparative
isolation of lipoproteins into plastic bags containing 2.2%
sodium citrate (Fenwall Laboratories, Inc., Morton Grove,
Ill.), and the plasma was recovered by low speed centrifuga-
tion. Blood samples used only for the immunological tests
were drawn into standard test tubes, allowed to clot for
2 hr at 37°C, and the serum separated by centrifugation.

Isolation and fractionation of lipoproteins. The isolation
scheme is outlined in Fig. 1. The VLDL lipoproteins were
obtained by layering plasma samples under equal volumes
of d = 1.0055 g/ml buffer solution (1.42 g of anhydrous
disodium phosphate, 7.27 g of NaCl, and 0.1 g of disodium
ethylenediaminetetraacetate (EDTA) in 1 liter of solution
adjusted to pH 7.0 with 1 N HCl) and centrifuging in the
Type Ti 50 rotor of the Spinco model L-2 ultracentrifuge
for 22 hr at 105,000 g and 4°C.

The top fraction (d < 1.006 g/ml) containing the VLDL
was removed by a tube-slicing technique, resuspended in
3 volumes of buffer solution, and centrifuged under identical
conditions. This washing procedure was repeated three times
to eliminate traces of albumin.

The bottom fraction (d> 1.006 g/ml) was further frac-
tionated by heparin precipitation, according to a slight modi-
fication of the procedure of Burstein and Samaille (36, 37).
4 ml of 5% heparin solution and 5 ml of 1 M manganese
chloride solution were added to 100 ml of the fraction
d > 1.006 g/ml and the mixture allowed to stand for 30 min
at room temperature. The precipitated lipoproteins were re-
moved by low speed centrifugation and the filtrate set aside
for ultracentrifugal isolation of HDL. The precipitated
lipoproteins were then dissolved in a mixture of 1 ml of
10% sodium citrate and 0.5 ml of 20% NaCl, diluted with
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0.005 M Tris buffer to a volume of 100 ml, and precipitated
by adding 2.5 ml of 2 M magnesium chloride solution. This
procedure was repeated two times, and the final precipitate
was dissolved as described above. The solution was dialyzed
first for 36 hr against 9% NaCl and then for 24 hr against
5% barium chloride at 40C. The heparin-barium precipitate
was removed by low speed centrifugation, and the super-
natant portion was dialyzed for 48 hr against 0.9% NaCl.

For further fractionation with ethanol (13, 28, 29), 5 vol-
umes of cold (-50C) ethanol acetate buffer (19% ethanol,
pH 8.5, ionic strength 0.04) was added in small portions to
1 volume of cold (10C) dialyzed supernatant portion. The
mixture was stirred for 30 min at -50C and centrifuged at
low speed. The precipitate corresponding to Cohn fractions
I-III was dissolved in 2 M NaCl and dialyzed, first for 48 hr
against 9%o NaCl, and then for additional 48 hr against
0.9%o NaCl. The remaining solution, containing Cohn frac-
tions IV-VI, was concentrated in vacuo to i of its original
volume and dialyzed for 48 hr against 0.9% NaCl. Both
fractions (Cohn I-III and IV-VI) were centrifuged at
solution density of 1.063 g/ml for 44 hr at 105,000 g and
40C. The upper layers of both fractions, removed by tube
slicing, contained lipoproteins within the density range 1.006-
1.063 g/ml. In some instances the fractions IV-VI were
further separated into Cohn fraction IV+V and VI (28).

The filtrate remaining after the first heparin precipitation
was dialyzed as previously described, adjusted to 1.063 g/ml
density, and centrifuged for. 22 hr at 105,000 g. The top layer
was discarded, and the infranatant portion was centrifuged
at a solution density of 1.210 g/ml for 44 hr at 105,000 g.
The top layer contained HDL (1.063-1.210 g/ml).

In certain cases plasma samples were f ractionated into
VLDL, LDL, and HDL by the standard sequential prepara-
tive ultracentrifugation (25, 38).

All fractions were characterized by protein and lipid
analyses and by determination of electrophoretic and immu-
nochemical properties.

Immunological methods. The immunochemical properties
of lipoproteins were studied by double diffusion (39) and
immunoelectrophoresis (40) in 1% agar or 1% agarose gels
employing barbital buffer, pH 8.6, ionic strength 0.05. Plates
were developed and stained as previously described (41, 42).
Rabbit anti-human sera ai-LP, f8-LP, albumin, whole human
serum, and 7S y-globulin (Behringwerke AG, Marburg an
der Lahn, Germany) were used. The antibodies to p-LP
present in the rabbit antiserum gave a single precipitin line,
and the antibodies to ac-LP gave, in most instances, two
precipitin lines with whole serum from normal subjects.

The antibodies to a-LP and 8-LP showed no reaction with
human serum albumin.

