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AssTracT 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-N. 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

and L.P-B accounted ror 98% and the LP-A for only 29,
of the total protein content of the LDL fraction.

This study indicates that the plasma lipoprotein pat-
tern in obstructive jaundice is characterized by (a) a
decreased concentration of HDL, (b) an increased con-
centration of LDL, and (¢) the presence in the LDL
traction 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-
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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)
clectrophoretic class consisting of a heterogencous, poly-
disperse system of particles, Chemical and immunochemical
studies of lipoproteins isolated on the basis oi density or of
clecirophoretic mobility bave revealed heterogeneity in re-
spect to protein moieties. To formulate a chemical rather
than an operational classification systemn, it has been pro-
posed (1) that the specific protein moicties (apolipopro-
teins) be utilized as criteria for the differentiation of lipo-
proteimn 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—iatty acid and athumin-lysolecithin complexes, and
recognizes heterogencity with respect to particle size while
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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
lipoprotetns. NVLDL, very low density lipoproteins, lipo-
proteins of d <1.006 g/ml (S¢>20); LDL, low density
lipoproteins, lipoproteins of d = 1.006-1.063 g/ml (S¢ 0-20) ;
HDIL, high density lipoproteins, lipoproteins of d = 1.063—
1210 g/ml; a-LP, a-lipoproteins, lipoproteins with an elec-
trophoretic mobility of a-globulins; A-LP, g-lipoproteins,
lipoproteins with an clectrophoretic mobility of g-globulins.

AAbbreviations bascd on the chemical classification of lipo-
prateins.  LP-A. lipoproteins characterized by the presence
of apolipoprotein .\; LP-B. lipoproteins characterized by the,
presence of apolipoprotein B; LP-X, lipoproteins occurring
m obstructive jaundice and characterized by the presence
of apolipoprotein  N;  Apo-A, apolipoprotein A, protein
morety ol L.P-A; Apo-B upolipoprotein B, protein moicty
of LI-B; Apo-N. apolipoprotein XN, protein motety  of
LLI-N. Iach apohpoprotein is recognized by its speeific
nnmunachemical characteristics and by such chemical proper-
ties as anuno acid composition and terminal amino acids.
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phoretic precipitin arc hetween plasma samples and puri-
fied antibodies to LP-X was cbhserved only in patients
with obstructive jaundice. This simple immunochemical
test may represent a valuable new tool in the differ-
obstructive and nonobstructive

ential diagnosis ot

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 plasma 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 (13) and Kunkel and Slater (16)
correlated increased plasma lipid and g-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 stabilitv of lipoproteins and, therefore.
their capacity for cholesterol binding. Pierce and Gof-
man (21), McGinley, Jones, and Gofman (22), and
Gofman (23) first deseribed 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 LLDL 1s ac-
companied by a decreased concentration of HDL. Iider,
Russ. Pritchett, Wilber, and Barr (13) found an in-
creased concentration of serum lipoproteins in Colin
fractions ITV-VI (28). Russ, Rayvmunt, 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 LDIL. Antibodies produced with this “ob-
structive” lipoprotein, however, did react occasionally
with normal serum. The amino acid composition and the
immunochemical characteristies of this lipoprotein dif-
fered shghtly from those of apolipoproteins A and B.
Burstein and Caroli (31), utilizing serum {rom patients
with obstructive jaundice, found that a lipoprotein ob-

F1or nomenclatnre and abbreviations ased in the text, see
jaotnote 1
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tained by methods used for precipitating LDL? showed
no reaction with antibodies to LDL. Although several
mvestigators (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 immunocelectrophoretic
method for the differential diagnosis of obstructive and
nonohstructive jaundice has been proposed.

METHODS

Blood samples were obtained from patients with hemolytic
jaundice, lupoid hepatitis, infectious hepatitis, cholangiolitic
hepatitis, lLaennec’s cirrhosis, biliary cirrhosis, and various
wwpes of intra- and extrahepatic biliary obstruction. The
diagnoses were established by the standard laboratory tests,
Hiver biopsy, surgical procedures, and, in some cases, by
autopsy. Blood was usually drawn 10 hr after a meal, but
never less than 4-3 hr after. It was collected for preparative
isolation of lipoproteins into plastic bags containing 2.2%
sodium citrate (Fenwall Laboratories, Inc., Morton Grove,
111, and the plasima was recovered by low speed centrifuga-
tion. Blood samples used only for the immunclogical 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 1s outlined in Fig. 1. The VLDL lipoproteins were
obtained by layering plasma samples under equal volumes
of d=1.0035 g/ml buffer solution (142 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 » HCI) and centrifuging in the
Type Ti 30 rotor of the Spinco model L-2 ultracentrifuge
for 22 hiy at 103,000 g and 4°C.

