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Abstract. Sera from patients with extrahepatic biliary obstruction were
found to have an abnormal lipoprotein (obstructive lipoprotein) which failed
to react with antibodies to normal lipoproteins of d < 1.063. Preparations of
this abnormal lipoprotein made by a combination of immunoprecipitation and
multiple polyanion precipitations revealed a high content of free cholesterol
(26%) and phospholipids (61%) but only trace amounts of cholesterol esters
and triglycerides. Protein content varied from 13% to a corrected low of
5% when ultracentrifugation was also performed. Amino acid analyses of
the latter preparations resembled that of lipoproteins of d < 1.006.

The reasons underlying the apparent unreactivity of the abnormal lipopro-
tein were explored. No evidence could be found for soluble antigen-antibody
complexes of y-globulin and the abnormal lipoprotein, nor for inhibition of
antigen-antibody complex formation by serum factors. Purified preparations
of obstructive lipoprotein did not react with antisera to high- or low-density
lipoproteins prepared from normal sera. Moreover, rabbits immunized with
the abnormal lipoproteins produced specific antibodies to this lipoprotein
which reacted with a d < 1.006 lipoprotein in normal sera. All other lipopro-
tein fractions from normal sera were unreactive. It is not known whether
this lipoprotein is abnormal by virtue of the presence of a unique peptide or
because of secondary alterations in lipoprotein structure.

Introduction

The marked elevation of serum cholesterol that
follows obstruction of the biliary system (1) is due
to an increase of lipoproteins of d 1.019-1.063 (2,
3). Previous studies have suggested that these
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lipoproteins are not merely increased in amount
but are possibly abnormal (2). In 1956, Russ
and coworkers (4) isolated a low-density lipo-
protein, which was unique in that all of the cho-
lesterol was in the nonesterified form, from the
serum of a patient with biliary cirrhosis. In addi-
tion, it was noted, but without details, that this
lipoprotein did not react with specific antisera di-
rected against normal d < 1.063 lipoproteins.

The current study was undertaken in order to
more clearly define this abnormal lipoprotein. The
data presented here demonstrate that in the pres-
ence of biliary obstruction, sera may contain con-
siderable amounts of d < 1.063 lipoproteins which
are unreactive to antisera known to react with all
normal lipoproteins. This property provides the
basis for methods that have been developed to mea-
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sure and isolate the abnormal lipoproteins. A pre-
liminary characterization of this lipoprotein iso-
lated by immunologic means is included. For
brevity's sake, we will refer to this lipoprotein as
the "obstruction-lipoprotein" (OLP).

Methods

Lipoproteins. Preparative ultracentrifugation was per-
formed by the method of Havel, Eder, and Bragdon (5)
in which solvent density was raised by the addition of solu-
tions of potassium bromide and sodium chloride. Solu-
tions of d 1.21 were ultracentrifuged at 114,000 g in a
40.3 rotor for 40 hr; at other densities, ultracentrifuga-
tion was performed for 16-24 hr. Polyanion precipitation
of d < 1.063 lipoproteins was accomplished by the method
of Burstein and Samaille (6) in which 20 parts serum or
d > 1.006 serum proteins were mixed with one part of a
10% solution of mepesulfate 1 (the sodium salt of sul-
fated polygalacturonic acid-methyl ester-methyl glyco-
side) and two parts of 1 M CaC12. The precipitate was
dissolved by dropwise addition of 5%o sodium chloride.
For further purification, this solution was diluted with
9 volumes of distilled water and d < 1.063 lipoproteins
reprecipitated by the addition of 1 volume of 1 M CaCl2.
The latter steps were repeated three times. To remove
the polyanion, the precipitate was dissolved in d 1.063
KBr-NaCl solution and ultracentrifuged. The final
product was dialyzed against isotonic saline to remove
KBr.

Turbidometric estimation of d < 1.063 lipoproteins was
performed, essentially, according to the method of Bur-
stein and Samaille (7) as follows: to 0.2 ml of human se-
rum diluted in a 10 X 75 mmcuvette containing 2.0 ml of
0.025 M CaCl2, 0.05 ml of 5% heparin (USP) was added.
The tubes were mixed and after 4 min the optical density
was read at 700 mn. Values were expressed as the dif-
ference between the optical density readings before and
after heparin multiplied by 1000. For sera containing
more than 500 turbidometric units of these lipoproteins,
aliquots of 0.1 ml, or less, were added. A normal value
for fasted human subjects is considered to be 200-300
turbidity units. To demonstrate the relationship of
lipoprotein concentration to the turbidity generated, a
standard curve was constructed in the following manner.
Increasing aliquots of dialyzed d < 1.063 lipoproteins
from a normal subject were diluted in a solution of 2%o
albumin in isotonic saline and assayed by this method.
A linear relationship was obtained from 0-500 turbidity
units.