Rabbit antisera to LP-X were prepared in this laboratory.
The LP-X fractions (protein concentration 10 mg/ml),
showing no reaction with antibodies to a-LP, #-LP, and (or)
albumin, were mixed with an equal volume of Freund's
adjuvant and administered intraperitoneally in a single
injection. The rabbits were bled by heart puncture after
2 wk, and the antisera examined by immunodiffusion and
immunoelectrophoresis formed precipitin lines with LP-X
and albumin. Some antisera, drawn 3 months after immuni-
zation, showed a precipitin line with LP-B and an additional
line in the -y-globulin region with whole serum. The anti-
sera were absorbed with equivalent amounts of appropriate
antigens determined by a serial micro dilution method. The
mixture was incubated for 3 hr at 370C, allowed to stand for
12 hr at 40C, and the precipitated antigen-antibody complex
was sedimented by low speed centrifugation for 30 min. The
supernatant fraction contained purified antiserum which
reacted only with LP-X.

Electrophoresis. Paper electrophoresis was performed ac-
cording to the method of Lees and Hatch (43). Electro-
phoresis of lipoprotein fractions was carried out also in 1%
agar and 1 %o agarose gels by the method of Grabar and
Williams (40) employing barbital buffer, pH 8.6, ionic
strength 0.05. The plates were fixed for 45 min in a solution
of acetic acid-ethanol-water (5: 70: 25, v/v), washed for 8
hr in distilled water, and dried at room temperature. They
were stained for protein and lipid with Amidoblack 10B
and Oil Red 0, respectively.

Lipid and protein analyses. Esterified and unesterified
cholesterol was determined according to the method of
Sperry and Webb (44). Values for cholesterol esters were
calculated as cholesteryl linoleate (mol wt 649.1). Tri-
glycerides were determined by the method of Van Handel
and Zilversmit (45) and lipid phosphorus according to the
method of Gerlach and Deuticke (46). The factor 25 was
used to convert lipid phosphorus to phospholipid. Protein
was determined by the method of Lowry, Rosenbrough, Farr,
and Randall (47).

RESULTS
Plasma lipids of patients with jaundice. Results of

the plasma lipid analyses in patients with jaundice of
different etiologies are presented in Table I. The most
marked changes in the lipid concentrations occurred in

TABLE I

The Plasma Lipid Composition in Patients with Jaundice

Total Unesterified cholesterol Total cholesterol Number of
Clinical diagnosis cholesterol Total cholesterol Phospholipid Phospholipid Triglyceride patients

mg/1OOml mg/1OOml mg/1OOml

Hemolytic jaundice 132 0.30 186 0.71 119 1
Infectious hepatitis 118 412 0.52 40.006 237 +71 0.50 40.04 164 ±15 11
Laennec's cirrhosis 105 4±1 0.40 ±0.05 146 ±55 0.72 ±0.08 96 ±10 9
Biliary cirrhosis 247 ±15 0.64 ±0.07 723 ±60 0.34 ±0.05 136 ±4 5
Extrahepatic biliary 315 ±31 0.75 +0.03 839 ±92 0.38 ±0.03 167 ±20 12

obstruction

Normal range* 180-230 0.25-0.35 150-280 0.70-1.10 50-150

* Values for normal range are taken from a study by Furman, Howard, Lakshmi, and Norcia (48).
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Plasma

Layering with
buffer solution,
d = 1.0055 g/ml;
Centrifugation at
105,000 g, 22 hr

Top fraction, d < 1.006 g/ml

VLDL

LP-A
LP-B

B
Bottom fraction

Density adj usted
to 1.21 g/ml
with KBr;
Centrifugation at
105,000 g, 44 hr

Top fraction

HDL

Bottom fraction, d > 1.006 g/ml

Heparin precipitation, method of Burstein and Samaille (36)

Filtrate Precipitate

Density adjusted
to 1.063 g/ml
with NaCl;
Centrifugation at
105,000 g, 22 hr

Top fraction Fractions I-III

Density adjusted
to 1.063 g/ml
with NaCl;
Centrifugation at
105,000 g, 44 hr

Top fraction

LDL

Fractionation with
ethanol according
to the method of
Cohn et al. (28)

Fractions IV-VI

Density adjusted
to 1.063 g/ml
with NaCl;
Centrifugation at
105,000 g, 44 hr

Top fraction

LD

LP-B LP-X

FIGURE 1 Procedure for the isolation of plasma lipoprotein fractions from patients with
obstructive jaundice. See footnote 1 in Abstract for explanation of abbreviations in this and
all subsequent figures.

the plasma of patients with obstructive jaundice. As ex-
pected, the increased cholesterol concentration was con-
fined to unesterified cholesterol, resulting in an increased
ratio of unesterified: total cholesterol. Since the eleva-
tion -of phospholipid concentration in these patients was
relatively greater than that of cholesterol, the cholesterol:
phospholipid ratio was low. In contrast, the cholesterol
and phospholipid concentrations were low or normal in
patients with nonobstructive jaundice. Triglyceride con-
centrations were normal or only slightly increased in all
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groups of patients. These results are in excellent agree-
ment with those reported in the literature (13, 14, 26).