The top fraction (d <1.006 g/ml) containing the VLDI.
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 3% heparin solution and 5 ml of 1 » 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 Jow speed centrifugation and the filtrate set aside
for ultracentrifugal isolation of IIDIL. The precipitated
lipoproteing were then dissolved in a mixture of 1 ml of
109 =adium citrate and 0.5 ml of 20% NaCl, dilnted with



0.005 st Tris buffer to a volume of 100 ml.. and pr?cipitatc'd
by adding 2.5 ml of 2 s magnesium chloride sohmon.. "Thxs
p-x'occdm'e was repeated two times, and thc. final precipitate
was dissolved as described above. The solm}on wias dlal_\'.zed
irst for 36 hr against 9% NaCl and th@ tor 24 hir against
3% barium chlovide at 4°C. The l_mparn_]-barmm precipitate
was removed by low speed ccntrlfugatlon,‘ and the super-
patant portion was dialyzed for 48 hr against 0.9% NaCl

For further fractionation with ethanol (13, 28, 29), 5 vol-
umes of cold (—3°C) ethanol acetate buffer (19% ethanol,
pH 8.3, ionic strength 0.04) was added in small portions to
1 volume of cold (1°C) dialyzed supernatant portion. The
mixture was stirred for 30 min at —5°C and centrifuged at
low speed. The precipitate corresponding to Cohn fractions
1-11I was dissolved in 2 at NaCl and dialyzed, first for 48 hr
acainst 9% NaCl, and then for additional 48 hr against
0.9% NaCl. The remaining solution, containing Cohn frac-
tions IV=VI, was concentrated i vacno to 4 of its original
volume and dialyzed for 48 hr against 09% NaCl. Bota
iractions (Cohn I-IIT and IV-VI) were centrifuged at
solution density of 1.063 g/ml for 44 hr at 105,000 g and
4°C. The upper layers of both fractions, removed by tube
slicing, contained lipoproteins within the density range 1.006—
1.063 ¢/ml. In some instances the iractions IV-VI were
further separated into Cohn fraction IV 4V and VI (28).

The filtrate remaiing after the first heparin precipitation
was dialyzed as previously deseribed, udjusted 1o 1.063 g/ml
density, and centrifuged for 22 hr at 105,000 ¢. The top layer
was discarded, and the mfranatant portion was centrifuged
at a solution density of 1.210 g/ml for 44 hw at 105,000 ¢.
The top layer contained HDL (1.063-1.210 g/ml).

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

All {ractions were characterized by protein and lipid
analyses and by determination of electrophoretic and immu-
nochkemical properties.

Inviunological methods. The immunochemical properties
of lipoproteins were studied by double diffusion (39) and
immunocicctrophoresis (40) in 1% agar or 1% agarose gels
emploving harbital buffer, pII 8.6, ionic strength 0.05. Plates
were developed and stained as previousiy described (41, 42).
Rabhit anti-human sera er-LP, §-LP, albunin, whole human
serum, and 7S v-globulin (Behringwerke AG, Marburg an
der Lalin, Germany) were used. The antibodies to 3-LP
present in the rabbit antiserum gave a single precipitin line,
and the antibodics to e-LLP gave, in most instances, two
precipitin tines with whole serum irom normal subjects,

The antibodies to a-LP and g-LP showed no reaction with
haman 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, -L.P, aud (or)
albumin, were mixed with an cqual volume of Freund's
adjuvant and administered iutraperitoneally in a single
injection, The rabbits were bled by heart puncture after
2 wk, and the antisera examined by immunodiffusion and
immuncelectrophoresis formed precipitin lines with LP-X
and albumin. Some antisera, drawn 3 tonths after iinmuni-
zation, showed a precipitin line with LP-B and an additional
line in the ~-globulin region with whole serum. The anti-
sera were absorbed with equivalent amounts of appropriate
atitigens determined by a serial micro dilution method. The
mixture was incubated for 3 hr at 37°C, allowed to stand for
12 hr at 4°C, 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,

Llcctrophoresis.  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% 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 acatic acid-cthanol-water (35:70:25, 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 O, 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 finoleate (mol wt 649.1). Tri-
glycerides were determined by the method of Van Handel
and Zilversmit (43) 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 deternnned by the method of Lowry, Rosenbrough, Farr,
and Randall (47).