Preparation of antisera. Normal serum lipoproteins
were prepared for immunization injections by repeated
precipitation with mepesulfate, subsequent ultracentri-
fugation at d 1.063 to sediment and remove the mepesul-
fate, and finally dialysis against 0.8% NaCl solution con-
taining 0.1%o EDTA. At least 1 mg of protein was used
for each immunization (8). The first injection was pre-
pared by emulsifying the aqueous solution of lipoprotein

1 Hoffmann-La Roche, Inc., Nutley, N. J.

(antigen) with an equal volume of complete Freund's
adjuvant and this was injected in divided doses into the
footpads of rabbits or the axillae of goats. 2 and 4 wk
later a similar preparation was made by emulsifying
freshly frozen, thawed antigen with incomplete Freund's
adjuvant and was injected in divided doses into the four
quadrants of the back. 1-2 wk later, the animals were
bled. Booster injections of lipoprotein without adju-
vant were given as indicated. As determined by im-
munoelectrophoresis and gel diffusion, the goat antiserum
reacted with d 1.006-1.063 lipoproteins and with d <
1.006 lipoproteins, but not with proteins or lipoproteins of
d > 1.063.

Fresh goat antiserum was mixed with 3 volumes of
0.5% Rivanol 2 (ethoxydiamino acridine lactate) in 0.05
Ar Tris buffer, pH 8.2 (9). The precipitate was removed
by centrifugation and the supernatant containing the goat
,y-globulin was mixed with dry sodium chloride, 5 g/100
ml. After 16 hr at 4°C the resulting precipitate of Ri-
vanol was removed by centrifugation. The supernatant
at pH 7.0 was mixed with dry ammonium sulfate, 28
g/100 ml, and centrifuged at 5-10°C until precipitation
was complete. The -y-globulin precipitate was dialyzed
to remove ammonium sulfate; sodium azide, 1 mg/ml,
was added as a preservative. When indicated, solutions
were concentrated to a protein content of at least 20
mg/ml by vacuum dialysis in a collodion finger.

y-Globulin preparations were titrated, to determine
their biological potency, with representative sera from
subjects without liver disease. Solutions of globulin
and sera were mixed in varying proportions and, after
15 min at room temperature, centrifuged at 2000 rpm for
15 min. The d < 1.063 lipoproteins remaining in the su-
pernatant were measured by the turbidometric method
or recovered by polyanion precipitation and analyzed
chemically. The antigen-antibody precipitate was washed
three times with 0.9% saline, dissolved in 1 N NaOH, and
the protein content determined. It was noted that when
insufficient antibody was present the supernatant re-
mained grossly turbid after centrifugation, but beyond
the equivalence point a clear supernatant was obtained.

OLP was prepared from sera of individual patients
with biliary obstruction by initial immunoprecipitation
of reactive low-density lipoproteins with the -y-globulin
solution. The reactive d < 1.063 lipoproteins were pre-
cipitated and a clear supernatant obtained when antibody
was present in excess. The unreactive lipoproteins of
d < 1.063 were recovered from the supernatant by pre-
cipitation with mepesulfate (seen above) and were
washed three times by reprecipitation. The precipi-
tates were dissolved in salt solutions of d 1.063 and ultra-
centrifugation was performed. For the preparation of
OLP antigens, additional ultracentrifugation and wash-
ing at d 1.006 were carried out. Rabbits were immunized
with aliquots of these lipoprotein preparations, as de-
scribed above. The resulting antisera were absorbed
with supernatants from mepesulfate precipitation of 2 ml
of normal serum. This supernatant was first dialyzed
and then lyophilyzed and 2 ml of the antiserum was added

2 K. and K. Laboratories, Jamaica, N. Y.
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to it. This mixture was incubated at 370C for 45 min
and the immunoprecipitate was removed by centrifuga-
tion at 2000 rpm for 60 min at 5-10'C.

Antisera were also obtained from commercial sources.3
Immunodiffusion studies. Immunoelectrophoresis was

performed by the method of Scheidegger (10) in a 1%

gel with 0.04 M barbital buffer, pH 8.2. Agarose 4 was

substituted for agar as suggested by Burstein and Fine
(11). Double diffusion studies were performed in sealed
Petri dishes using the same preparation of gel. After
diffusion in air at room temperature for 1-3 days, slides
and plates were photographed against a black background
with oblique light from below (dark field). Unreacted
proteins were removed by immersion in 0.9% NaCl for
3-7 days. The slides were covered with a piece of filter
paper and dried at 800C, then stained for protein with
Naphthol Blue-black5 or for lipid with Oil Red O.5

Labeling with "I (12). The -y-globulin prepared from
the goat antiserum was iodinated immediately before use.

To a test tube, 13 X 100 mm, were added in order: 0.05
ml of 0.01 M KI; 'I 6 in 0.1 N NaOH; 0.2 ml of 2.5 N

HCl; 0.05 ml of 1 M NaNO2; and 0.2 ml of 2.5 N NaOH.
The contents were mixed, adjusted to pH 8.1, and added
rapidly with constant stirring to a solution of the -y-globu-
lin, containing 20-30 mg/ml protein, which had been
dialyzed previously for 2 hr against 0.17 M sodium borate
buffer at pH 8.1. The mixture was allowed to stand at
room temperature for 20 min. Unbound 'I was then re-

moved by filtration through Sephadex7 G-25 in 0.9%o
NaCl solution. By this method the efficiency of incor-
poration was 20-30% and an average of 1-2 atoms of io-
dine were incorporated per molecule of y-globulin.