The qualitative and quantitative changes in the lipo-
protein patterns of patients with obstructive jaundice
were studied utilizing the fractionation procedure (Fig.
1) developed in this laboratory which permits the isola-
tion of immunochemically and electrophoretically homo--
geneous lipoprotein fractions.

Qualitative composition of lipoprotein fractions. The
immunochemical characterization of lipoprotein fractions

LP-A
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FIGuRE 2 Immunodiffusion patterns of lipoprotein fractions. Central wells contain (a) VLDL,
(b) LDL, and (c) HDL. Outer wells contain antibodies to LP-A (A), albumin (B), LP-B
(C), and LP-X (D).

obtained from patients with obstructive jaundice by
standard sequential preparative ultracentrifugation
showed that VLDL consisted of LP-A and LP-B (Fig. 2,
pattern a). The HDL fraction contained only LP-A
(Fig. 2, pattern c). The LDL showed not only the pres-
ence of LP-A and LP-B but also a lipoprotein which
was immunochemically different from LP-A and LP-B
(Fig. 2, pattern b). This lipoprotein was designated
LP-X.

The lipoproteins obtained by heparin precipitation of
a VLDL-free (d > 1.006 g/ml) plasma sample (Fig. I)
contained only the LP-B and LP-X (Fig. 3, pattern b).
The filtrate consisted of LP-A. Thus, in contrast to the
LDL fraction obtained by ultracentrifugation (Fig. 3,
pattern a), the heparin precipitation yielded an LDL
fraction which was free of LP-A.

The two different low( density lipoproteins, LP-B and

A B

C D
a

LP-X, were separated by cold ethanol fractionation
(Fig. 1). The immunodiffusion pattern (Fig. 4, pat-
tern a) shows that the heparin-precipitated LDL frac-
tion used as a starting material for ethanol fractionation
consisted of LP-B and LP-X (two precipitin lines with
antibodies to LP-B and LP-X, one of which is identical
with that of purified LP-B). Cohn fractions I-III
showed the presence of only LP-B (Fig. 4, pattern b),
and Cohn fractions IV-VI, the presence only of LP-X
(Fig. 4, pattern c). It was established by further frac-
tionation that LP-X occurred in Cohn fraction VI. This
purified LP-X fraction was utilized for the immuniza-
tion of rabbits.

Immunochemical and electrophoretic characterization
of LP-X. Plasma from a patient with obstructive jaun-
dice (WSOJ) gave single precipitation lines with anti-
bodies to LP-B, LP-X, and albumin, and two precipitin

A S

C D

FIGURE 3 Immunodiffusion patterns of LDL. Central wells contain (a) LDL isolated by ultra-
centrifugation, and (b) lipoproteins isolated by heparin precipitation. Outer wells contain
antibodies to LP-A (A), albumin (B), LP-B (C), and LP-X (D).
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C D
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FIGURE 4 Immunodiffusion patterns of lipoprotein fractions. Central wells contain (a) lipo-
proteins isolated by heparin precipitation, (b) Cohn fractions I-III obtained from heparin-
precipitated lipoproteins, and (c) Cohn fractions IV-VI obtained from heparin-precipitated
lipoprotein. Outer wells contain antibodies to LP-A (A), albumin (B), LP-B (C), and
LP-B + LP-X (D).

lines with antibodies to LP-A (Fig. 5). The anti-LP-X
serum showed no reaction with LDL, HDL, or albumin.
Fig. 6 shows that LP-X reacted only with antibodies to

LP-X (pattern a), and that anti-LP-X serum reacted
only with LP-X (pattern b). These latter experiments
were performed with various concentrations of antigens
and antibodies. Immunoelectrophoretic patterns showed
that LP-X gave no reaction with antibodies to normal
whole serum, albumin, LP-A, or LP-B. The immuno-
diffusion pattern in Fig. 6 a shows clearly that LP-X is
not identical with y-globulins.

Fig. 7 shows the difference between the electrophoretic
mobility of LP-X in agar and in agarose gel. Under

HDL

ANTIk
LP-X

identical experimental conditions, LP-X moved on agar

gel toward the cathode, and on agarose gel toward the-
anode. Fig. 8 shows the difference between the electro-
phoretic patterns on agar and agarose gels of serum from
a normal subject and from a patient with obstructive
jaundice. The LP-X band was sharply separated from
the LP-B band only by agar gel electrophoresis. The
LP-X moved as a narrow band toward the cathode and
was stained with Oil Red 0. In contrast, on agarose gel,
LP-B and LP-X migrated with the same mobility into
the 8-globulin region. The presence of weakly stained
bands in the a,-globulin region corresponds well with
the low concentration of HDL characterizing patients.