RESULTS

Plasiwa lipids of patients <with jaundice. Results of
the plasma lipid analyses in patients with jaundice of
different etiologies are presented in Table [. The most
marked changes in the lipid concentrations occurred in

TanLe 1
The Plasma Lipid Composition in Paticnis with fuundice

Unesterified cholesterol

rol

Totul
cholesternl

Totul chole:

Chnical dlugno<s

mr 100wl

Total chalesterol

Pho-pholiyng

Number of
patients

Pho~pholipid Trighveeride

mg 100 mi

mg, 100 m!

Hemaolvtie jaundice 132 0.30 186 0.71 119 1
Infectious hepatitis 118 =12 0.32 40.006 237 %71 0.530 +0.04 1ol £13 11
Laennee's cirrhesis 105 £11 040 £0.03 46 %35 0.72 £0.08 96 £10 9 .
Biiary cirrhesis 247 13 .64 =0.07 723 =00 .34 +0.03 136 44 5
Ixtrahepatic biltry RIREERE 0.75 £0.03 839 +£92 10,48 40,03 107 4-20 12
ohstrnction

Nornal range* 180230 0.25-0.33 150-280 0.70-1.10 30-150
*\atnes for normal range are taken from o stady by Furman, Howard, Lakshimi, and Norcia (48).
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Procedure for the isolation of plasma lipoprotein {ractions from patients with

obstructive jaundice. See footnote 1 in Abstract for explanation or 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, 267,

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 Iaboratory which permits the isola-
tion of immunochemically and electrophoretically homo-
geneous lipoprotein fractions.

Qualitative composition of lipoprotein fractions. The
immunochemical characterization of lipoprotein fractions
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hmmunodiffusion patterns of Hpoprotein fractions. Central wells contain (¢) VI9.DL,

(0) LDL, and (c) 1D Ower wells contain antibodies to LI-A (), albumin (£), LP-B

iCy,and LP-X (D).

obtained from patients with obstructive jaundice by
standard  sequential - preparative  ultraceutrifugation
showed that VDL conzisted of L=\ and LP-B (Fig. 2,
pattern a). The HDL iraction contained only LP-A
(Fig. 2. pattern ¢ ). The LDL showed not only the pres-
ence of LP-A and LP-B hut uiso a lipoprotein which
was tmmunochemically different from I.P-A and [LP-B
(Fig. 2.
LP-X.

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

The rwo different low density lipoproteins. LP-B and

pattern b3, This lipopratein was designated

)

LP-X, were separated by cold ethanol ifractionation
(Fig. 1), The immunodiffusion pattern (Fig. 4. pat-
tern @) shows that the heparin-precipitated LIDIL 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 I.P-B). Cohn fractions I-III
showed the presence of only LLP-B (Fig. 4, pattern 5).
and Cohn {fractions ITV=VI. the presence only of LP-X
(Tig. 4. pattern ¢). It was established by further frac-
tionation that .P-X occurred in Cohn fraction VI. This
purified LP-X fraction was utilized for the immiuniza-
tion of rabbits.

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

IO TH SN

Bomusodiiesion patterns of LD L Centval wells contaimn (w0 LD isolated by altra-

centritugation, and (41 Hpoproteins walated by heparin precipitation. Outer wells  contaim
antibodios to - (0D 3o (2, LIP-B () awd LE-X0 (/7).
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[mmuncdiffucdon patterns of Tipoprotem fractions. Central wdlls contain a0

Hpo-

proteins isolated Ly heparin precipitation, (h) Coln fractions 1= obtained  irom heparin-
precipitated hipepratenrs, and (03 Cohn dractions IV=VT obtained fvom hopavin-procipitated

lipoprotein. Outer wells contam antibodies to LEP-A ().

LP-B+ LI-N (/.

lines with antibodies to L=\ (171g, 5), The ant-LT-X
serum showed no reaction with LD, HDI.
Fig. 6 shows that LP-X reacted only with antibodies to
LP-X (pattern @), and that ant-1LI"-NX serum reacted
only with LP-X (pattern &), These latter experiments
were performed with various concentrations of untigens
and antibodies, Immunoelectrophoretic patterns showed
that LP-X gave no reaction with antibodies to normal
whole serum, albumin, LEP-A, or LP-13,
diffusion pattern in I'ig. 6 @ shows clearly that 1PN is

or whumin,

The immuno-

not identical with y-globulins.
Fig. 7 shows the difference between the electvophoretic
mobility of LLP-X in agir and m agarose gel. Under