Chromatographic techniques. Thin-layer chromatog-
raphy was performed by methods described by Mangold
(13) with modifications as noted in our previous work
(14). Gel filtration of proteins was performed on a

column, 4 X 52 cm, containing Sephadex7 G-200 (15)
equilibrated with buffered saline containing 0.075 M

NaCl and 0.075 M Tris buffer, pH 7.65.
Amino acid analysis. For amino acid analysis, we pre-

pared lipoprotein fractions using the conditions of ultra-
centrifugation as previously described. Lipoproteins
d < 1.006 were prepared by ultracentrifugation of serum

which had been layered under an equal volume of 0.9%7o
NaCl. After ultracentrifugation the lipoproteins in the
topmost centimeter of the tube were removed and again
subjected to ultracentrifugation. The remaining low-
density lipoproteins (d > 1.006) were recovered from the
d> 1.006 fraction by polyanion precipitation, reprecipi-
tated three times, dissolved in d 1.063 KBr and NaCl

3 Goat anti-whole human serum, goat anti-human
,1LP, and rabbit anti-goat -y-globulin were obtained from
Hyland Laboratories, Los Angeles, Calif.; rabbit anti-
human jSLP and rabbit anti-human aiLP, from Behring-
werke AG, Lloyd Brothers, Inc., Cincinnati, Ohio.

4Bausch and Lomb Incorporated, Rochester, N. Y.
5Allied Chemical Corp., New York, N. Y.
6New England Nuclear Corporation, Boston, Mass.
7 Pharmacia Fine Chemicals Inc., New Market, N. J.

solution, collected by ultracentrifugal flotation and dia-
lyzed against 0.9% NaCl. The serum proteins remain-
ing in the supernatant after polyanion precipitation were
adjusted to d 1.063 with KBr and NaCl solutions and
ultracentrifuged to remove (by flotation) any traces of
d < 1.063 lipoproteins. The d> 1.063 fraction was ad-
justed to d 1.21 with solid KBr and subjected to ultra-
centrifugation. The d 1.063-1.21 lipoproteins in the
topmost centimeter of the tube were removed, again sub-
jected to ultracentrifugation, and then dialyzed. To pre-
pare the OLP, sera were treated as noted above, with
the addition of a step after removal of the d < 1.006 lipo-
proteins. The d > 1.006 lipoproteins were reacted with the
goat y-globulin prepared from antiserum to normal d <
1.063 lipoproteins, in order to precipitate reactive lipo-
proteins of d < 1.063.

Lipoproteins in 0.9% NaCl were extracted with 20 vol-
umes of isopropanol at room temperature for at least 20
hr. After centrifugation and removal of the isopropanol,
the precipitate was washed three times with ethyl ether,
briefly air-dried, and then hydrolyzed in 6 M HCl in a
sealed glass ampule at 105'C for 22 hr. Excess HCl
was then removed by evaporation under vacuum. Amino
acids were determined by chromatography on IR 120 by
the method of Spackman et al. (16).

Analytical Methods

Lipids were extracted by the method of Folch et al.
(17). Lipid phosphorus was determined according to
the method of Beveridge and Johnson (18), triglycerides
by the method of Van Handel (19), conjugated bile acids
by the method of Carey (20), and protein by the method
of Lowry et al. (21). Early in the study total cholesterol
was determined by the method of Abell et al. (22) and
free cholesterol by the method of Sperry and Webb
(23); later these determinations were performed using
the ferric chloride method as described by Leffler (24).

Patients

Patients with surgically proven, complete biliary ob-
struction on the medical, pediatric, and surgical services
of the Bronx Municipal Hospital Center and the Hospital
of the Albert Einstein College of Medicine were studied.
Diagnoses included extrahepatic obstruction due to car-
cinoma, cholethiasis of the common bile duct, ligation of
the common bile duct, congenital biliary atresia, and oc-
clusion of an indwelling T-tube in a patient with sclero-
sing cholangitis. Sera for control studies were obtained
from normal, healthy volunteers and patients GRI and
AM with familial hypercholesterolemia who were other-
wise in good health.

Results

Detection of immunologically unreactive lipopro-
teins of d < 1.063

Quantitative immunoprecipitation studies were
performed using the y-globulin prepared from anti-
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FIG. 1. QUANTITATIVE IMMUNOPRECIPITATION OF D <
1.063 LIPOPROTEINS FROM THE SERUM OF PATIENT GRI
WITH FAMILIAL HYPERCHOLESTEROLEMIA. The patient's
serum was treated with increments of y-globulin solu-
tion prepared from antiserum to normal d < 1.063 lipo-
proteins. The amount of protein in the immunoprecipitate
(ppt) (0- --0) and the lipoprotein remaining in the su-

pernatant (sup) (0-0) are plotted against the ratio of
the volume of y-globulin solution to serum. LDL, low-
density lipoproteins.