ANTI-
LP-A

ANTI-
ALBUMIN

wsoJ

LDL ANTIh
LP-B

FIGURE 5 Immunodiffusion pattern of whole serum of a patient with extrahepatic obstruction
(WSOJ).
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D E
a

H I

FIGURE 6 Immunodiffusion patterns of LP-X. Central wells contain (a) LP-X, and (b) rab-
bit anti-LP-X serum. Outer wells in pattern a contain antibodies to LP-A (A), albumin (B),
-y-globulin (C), LP-B (D), and LP-X (E). Outer wells in pattern b contain LP-A (F),
albumin (G), LP-B (H), and LP-X (I).

with obstructive jaundice. On paper electrophoresis
LP-X migrated toward the anode with a mobility slightly
less than that of LP-B (Fig. 9).

The affinity of all immunoprecipitin lines and electro-
phoretic bands of LP-X for lipid and protein stains indi-
cates clearly its lipoprotein nature. Studies character-
izing the chemical nature of the protein present in LP-X
are in progress.

Distribution anld per cent composition of lipoprotein

fractions in patients uith obstructive jaundice. Table
II shows the per cent distribution of protein and lipid
components in three major lipoprotein fractions obtained
by preparative ultracentrifugation or heparin precipita-
tion. Most of the total cholesterol, phospholipid, and
protein, and a high percentage of the triglyceride are

concentrated in the LDL fraction. That portion of LDL
corresponding to LP-X varied widely in different pa-
tients. It is likely that the concentration of LP-X de-

AGAR

AGAROSE

FIGURE 7 Immunoelectrophoretic patterns of LP-X in 1%o agar and 1% agarose.
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FIGURE 8 Electrophoretic patterns of whole serum in 1% agar and 1% agarose. Normal
serum (A) and serum of a patient with obstructive jaundice (B). Patterns were stained with
Oil Red 0.

pends on the degree and (or) duration of biliary ob-
struction.

The per cent composition of lipoprotein classes is pre-
sented in Table III. The values for the VLDL and HDL
are nearly normal (27, 38, 48, 49) with the possible
exception of an increased phospholipid and a decreased
cholesterol ester content of HDL. The LDL fraction
showed increased unesterified cholesterol: cholesterol
ester and phospholipid: protein ratios. The analysis of
the two low density lipoproteins, LP-B and LP-X, re-
vealed that the protein-lipid composition of the whole
LDL fraction, and thus of whole serum, is attributable
primarily to the presence of LP-X. The composition of
LP-B is nearly normal, with the possible exception of
a slightly decreased amount of cholesterol ester and in-
creased content of unesterified cholesterol (38, 49, 50).
An unusually high content of phospholipid (66.5%) and
a low content of protein (5.8%) represent the unique
characteristics of the chemical composition of LP-X.
The phospholipid: protein ratio of LP-X is almost 12
times that of LP-B. 93% of the cholesterol present in
LP-X was unesterified. It has been demonstrated on the
basis of these studies that the per cent composition of
LP-X differs significantly from that of either LP-A or
LP-B. The composition of LP-A and LP-B as isolated
by these methods from jaundiced plasma differs some-
what from the composition of those obtained from nor-
mal plasma.

The presence of LP-A could be demonstrated only in
the LDL fraction obtained by preparative ultracentri-

fugation. To determine the per cent content of LP-A,
the LDL fractions were isolated by ultracentrifugation,
and the LP-B and LP-X were precipitated by heparin,
in two studies involving two subjects. The immuno-
chemically identified LP-A was then determined quanti-
tatively in the filtrate. The LP-A content was only 2% of
LDL fraction, based on protein determination. Varying
proportions of LP-B and LP-X accounted for the major
part (98%) of the LDL fraction in patients with ob-
structive jaundice.

Presence of LP-X in plasma of patients with various
forms of jaundice. The LP-X could be detected by im-
munochemical techniques in patients with obstructive
jaundice, but not in plasma of normal, fasting subjects
(Fig. 10). A survey of 61 patients with various forms
of jaundice (Table IV) indicated the occurrence of
LP-X in 38 patients in whom obstructive jaundice of
varying degree had been demonstrated by various other
tests. In three patients with Laennec's cirrhosis in whom
LP-X was demonstrated, the presence of an obstructive
component was confirmed later by liver biopsy. In pa-
tients in whom extrahepatic biliary obstruction was cor-
rected by surgery, LP-X could not be detected 10-14
days postoperatively. In those patients in whom LP-X
could not be demonstrated, evidence of an obstructive
component to the jaundice could not be demonstrated by
other tests. It is not known, as yet, what degree or dura-
tion of obstruction is requisite to the production of
LP-X in detectable amounts.
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FIGURE 9 Paper electrophoretic patterns of whole serum (A), LP-X (B), and LP-B (C)
from a patient with obstructive jaundice.