LDL

ESTH RN

Immuinodutfasion pattern of whole sevim af

albumin (M, TP (0 and

wdentical expermentad conditions, 1IN moved on agar
gel toward the cathode, and on agarose gel toward the
anode. 19, 8 <hows the ditference between the electro-
phoretic patterns on agar and agarose gels of serwm from
a normal subject wnd from 1 pattent wath obstructive
jaundice, The LP-X0 hand wis sharpiyv separated from
the LP-I3 hand only by agar gel electropharesis. The
LP-X moved as 4 narrow hand towurd the cathode and
was stamed with Oil Red O. Tn contrast, on agarose gel,
I.P-B and LP-N migrated with the sione mobility into
the p-globulin region. The presence of weakly stained
bunds v the ev-globulin region corresponds well with

the low concentration of HDI chiructerizing patients

ANTI-
LP-A

ANTI-
ALBUMIN

ANTI-
LP-B

Aopaiient w il oexntradhepiie ohstretion

WSOy
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Fiovre 6 Innmnodiffusion patterns of LP-N. Central wells contain (o) LU-X| and () rah-
pit ani-LP-N sorvm. Owter wells inoputtern @ contain antibodies to LA (01), albumin (5,
~eglobulin ((, LUP-I (7)), and LD-X0 (L), Outer wells in pattern b contwin L=\ ([7),
athumin (G, L= (11), and LLP-X ().

with obstructive jnundice. On paper  clectraphoresis  [ractions in puticnts with obstructize jeundice.  Table

LP-N migrated toward the inode with o mobility shightly 11 shows the per cent distribution of protein and lipid
less than that of LB g, 9. components in three major lipoprotein fractions obtained

The affinity of L)l mnnunoprecipitin lines and electro- by preparative ultracentrifugation or heparin precipita-
phoretic bands of LP-X for Hipid ind protemn stwins indi- - ton. Most of the total c¢holesterol. phospholipid, and
cates clearly its lipoprotein nature. Studies character-  protein. and o high percentage of the triglveeride are

izing the chemical natuve of the protem present in LP-N concentrated i the DL fraction. That portion of LDL
are i Progress. L‘urrc\])(mr”ng' 1o LI-N vavied \\'i(]cl_\' in different pa-
Distribution and per conl composition of lipoproten tients. Ttoas likely that the concentrntion of LP-X0 de-

AGAR

AGAROSE

-
- -

© e —— - ———— e e

e ke 70 D clecrrophoretic patterns of LN a0 177 gear and 140 aearose,
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[FiGURE 8
serum (of) and serum of a patient with ohstructive jauvndice (B). Datterns were stained with

Oil Red O.

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

The per cent composition of lipoprotein classes is pre-
sented in Tahle 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, I.LP-B and LP-XN, re-
vealed that the protein-lipid composition of the whole
DL fraction. and thus of whole serum, 15 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, 30).
An unusually high content of phospholipid (66.5¢%) and
a low content of protein (3.89) vepresent the unique
characteristics of the chemical composition of LP-X.
The phospholipid: protein ratio of LP-X is almost 12
times that of I.P-B. 939, of the cholesterol present in
LP-X was unesterified. Tt 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-13 as isolated
by these methods from jaundiced plasma differs some-
what from the compaosition of those obtained from nor-
mal plasma,

The presence of 1.I'-A conld be demonstrated only in
the LDI. fraction ohtiined by preparative ultracentri-
{Tarinan

121N D. Scidel, P, Alaupovic. and R,

AGAROSE

1-4(- LP-X+LP-B

T v IS

g
|

A

Ilectrophoretic patterns of whole scrum in 1% agur and 19 agarose. Normal

fugation. To determine the per cent content of [LIP-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. Varving
proportions of LP-B and L.LP-X accounted for the major
part (98%) of the L.DL f{raction in patients with ob-
structive jaundice,

LPresence of LP-X 1 plasma of patients with varions
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
varving degree had been demonstrated by various other
tests, In three patients with Laennec’s cirrhosis in whom
LP-NX was demonstrated, the presence of an obstructive
component was confirmed later by liver biopsy. In pa-
tients i whom extrahepatic biliary obstruction was cor-
[.-X could not be detected 10-14
In those patients in whom [LP'-N

rected by surgery.
dayvs postoperatively.
could not he demonstrated, evidence of an obstructive
component to the jaundice could not he demanstrated hy
other tests, It 1s not known, as vet, what degree or dura-
tion ol obstruchion is requisite to the preduction of

F.P-NX0in detectable amnumnts.,
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FiGure 9 Paper clectrophoretic patterns of whole serum (A), 1.0-X (7)), and LD-B ()
‘rom a patient with obstructive jaundice.