serum to d < 1.063 lipoproteins prepared from
fasting normal subjects. Titration of sera from
subjects free of liver disease demonstrated only
negligible amounts of d < 1.063 lipoproteins un-

reactive to the y-globulin (Fig. 1). The slope of
the titration curves for normal sera varied ac-

cording to the biologic potency of the particular
lot of y-globulin used in the assay. At the end
point of the titration very little additional lipopro-
tein was precipitated. There was an abrupt clear-
ing of the supernatant. Similar titrations were

performed on sera from patients with biliary ob-
struction; these sera were found to contain large
amounts of nonprecipitable lipoproteins of d <
1.063. Indeed, in the example shown in Fig. 2,
approximately 65%o of the d < 1.063 lipoprotein
from patient RM's serum remained in solution.
(It will be seen later, in Table I, that this repre-

sented 75% of the cholesterol and 817% of the
phospholipid in the serum d < 1.063 fractions.)

The completeness of the immunoprecipitation
was demonstrated by immunoelectrophoresis of
sera before and after immunoprecipitation (Fig. 3,
left), using a commercial antiserum to d < 1.063
lipoproteins in the trough. Similarly, double dif-
fusion studies with a large number of samples of
serum subjected to immunoprecipitation showed
that there had been removal of reactive d < 1.063

lipoproteins in every instance. To demonstrate the
normal reactivity of other serum proteins under
these conditions, serum before and after immuno-
precipitation was subjected to electrophoresis with
antiserum to whole serum present in the trough
(Fig. 3, right).

Composition of the unreactive lipoproteins of
d < 1.063

To compare the lipid composition of the reac-

tive and unreactive d < 1.063 lipoproteins, an ex-

periment was performed in which sera were sub-
jected to immunoprecipitation with the y-globulin
prepared against normal d < 1.063 lipoproteins.
The unreactive d < 1.063 fraction was isolated,
washed, and analyzed for lipids; the antigen-anti-
body complex was similarly treated (Table I).
In each of these sera the major portion of the
serum cholesterol was in the unreactive fraction.
However, the level of cholesterol in the reactive
fraction is comparable with the amounts that
would be precipitated from normal serum. The
unreactive fraction contained 96-100%o free cho-
lesterol, as compared with a mean of 47% free
cholesterol in the reactive fraction. As judged
by the cholesterol-phospholipid ratio the unreac-

tive fraction was consistently richer in phospho-
lipid than the reactive fraction. Thin-layer chro-
matography indicated a virtual absence of tri-
glyceride in the unreactive fraction.

.,-
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!0 '\\"

40 1 2 3-
VOLUMERATIO globulin
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FIG. 2. QUANTITATIVE IMMUNOPRECIPITATION OF SE-
RUM FROM CONTROL SUBJECT AND FROM PATIENT RM
WITH EXTRAHEPATIC BILIARY OBSTRUCTIONDUE TO LIGA-
TION OF THE COMMONBILE DUCT. The titration was car-

ried out as in Fig. 1.
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FIG. 3. IMMUNOELECTROPHORESISOF A SERUM FROM PATIENT
ROGWITH EXTRAHEPATICBILIARY OBSTRUCTIONDUE TO CARCINOMA,
BEFORE AND AFTER IMMUNOPRECIPITATION OF LIPOPROTEIN WITH
y-GLOBULIN SOLUTIONS PREPAREDFROMANTISERUMTO NORMALD <
1.063 LIPOPROTEINS. On the left side of each slide is treated se-
rum and on the right untreated serum. From left to right, the
troughs contain goat anti fi-lipoprotein (Hyland) and goat anti-
whole human serum (Hyland). The whole serum contained 509
mg of cholesterol/100 ml and the treated serum 392 mg of choles-
terol/100 ml.

The protein content of the unreactive fraction
varied from an average of 13%o in the preparations
to a low of 5 % in lots produced by more elaborate
procedures, including ultracentrifugation. This
is considerably less than has been reported for
normal d 1.006-1.063 lipoproteins (25), but
greater than that reported by Russ et al. (4) for
their abnormal lipoprotein.

The nature of the nonreactivity of the OLP
The inability of d < 1.063 lipoproteins, in the

sera of patients with biliary obstruction, to precipi-
tate with antibody to d < 1.063 lipoproteins from

normal subjects may be explained by the follow-
ing hypotheses: (a) the antigen and antibody have
reacted, but have formed a soluble complex rather
than a precipitate, (b) reaction is prevented by
the interference of some serum factor, (c) the
antigenic site is present but inaccessible to the
antibody, and (d) the antigenic determinant pres-
ent in normal d < 1.063 lipoproteins is absent.
These possibilities were investigated.