DISCUSSION plasma from patients with obstructive jaundice, has a
Isolation of three immunochemically and electropho- protein and lipid composition similar to that of an ab-
retically distinct lipoproteins, LP-A, LP-B, and LP-X, normal lipoprotein (OLP) isolated from the same den-
from the low density lipoprotein fraction (1.006-1.063 sity fraction by Switzer (30) and a lipoprotein found
g/ml) in patients with biliary obstruction may now be in Cohn fraction VI by Russ et al. (29). Our studies
achieved by this separation procedure which combines demonstrate that the increased concentration of LDL in
ultracentrifugation, heparin precipitation, and ethanol obstructive jaundice is due primarily, if not exclusively,
fractionation. The unique lipoprotein, designated LP-X, to the content of LP-X in Cohn fraction VI.
isolated from the low density lipoprotein fraction of Reports (32-35) that LP-A is present in the LDL

TABLE II
Per Cent Distribution of Serum Lipids and Lipoprotein Protein in Major Lipoprotein Fractions from

Four Patients with Extrahepatic Obstructive Jaundice

Density classes Total cholesterol Phospholipid Triglyceride Protein

VLDL 2-6 2-8 20-40 3-10
< 1.006

LDL* 90-95 81-95 54-78 75-92
1.006-1.063 (30-50)J (50-80)+ (5-15): (20-60)t

HDL 1-7 3-14 3-9 3-15
1.063-1.21

See footnote 1 in Abstract for explanation of abbreviations in this and all subsequent Tables.
* This fraction was obtained by heparin precipitation and, therefore, contains only LP-B and LP-X.

Per cent attributable to LP-X.
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TABLE II I
Per Cent Composition of Lipoprotein Fractions in Patients with Obstructive Jaundice*

Unesterified Phospholipid
Density classes Cholesterol ester cholesterol Phospholipid Triglyceride Protein protein

VLDL 12.8 (16.2) 7.4 (6.0) 15.2 (17.9) 55.5 (51.8) 9.5 (7.1) 1.60 (2.5)
< 1.006

LP-B 27.3 13.9 26.5 5.9 26.4 0.94
LDLT 15.9 (39.4) 19.4 (7.5) 38.8 (23.1) 6.5 (9.3) 19.4 (20.7) 2.0 (1.1)

1.006-1.063
IP-X 2.4 22.4 66.5 2.9 5.8 11.5

HDL 11.0 (18.5) 4.5 (2.3) 38.0 (26.9) 2.3 (4.6) 43.7 (47.7) 0.88 (0.56)
1.063-1.21

* The values in parentheses represent per cent composition Of lipoprotein fractions in normal subjects (38).
t This fraction was obtained by heparin precipitation, and contains, therefore, only LP-B and LP-X; the values represent
mean values of four preparations.

fraction in obstructive jaundice have been confirmed by
utilizing the herein described separation procedures, al-
though we found no immunochemical evidence of LP-A
in the heparin-precipitable portion of LDL. This portion
accounted for 98% of the total LDL protein. The as-
sumption by Fredrickson, et al. (35) that an increased
concentration of LDL is caused by a shift of LP-A of
higher hydrated densities into a region of lower hydrated
densities (1.006-1.063 g/ml), therefore, is not supported,
other than qualitatively, by our experimental evidence.

wsoJ

Our quantitative studies indicate that the lipoprotein
pattern in obstructive jaundice is characterized by (a)
a decreased concentration of HDL, (b) an increased
concentration of LDL, and (c) the presence in the LDL
fraction of varying amounts of a specific lipoprotein,
LP-X, immunochemically and chemically distinct from
LP-A and LP-B. Since the latter lipoproteins are of an
almost normal chemical composition, the third lipopro-
tein, LP-X, with its characteristically high content of
unesterified cholesterol and phospholipids, is primarily

+..

NORMALSERUM

FIGURE 10 Immunoelectrophoretic patterns of whole serum on agar. The upper pattern con-
tains whole serum of a patient with obstructive jaundice (WSOJ) and the lower pattern
whole serum of a normal subj ect. The central trough contains a mixture of antibodies to
albumin, LP-A, LP-B, and LP-X.
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TABLE IV
Immunochemical Detection of LP-X in Patients with Jaundice

Number of
patients
showing

cross-reaction
Number of with anti-

Clinical diagnosis patients LP-X serum

Hemolytic jaundice 1 0
Lupoid hepatitis 1 0
Infectious hepatitis 11 0
Cholangiolitic hepatitis 1 1
Laennec's cirrhosis 13 3
Biliary cirrhosis 10 10
Extrahepatic biliary 24 24

obstruction
E 61

responsible for the unusual protein and lipid composition
of LDL and for the well documented changes in the con-
centration of plasma lipids in obstructive jaundice.

Switzer reported (30) that the abnormal lipoprotein
(OLP), prepared by a procedure utilizing immunopre-
cipitation, contained -y-globulin. The isolation of a puri-
fied LP-X without the use of an immunoprecipitation
technique thus represents an additional advantage of
the new frachtionation procedure.

Screening tests in 61 patients with various forms of
jaundice showed that an immunoprecipitin reaction be-
tween plasma samples and purified antibodies to LP-X
appeared to be limited to those with obstructive jaun-
dice demonstrable by other techniques. Absorbed anti-
LP-X serum did not react with whole plasma from fast-
ing normal subjects or with plasma from patients with
nonobstructive jaundice. In this respect our findings
differ somewhat from those of Switzer (30) who de-
tected, occasionally, precipitin lines between anti-OLP
and normal whole serum. Although it is essential to con-
tinue with an extensive testing program, supplemented
with appropriate clinical observations and liver biopsies,
this simple immunochemical method utilizing purified
anti-LP-X serum may represent a valuable new tool
in the differential diagnosis of obstructive and nonob-
structive jaundice. Though it is not yet possible to cor-
relate the concentration of LP-X with the degree or
duration of biliary obstruction or the extent of the
derangement of the serum lipids, indications are that
such relationships exist.