Sera from patients with and without biliary ob-
struction were subjected to the usual immunopre-
cipitation and the supernatants were subjected to
double diffusion in gel against antiserum prepared
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TABLE I

Composition of d < 1.063 lipoproteins in sera of patients* with biliary obstruction

Free cholesterol Cholesterol

Cholesterol Phospholipid Protein Total cholesterol Phospholipid

mg/100 ml
Unreactive lipoprotein

HG 184 405 107 0.96 0.45
RM 471 1174 222 0.96 0.40
D'An 275 658 137 1.00 0.42
Rog 392 915 240 1.00 0.43
Mean 331 788 177 0.98 0.43

Reactive lipoprotein
HG 140 195 0.41 0.72
RM 157 267 0.44 0.59
D'An 149 255 0.48 0.58
Rog 117 243 0.55 0.48
Mean 141 240 - 0.47 0.59

* Patient RMhad extrahepatic biliary obstruction due to ligation of the commonbile duct, whereas HG, D'An, and
Rog had obstruction due to carcinoma.

in rabbits to goat y-globulin. A precipitin band
to y-globulin was formed. It was hypothesized
that the reaction band formed by a soluble complex
might differ from that of y-globulin alone because
of altered electrophoretic mobility or slower dif-
fusion or both. Thus, a second reaction band
might be found when sera containing OLP is
compared with normal serum in this manner. A
second reaction band was not found nor was the
usual reaction band altered.

To further test the possible formation of a solu-
ble complex, an experiment was performed in
which the y-globulin used to separate reactive and
unreactive d < 1.063 lipoproteins was labeled with
125I and the fractions subsequently isolated were

TABLE II

Components isolated in d < 1.063 lipoprotein fractions after
reaction with goat 7y-globulin-.2.I (Specific activity =

107,800 cpm/mg) containing specific antibodies
to human d < 1.063 lipoproteins

Immunoreactive Unreactive
lipoprotein lipoprotein

(1) Radioactivity, cpm 43,510 3,624
(2) Protein, jig 1,764 238
(3) Cholesterol, ig 725 1,205
(4) Goat y-globulin, 404 34

(5) Human -y-globulin, 77 34
ji4t

(6) Anti-LP antibody, 327 0
jig§

(7) LP apoprotein, jigjl 1,360 204

* (4) = 1000 X (1)/107,800.
t Human7y-globulin-1251 isolated in control experiment as

described in the text.
§ (6) = (4) minus (5).
1(7) = (2) minus (4).

analyzed for the presence of 125I y-globulin. The
precipitated fractions were washed exhaustively,
5 times, until negligible amounts of radioactivity
could be removed. The results of this experi-
ment are summarized in Table II. The lipoprotein
y-globulin complex representing the reactive frac-
tion was shown to contain 1764 ,ug of protein, of
which 404 ,ug could be attributed to y-globulin on
the basis of its content of radioactivity. The 404
jug of protein represented 23% of the total protein
in the precipitate, and 8% of the total mass of the
precipitate. On the other hand, the unreactive
d < 1.063 lipoproteins isolated as a mepesulfate
complex was shown to contain 238 Mug of protein,
of which 34 iug could be attributed to y-globulin.
In this instance, 34 ,ug of protein represented 14%o
of the protein but only 0.6% of the total mass in
the precipitate. Ultracentrifugation reduced these
values to 11.5 and 0.5%o, respectively. This very
low content of goat y-globulin relative to the total
mass of the precipitate (protein plus lipid) raised
the possibility of nonspecific contamination. This
was evaluated in a parallel experiment in which
the reactive and unreactive fractions were first
separated by use of unlabeled goat y-globulin and
then the two fractions were resuspended in 125I1
labeled human y-globulin devoid of specific anti-
body before proceeding with purification and iso-
lation. Any label isolated in this circumstance
would represent nonspecific contamination by
human y-globulin rather than a specific antibody
bound to its corresponding antigen. It was found
(Table II, line 5) that only one-fifth of the y-glob-
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ulin isolated in the reactive lipoprotein-y-globulin
complex could be attributed to nonspecific con-

tamination, whereas all of the y-globulin isolated
with the unreactive lipoprotein could be attributed
to nonspecific contamination. These results are
incompatible with a soluble antigen-antibody com-

plex of y-globulin and the unreactive d < 1.063
lipoprotein.

The possibility was examined as to whether
large amounts of conjugated bile acids, or other
serum factors which accumulate after obstruc-
tion, could interfere with the interaction of
lipoprotein and antiserum. In one experiment,
serum containing 81.4% unreactive lipoprotein
was fractionated by gel-filtration on Sephadex
G-200 in an isotonic, buffered medium. The lipo-
protein fraction obtained in such a procedure is
free of serum components with the exception of
macroglobulins. This fraction was concentrated
and assayed for unreactive lipoprotein: 82.2%
was unreactive. Furthermore, it was shown by
double diffusion in gel that highly purified prepa-
rations of the unreactive lipoprotein did not ex-

hibit reactivity to antisera prepared against d <
1.063 lipoproteins (Fig. 4).

FIG. 4. DOUBLE DIFFUSION OF OLP IN AGAROSEGEL.
In the center well is a purified preparation of OLP from
patient LB with biliary atresia. The peripheral wells are

numbered clockwise from the top. In these wells are

(1) rabbit antiserum to OLP absorbed with d > 1.063
lipoproteins, (2) rabbit anti-,8-lipoprotein antiserum
(Behringwerke), (3) goat anti-p-lipoprotein antiserum
(Hyland), (4) same as 1, (5) rabbit anti-aL-lipoprotein
antiserum (Behringwerke), (6) rabbit anti-goat, y-glob-
ulin antiserum (Hyland).

TABLE III

Amino acid composition of lipoprotein fractions from subjects
with obstructive jaundice (OLP) and from

normal pooled sera

d 1.019- d 1.063-
OLP* d < 1.006$ 1.063$ 1.21*

residues/1O000
Aspartic 96.9 102.9 106.1 74.1
Threonine 55.0 58.2 62.9 43.9
Serine 89.8 97.3 85.9 56.0
Glutamic 144.1 153.9 120.8 184.0
Proline 32.4 27.2 54.2 37.6
Glycine 57.6 47.1 45.8 43.0
Alanine 90.1 90.0 67.3 68.4
Valine 60.9 74.6 45.3 58.9
Isoleucine 29.0 30.7 60.7 14.1
Leucine 96.4 97.9 118.9 146.0
Tyrosine 24.6 27.9 26.9 34.7
Phenylalanine 45.2 43.9 56.5 40.2
Lysine 96.1 81.3 85.2 115.6
Histidine 15.3 16.9 22.8 18.1
Arginine 58.9 39.8 50.5 55.7

* Mean of duplicate analyses on three separate lipo-
protein preparations.

t Mean of duplicate analyses on two separate lipo-
protein preparations.

§ Uncorrected for sulfur-containing amino acids.

Since it has been shown in our laboratory (un-
published observations) that d < 1.063 lipopro-
teins from rats with obstructive jaundice may
contain considerable amounts of conjugated bile
acids, a second experiment was performed in or-
der to see if these materials could alter the reac-
tivity of lipoprotein in normal serum. Accord-
ingly, serum from a normal subject was mixed
with sufficient sodium taurocholate to raise the
level of conjugated bile acids by 80 mg/100 ml.
After 15 min at room temperature, an assay for
unreactive lipoprotein was performed that yielded
a value of 1.5%o. This is not significantly differ-
ent from that routinely obtained on normal sera.
It is concluded that extraneous serum factors are
unlikely to account for the altered immunoreac-
tivity of the lipoprotein in these sera, although
we cannot exclude more subtle effects of unknown
factors in vivo.

The unusual lipid composition of the unreactive
lipoproteins suggested that alterations in peptide
conformation related to the lipid composition might
account for nonreactivity by rendering the anti-
genic site inaccessible. To ascertain a possible
relationship of the apoprotein of the unreactive
lipoprotein to those present in reactive lipopro-
teins, we performed amino acid analyses of lipo-
protein fractions (Table III). Unreactive d 1.006-
1.063 lipoproteins were prepared by first remov-
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FIG. 5. DOUBLE DIFFUSION OF OLP AND NORMALSE-
RUMIN AGAROSEGEL. In the top well is serum from a
normal donor; in the right well is goat anti-,8-lipoprotein
antiserum (Hyland); in the bottom well a purified
preparation of OLP from patient ARL with extrahepatic
obstruction due to carcinoma; and in the left well anti-
serum to the OLP which is in the bottom well. This was
absorbed with the d > 1.063 fraction.

ing the d < 1.006 lipoproteins by ultracentrifuga-
tion at d 1.006 and subjecting the d > 1.006 proteins
to immunoprecipitation, followed by mepesul-
fate precipitation (4 times) and then ultracen-
trifugation at d 1.063. Three such preparations
were analyzed in duplicate (Table III, column 1).

The results can be summarized as follows: the
values for normal lipoproteins (Table III, columns
2-4) agree reasonably well with those reported
by other workers (26-29). The amino acids that
are most helpful in distinguishing the three major

lipoprotein classes (as discussed below) are as-
partic, glutamic, isoleucine, and leucine. When
the data for the OLP are compared with those
obtained from normal lipoproteins it can be seen
that the amino acid composition most nearly re-
sembles that of the d < 1.006 lipoproteins. These
data are compatible with the hypothesis that the
OLP contains an apoprotein similar to that pres-
ent in d < 1.006 lipoproteins. The data do not
suggest a relationship to the d 1.063-1.21 apo-
proteins.

If the determinant present in normal d < 1.063
lipoproteins is absent from the OLP it is conceiv-
able that a different determinant is present. To
test this possibility, rabbits were immunized with
the OLP. The harvested antisera were absorbed
with normal d > 1.063 serum proteins and double
diffusion studies in gel were performed (Figs. 4
and 5). These antisera reacted strongly with
the OLP originally prepared for immunization
(Fig. 5) and with freshly prepared OLP (Fig.
4). It should be noted that antisera to the
d 1.063-1.21 and d < 1.063 determinants do not
react with our most purified preparations of OLP
(Fig. 4). Removal of the normal d < 1.063 lipo-
proteins from sera containing OLP by immuno-
precipitation does not diminish the reaction of
the OLP with its specific antiserum. The antise-
rum to OLP reacts weakly or variably with sera
from normal subjects (Fig. 5). When normal
sera are fractionated at d 1.006, the antiserum to
normal d < 1.063 lipoproteins reacts with both the