It is relevant at this point to inquire regarding the
origin and nature of LP-X. Is LP-X a normally occur-
ring lipoprotein? If so, why is it not detectable in normal
serum? Whydoes it accumulate in obstructive jaundice?
Is it synthesized in liver or elsewhere? What is the
nature of its protein moiety? It has been shown (51,
52) that the intestine synthesizes, in addition to LP-A

and LP-B, some as yet unidentified lipoproteins which
may play an important role in the secretion and transport
of exogenous fat. Alaupovic, Furman, Walraven, Falor,
and Newman (53) have found that the presence of apo-
lipoprotein C coincided with the peak triglyceride con-
centration in chyle and was still noted in subsequent
chyle samples over a period of several additional hours.
It could not be detected in chyle or serum samples from
fasting subjects or in postprandial samples when the
meal consisted of medium chain triglycerides or sucrose.
Thus, LP-X may be an intestinal lipoprotein similar to
lipoproteins containing apolipoprotein C, catabolized
rapidly in the liver and, therefore, largely undetectable
in normal, fasting plasma but accumulating in the plasma
when, as a result of liver derangement, the rate of degra-
dation is decreased. Although very little is known about
lipoprotein catabolism in general, and the effect of bile
salts on this process in particular, it has been reported
(54, 55) that bile acids inhibit lipoprotein lipase, one of
the enzymes participating in the degradation of lipo-
proteins. Wewould like to suggest, therefore, as a work-
ing hypothesis, that LP-X originates in the intestinal
mucosa where it participates in the process of fat absorp-
tion and transport. In obstructive jaundice, the in-
creased concentrations of bile acids inhibit certain cata-
bolic reactions of LP-X which, in its partially delipidized
form, or as a newly formed lipoprotein entity, accumu-
lates in the plasma LDL fraction. Whether the protein
moiety of LP-X is similar to or identical with apolipo-
protein C remains to be answered.

ACKNOWLEDGMENTS
Wewish to thank Doctors J. D. Welsh and R. E. Ringrose
for providing us with serum samples from patients under
their care on the medical services of the University of Okla-
homa Medical Center, Oklahoma City. We thank Mrs. S. L.
Walraven and Mr. M. Bates for their technical assistance
and Mrs. M. Farmer for her help in the preparation of the
manuscript.

These studies were supported in part by Grants HE-6221,
HE-7005, and HE-2528 from the U. S. Public Health
Service, and by the Oklahoma Heart Association and the
American Heart Association. D. Seidel was supported by
U. S. Public Health Service General Research Support
Grant FRO5538.

REFERENCES
1. Alaupovic, P. 1968. Recent advances in metabolism of

plasma lipoproteins: Chemical aspects. Biochem. Phar-
macol. 4: 91.

2. Flint, A., Jr. 1862. Experimental researches into a new
excretory function of the liver, consisting in the removal
of cholesterine from the blood, and its discharge from
the body in the form of stercorine. Am. J. Med. Sci. 44:
305.

3. Feigl, J. 1918. Neue Untersuchungen fiber akute gelbe
Leberatrophie. III. Fette und Lipoide des Blutes. Chem-
ische Beitrage zur Kenntnis der Entwicklung und Char-
akteristik spezifischer Lipiimien. Biochem. Z. 86: 1.

Lipoproteins in Obstructive Jaundice 1221



4. Rothschild, M. A., and J. Felsen. 1919. The cholesterol
content of the blood in various hepatic conditions. Arch.
Intern. Med. 24: 520.

5. Thannhauser, S. J., and H. Schaber. 1926. Uber die
Beziehungen des Gleichgewichtes Cholesterin und Cho-
lesterinester im Blut und Serum zur Leberfunktion.
Klin. Wochenschr. 5: 252.

6. Epstein, E. Z. 1932. Cholesterol of the blood plasma in
hepatic and biliary diseases. Arch. Intern. Med. 50: 203.

7. Man, E. B., B. L. Kartin, S. H. Durlacher, and J. P.
Peters. 1945. The lipids of serum and liver in patients
with hepatic diseases. J. Clin. Invest. 24: 623.

8. Ahrens, E. H., Jr., and H. G. Kunkel. 1949. The relation-
ship between serum lipids and skin xanthomata in 18
patients with primary biliary cirrhosis. J. Clin. Invest.
28: 1565.

9. Barr, D. P., E. M. Russ, and H. A. Eder. 1951.
Protein-lipid relationships in human plasma. II. In
atherosclerosis and related conditions. Amer. J. Med. 11:
480.