FIG. 6. COMPARISONOF REACTIVITY OF ANTISERA TO NORMALD < 1.063 LIPOPROTEINS AND OLP. In
the center well on the left is goat antiserum to normal d < 1.063 lipoproteins. In the center well on
the right is rabbit antiserum to OLP absorbed with the d > 1.063 proteins. In the peripheral wells,
numbered as in Fig. 4, are the d < 1.006 lipoprotein fractions from three normal donors in wells 1, 3,
and 5, respectively, and the corresponding d > 1.006 lipoprotein fractions in wells 2, 4, and 6.
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d < 1.006 and d > 1.006 fractions, whereas, the
anti-OLP does not react with the d > 1.006 frac-
tion, but does react to a variable degree with the
d < 1.006 fraction (Fig. 6).

Thus, it appears that the OLP contains an anti-
genic determinant distinct from that found in
normal d 1.006-1.063 lipoproteins, but common
to one present in some d < 1.006 fractions pre-
pared from normal serum.

Discussion
The extreme abnormalities of serum lipids in

obstructive liver disease attracted the attention of
early workers interested in lipid-protein com-
plexes. Using electrophoretic techniques, Kunkel
and Ahrens (30) studied eight cases of primary
biliary cirrhosis while Sterling and Ricketts (31)
studied 10 cases of biliary cirrhosis secondary
to demonstrable extrahepatic obstruction. Both
studies demonstrated that sera with elevated
lipid levels from patients with biliary cirrhosis
showed marked increases of /3-globulin propor-
tional to the elevation of lipids. Fractionation of
serum lipoproteins in a large series of subjects
with liver disease was first reported by Eder et al.
(2) using Cohn fractionation. They found that
patients with either biliary cirrhosis or extrahe-
patic obstruction displayed high levels of lipo-
protein in Cohn fraction IV + V + VI. This
lipoprotein was found to migrate electropho-
retically as a /3-globulin and to have a d < 1.063.
However, since lipoproteins of this density are
not customarily found in fraction IV + V + VI
but in fraction I + III, it was emphasized that
this must be an abnormal lipoprotein with proper-
ties (solubility) which varied considerably from
normal. Lipid analyses showed that in contrast
to normally occurring d < 1.063 lipoproteins, vir-
tually all of the cholesterol in this lipoprotein
fraction was in the free form and that the choles-
terol-phospholipid ratio was low (0.4-0.5).

Isolation of this abnormal low-density lipopro-
tein was achieved from the serum of a single pa-
tient with primary biliary cirrhosis by Russ et al.
(4) who used a combination of Cohn fractionation
and ultracentrifugation. This lipoprotein had
an average hydrated density of 1.041-1.042 and
lipid analyses confirmed the earlier observations
of Eder et al. (2). The protein content was 2%o,
an unexpectedly low value for a lipoprotein of

this density. Immunochemical studies were per-
formed by Levine et al. (32). They failed to dem-
onstrate a precipitin reaction between the abnormal
lipoproteins and an antiserum known to react with
all low-density lipoproteins from normal sera.
The lipoprotein studied by these investigators
thus appears to be the same or similar to the
immunologically unreactive lipoprotein reported
in this present study. It is emphasized, however,
that the unreactive d < 1.063 lipoprotein is not
unique to biliary cirrhosis but is also found in
patients with extrahepatic biliary obstruction.

In addition to the high concentration of the un-
reactive lipoproteins present in patients with ob-
structive jaundice, we found a normal concentra-
tion of immunologically reactive d < 1.063 lipo-
proteins. This is consistent with earlier studies
(2, 4). All of the studies cited indicate that under
these circumstances a-lipoproteins are diminished
or absent as judged by electrophoresis on paper
(2), starch (33), gel (the current study), or by
ultracentrifugation (2, 3).

The lack of esterification of the cholesterol in the
abnormal lipoprotein in the presence of signifi-
cant cholesterol esterification of other lipoprotein
fractions is of singular interest. Since the work
of Thannhauser and Schaber 40 yr ago, a de-
crease in serum cholesterol esters has been viewed
as a sign of hepatic damage, per se (34). This
view had been challenged earlier by Eder et al.
(2). First, it must be emphasized that with ob-
struction the relative decrease of cholesterol esters
is due, not to an absolute fall in cholesterol esters,
but to a marked increase of free cholesterol. Fur-
thermore, this increase of free cholesterol is lim-
ited almost wholly to a single lipoprotein fraction
and, as has been shown experimentally in rats, this
increase precedes demonstrable damage to hepatic
parenchyma (35). Second, recent work indi-
cates that the liver is not the sole source of plasma
cholesterol ester (36-38), but that considerable
esterification of lipoprotein cholesterol may occur
in plasma due to the activity of a plasma enzyme,
acyl transferase. Of particular relevance is the ob-
servation that acyl transferase is inhibited by so-
dium taurocholate (37). However, complete in-
hibition requires levels (5 moles/liter) far in
excess of any we have measured in plasma.

We have suggested the following possibilities
for the inability of antiserum to normal d < 1.063
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lipoproteins to precipitate the abnormal lipopro-
tein: (a) reaction between antigen and antibody
occurs with formation of a soluble complex rather
than of a precipitate; (b) the presence of a se-
rum factor interferes with the antigen-antibody
reaction; (c) the structure of the lipoprotein is al-
tered so that, although the antigenic site is pres-
ent, it is inaccessible to the antibody; and (d)
the apoprotein or some portion of the peptide dif-
fers sufficiently from the normal d < 1.063 apo-
protein as to change its antigenic specificity.
From our studies utilizing labeled y-globulin (Ta-
ble III), it seems unlikely that a soluble antigen-
antibody complex is formed. Nor could we find
evidence for the presence of serum factors ex-
traneous to the lipoprotein itself that would inter-
fere with the immune reaction.

It is certainly possible that the altered lipid
composition of the OLP could change its immuno-
logic reactivity, but as yet no data are available
relative to this possibility.

The apoprotein in OLP could differ from that
normally found in d 1.006-1.063 lipoproteins by
virtue of (a) the presence of an apoprotein nor-
mally found in other lipoprotein classes, or (b)
the appearance of an apoprotein not normally
present in serum, or present only in small amounts.
DeLalla et al. (39) found that a d < 1.063 lipo-
protein with ,8-mobility by electrophoresis re-
acted with an antiserum to high-density lipopro-
teins. This observation could be considered to be
inconclusive because, as the authors note, the
"antiserum used in this study was prepared against
an aged lipoprotein in which alteration presum-
ably had already occurred." It should be noted
that we did not get a purified preparation of OLP
to react with antiserum to a-lipoprotein (Fig. 4)
nor antiserum to OLP to react with serum from
which only d < 1.006 lipoproteins had been re-
moved (Fig. 6).

Wehave attempted to determine the nature of
the apoprotein of OLPby (a) amino acid analysis
as a first step in the chemical characterization
of the peptide and (b) further study of the im-
munologic characteristics of OLP. In order to
carry out these studies it is, of course, necessary
to have "pure lipoproteins." This has been
achieved with normal lipoproteins by a number of
workers whose methods utilized repeated poly-
anion precipitation and ultracentrifugation (28,

40), to give "pure" fractions so characterized by
immunochemical methods and by analytical ultra-
centrifugation. The lipoproteins prepared by the
procedure utilizing immunoprecipitation in this
study undoubtedly were contaminated with y-glob-
ulin. This was demonstrated in the studies where
labeled globulin was added and also by immuno-
diffusion (Fig. 4). However, even in studies of
normal lipoproteins by Avigan et al. (41) and
Roheim et al. (42), it was shown that when con-
tamination was looked for by sensitive methods,
absolute purity could not be obtained.

The d 1.063-1.21 and d 1.006-1.063 lipoproteins
have distinctly different amino acid compositions
(26-29). The d < 1.006 and d 1.006-1.063 lipo-
proteins, although differing in some respects, have
a somewhat similar amino acid composition (27).
The amino acids which are most likely to distin-
guish the major lipoprotein classes and which are
least likely to be influenced by technical factors
related to hydrolysis and chromatography are as-
partic, glutamic, isoleucine, and leucine (28).
When the amino acid composition of OLP is com-
pared with that of lipoproteins from normal sera,
it is apparent that the OLP is most similar to the
d < 1.006 lipoproteins and unlike the d 1.063-1.21
lipoproteins. That OLP contains a mixture of
d 1.063-1.21 and d 1.006-1.063 apoproteins seems
unlikely, especially so because of their composition
in respect to leucine, alanine, and serine. It
should be emphasized that these studies represent
only the beginning of the study of the chemical na-
ture of the protein.

Consistent with the observation that the amino
acid composition of OLP resembles that of nor-
mal d < 1.006 lipoproteins is the finding that anti-
body to OLP can react with normal d < 1.006
lipoproteins. It is interesting to speculate on the
relationship between this reaction and the studies
of immunologic characteristics of the d < 1.006
lipoproteins by other workers. Gustafson et al.
(43) and Levy et al. (44) have found that par-
tially delipidated d < 1.006 lipoproteins react with
antiserum to both d 1.006-1.063 and d 1.063-1.21
lipoproteins. However, Granda and Scanu (27)
were unable to find reactivity to high-density lipo-
proteins, except with fractions, from hyperlipemic
sera, that also contained albumin. In addition,
Gustafson et al. found a third component which
was designated apolipoprotein C. Further study
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is necessary to determine whether this determinant
is present in the OLP. Conceivably, the OLP
contains yet another peptide not present in nor-
mal plasma. Of this, Anfinsen (45) has pointed
out, ". . . de novo production of lipoprotein of
an entirely new species, both as regards the pro-
tein part and the lipid part of the molecule
seems highly unlikely, since it would imply a new
protein synthetic mechanism and a genetic change
in the control of protein synthesis."

Note added by Editors

Shortly after the submission of this manuscript Dr.
Switzer died, on 4 June 1967, as the result of an auto-
mobile accident His colleagues and his many friends
deeply regret his untimely death.
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