10. Eder, H. A., and E. M. Russ. 1953. Plasma protein-lipid
relationships in acute hepatitis. J. Clin. Invest. 32: 564.

11. Petersen, V. P. 1953. The individual plasma phospho-
lipids in acute hepatitis. Acta Med. Scand. 144: 333.

12. Zieve, L. 1953. Studies of liver function tests. III.
Dependence of percentage cholesterol esters upon the
degree of jaundice. J. Lab. Clin. Med. 42: 134.

13. Eder, H. A., E. M. Russ, R. A. R. Pritchett, M. M.
Wilber, and D. P. Barr. 1955. Protein-lipid relationships
in human plasma: In biliary cirrhosis, obstructive jaun-
dice, and acute hepatitis. J. Clin. Invest. 34: 1147.

14. Phillips, G. B. 1960. The lipid composition of serum in
patients with liver disease. J. Clin. Invest. 39: 1639.

15. Kunkel, H. G., and E. H. Ahrens, Jr. 1949. The rela-
tionship between serum lipids and the electrophoretic
pattern, with particular reference to patients with primary
biliary cirrhosis. J. Clin. Invest. 28: 1575.

16. Kunkel, H. G., and R. J. Slater. 1952. Lipoprotein pat-
terns of serum obtained by zone electrophoresis. J. Clin.
Invest. 31: 677.

17. Ahrens, E. H., Jr., and H. G. Kunkel. 1949. The stabili-
zation of serum lipid emulsions by serum phospholipids.
J. Exp. Med. 90: 409.

18. Balfour, W. M. 1947. Human plasma phospholipid for-
mation: a study made with the aid of radiophosphorus.
Gastroenterology. 9: 686.

19. Friedman, M., S. 0. Byers, and R. H. Rosenman. 1965.
Lipogenic hypercholesterolemia. A guide for reorientation
in the consideration of lipid-cholesterol relationships.
Arch. Intern. Med. 116: 807.

20. Jackson, R. S., C. F. Wilkinson, Jr., E. A. Hand, A. M.
Waldron, and W. C. Vogel. 1952. The relationship be-
tween the phospholipids and the cholesterols in human
plasma and lymph. Proceedings of the Rudolf Virchow
Medical Society, New York. 11: 99.

21. Pierce, F. T., and J. W. Goftman. 1951. Lipoproteins,
liver disease, and atherosclerosis. Circulation. 4: 25.

22. McGinley, J., H. Jones, and J. Gofman. 1952. Lipopro-
teins and xanthomatous diseases. J. Invest. Dermatol.
19: 71.

23. Gofman, J. 1954. The serum lipoprotein transport system
in health, metabolic disorders, atherosclerosis, and coro-
nary artery diseases. Plasma. 2: 484.

24. Furman, R. H., L. L. Conrad, and R. P. Howard. 1954.
A serum lipoprotein pattern characteristic of biliary

obstruction, with some comments on "jaundice due to
methyltestosterone." Circulation. 10: 586.

25. Havel, R. J., H. A. Eder, and J. H. Bragdon. 1955.
The distribution and chemical composition of ultra-
centrifugally separated lipoproteins in human serum.
J. Clin. Invest. 34: 1345.

26. Furman, R. H., and L. L. Conrad. 1957. Ultracentrifugal
characterization of the lipoprotein spectrum in obstruc-
tive jaundice: Studies of serum lipid relationships in
intra- and extrahepatic biliary obstruction. J. Clin. Invest.
36: 713.

27. Lindgren, F. T., and A. V. Nichols. 1960. Structure and
function of human serum lipoproteins. In The Plasma
Proteins. F. Putnam, editor. Academic Press Inc., New
York. 2: 1.

28. Cohn, E. J., F. R. N. Gurd, D. M. Surgenor, B. A.
Barnes, R. K. Brown, G. Derouaux, J. M. Gillespie,
F. W. Kahnt, W. F. Lever, C. H. Liu, D. Mittelman,
R. F. Mouton, K. Schmid, and E. Uroma. 1950. A sys-
tem for the separation of the components of human
blood: Quantitative procedures for the separation of the
protein components of human plasma. J. Amer. Chem.
Soc. 72: 465.

29. Russ, E. M., J. Raymunt, and D. P. Barr. 1956. Lipo-
proteins in primary biliary cirrhosis. J. Clin. Invest. 35:
133.

30. Switzer, S. 1967. Plasma lipoproteins in liver disease.
I. Immunologically distinct low-density lipoproteins in
patients with biliary obstruction. J. Clin. Invest. 46: 1855.

31. Burstein, M., and J. Caroli. 1967. Lipoproteines seriques
anormales au cours de certains icteres par retention.
Rev. Fr. Etud. Clin. Biol. 12: 898.

32. DeLalla, L., L. Levine, and R. K. Brown. 1957. Immuno-
logic studies of human high density lipoproteins. J. Exp.
Med. 106: 261.

33. Lemaire, A., G. and J. Etienne, J. Polonovski, E. Hous-
set, and J. Cottet. 1965. Un nouveau test biologique de la
cholostase. Presse Med. 78: 3245.

34. Smith, S. C., R. L. Scheig, G. Klatskin, and R. I. Levy.
1967. Lipoprotein abnormalities in liver disease. Clin.
Res. 15: 330.

35. Fredrickson, D. S., R. I. Levy, and R. S. Lees. 1967. Fat
transport in lipoproteins-An integrated approach to
mechanisms and disorders. N. Engl. J. Med. 276: 273.

36. Burstein, M., and J. Samaille. 1960. Sur un dosage rapide
du cholesterol lie aux a- et aux B-lipoproteines du serum.
Clin. Chim. Acta. 5: 609.

37. Burstein, M. 1962. Precipitation selective des lipopro-
teines seriques defaible densite par l'heparine en presence
du chlorure de magnesium et de saccharose. C. R. Mens.
Seances Acad. Sci. Outre-Mer. 255: 605.

38. Bragdon, J. H., R. J. Havel, and E. Boyle. 1956. Human
serum lipoproteins. I. Chemical composition of four frac-
tions. J. Lab. Clin. Med. 48: 36.

39. Ouchterlony, 0. 1953. Antigen-antibody reactions in gels.
VI. Types of reactions in coordinated systems of diffu-
sion. Acta Pathol. Microbiol. Scand. 32: 231.

40. Grabar, P., and C. A. Williams, Jr. 1955. Methode
immunoelectrophoretique d'analyse melanges de sub-
stances antigeniques. Biochim. Biophys. Acta. 17: 67.

41. Gustaf son, A., P. Alaupovic, and R. H. Furman. 1965.
Studies of the composition and structure of serum
lipoproteins: Isolation, purification, and characterization
of very low density lipoproteins of human serum. Bio-
chemistry. 4: 596.

1222 D. Seidel, P. Alaupovic, and R. H. Furman



42. Alaupovic, P., S. S. Sanbar, R. H. Furman, M. L.
Sullivan, and S. L. Walraven. 1966. Studies of the com-
position and structure of serum lipoproteins. Isolation
and characterization of very high-density lipoproteins of
human serum. Biochemistry. 5: 4044.

43. Lees, R. S., and F. T. Hatch. 1963. Sharper separation of
lipoprotein species by paper electrophoresis in albumin-
containing buffer. J. Lab. Clin. Med. 61: 518.

44. Sperry, W. M., and M. Webb. 1950. A revision of the
Schoenheimer-Sperry method for cholesterol determina-
tion. J. Biol. Chem. 187: 97.

45. Van Handel, E., and D. B. Zilversmit. 1957. Micro-
method for the direct determination of serum tri-
glycerides. J. Lab. Clin. Med. 50: 152.

46. Gerlach, E., and B. Deuticke. 1963. Eine einf ache
Methode zur Mikrobestimmung von Phosphat in der
Papierchromatographie. Biochem. Z. 337: 477.

47. Lowry, 0. H., N. J. Rosebrough, A. L. Farr, and R. J.
Randall. 1951. Protein measurement with the Folin
phenol reagent. J. Biol. Chem. 193: 265.

48. Furman, R. H., R. P. Howard, K. Lakshmi, and L. N.
Norcia. 1961. The serum lipids and lipoproteins in nor-
mal and hyperlipidemic subjects as determined by prepa-
rative ultracentrifugation. Amer. J. Clin. Nutr. 9: 73.

49. Heide, K., R. Schmidtberger, and G. Schwick. 1957.
Darstellung und Eigenschaften der Serum-lipoproteide.
Behringwerk-Mitt. 33: 96; 1958. Chem. Abstr. 52: 14729.

50. Furman, R. H., P. Alaupovic, and A. Gustafson. 1966.
Lipoproteins in different forms of hyperlipemia. In
Pathophysiological and Clinical Aspects of Lipid Metabo-
lism. G. Schettler and R. Sanwald, editors. Thieme Ver-
lag KG, Stuttgart. 5.

51. Isselbacher, K. J., and D. M. Budz. Synthesis of lipo-
proteins by rat intestinal mucosa. Nature (London).
200: 364.

52. Hatch, F. T., Y. Aso, L. M. Hagopian, and J. J.
Rubenstein. 1966. Biosynthesis of lipoprotein by rat
intestinal mucosa. J. Biol. Chem. 241: 1655.

53. Alaupovic, P., R. H. Furman, S. L. Walraven, W. H.
Falor, and H. A. I. Newman. 1967. Apolipoproteins of
human chyle very low density lipoproteins and the pos-
sible role of apolipoprotein C in dietary fat absorption
and transport. Circulation. 36(Suppl. II): 2.

54. Robinson, D. S., and J. E. French. 1957. The heparin
clearing reaction and fat transport. Quart. J. Exp.
Physiol. 42: 151.

55. Olson, A. C. 1967. The lipolytic activities of rat liver.
Doctoral dissertation, University of Oklahoma.

Lipoproteins in Obstructive Jaundice 1223