DISCUSSION

Isolation of three immunochemically and electropho-
retically distinct lipoproteins, LLP-A, LLP-B, and LP-X,
from the low density lipoprotein fraction (1.006-1.063
g/ml) in patients with biliary obstruction may now be
achieved by this separation procedure which combines
ultracentrifugation, heparin precipitation, und ethanol
fractionation, The unique lipoprotein. designated LP-X,
isolated from the low density lpoprotein fraction of

plasma from patients with obstructive jaundice, has a
protein and lipid composition similar to that of an ab-
normal lipoprotein (OLP) isolated from the same den-
sity fraction by Switzer (30) and a lipoprotein found
m Cohn fraction VI by Russ et al. (29). Our studies
demonstrate that the mcreased concentration of LDL in
obstructive jaundice is due primarily, if not exclusively,
to the content of LP-NX in Cohn fraction VI.

Reports (32-33) that ILP-A is present in the LDL

TaBLE T1
Per Cent Distribution of Nevum Lipids and Lipoprotein Protein in Major Lipoprolein Fractions from
Four Patienls with Extrahepalic Obstructive Jaundice

Bensity Qas-es Totul ¢hiadestirol Phospdolipid Trielyverride Protein
: i Yo K
VLD 2.0 2-8 2040 J--10
< 1.OU6
1.Dt.» Q0 93 81-93 S-78 7392
1 G06-1.063 IRIVERTIED 30-801¢ 3150 (206032
. 17 514 30 ;s
1.063-1.21
See footnote 1in Absiract for explanation of abbreviations in this and all subscquent Tables.
* This fraction was obtajned by hepartn precipitaton and, therefore, contains ondv 1LP-B and L1-N.
I Per cent attributable ro LP-X.
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Per Cenl Composition of Lipoprotein Frociions in Patients woith Obsteisciioe Jaiod poe®

Uinesienifier]

by it

Density clas~es Cliode~yernd eeteg cliole I’ho-pholinid Triclycoride Sronr srotein
ViILDL 128 {162 74 0610) 15.2017.9) 333 051.8) O3 (7.1 ORI
< 1.006
f-1 273 13.9 16.3 3.9 204 093
I.DL} 13.9 (394, 194 (7.3) 38.8 (23 1) 0.519.3) 194 0207 20 1y
1.006-1.063
F-N 24 214 0.5 2.0 5.8 RN
HDI. 11.0(18.3) 1.5102.3) 380 (269 2.3 (4.0) 3.7 (477 (188 .30
1.063-1.21

*The values in parentheses represent per cent compazition of poprotein fractions in normal sinbjects (38

+ This fraction wus obtained by heparin precipitation, and containg, therefore, onty 1P and 1.0-N

mean values of four preparations.

fraction in ohstructive jamdice have been confirmed by
utilizing the herein described separation procedures, al-
though we found no immunochemical evidence of 1.P-A
in the heparin-precipitable portion of LDI., This portion
accounted tor Y89, of the total LDI. protein. The as-
sumption by Fredrickson. et al. (33) that an increased
concentration of 1.DI. is cuused by a shift of J.IP-\ 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

the values represent

Qur quantitative studies indicate that the Bpaprotein
pattern m obstructive jaundice 1= characterized by (a)
mcreased
concentration of LD and (o) the presence m the LDL

i deereased concentration of DL (b) an
fraction of varyving wmounts of it specific lipoprotein,
LP-X,

LIP-N and LP-B. Since the latter lipoprotems are of an

immunechemically and chemically distinet from

almost normal chemical composition. the third lipopro-
tein, LI-X.

unesterified cholesterol and phospholipids, i~ primarily

with Its characteristically high content of

- NORMAL SERUM

Dok 10

tins whole serum of a0 patient with obstractive indice
whole serumy of a normal subject, The central trough contams

albmnin, TN LP-B and 11X

1220 D. Scidel, Po Alaupovie, and R Furman

Linmmoelectrophoretic patterns of swhele serum on agar. TThe apper pattern con-

(WSO wad the
mixtore of

lawer patterm

anthodios 1o



TanrLe 1V
Tmmunocheniical Deleclion of LP-X in Patienis with Jaundice

Number of
pativnts
showing

crogs-reaction

Numher of with anti-

Chinieal diagnosis patients LIP-X scrum
Hemolvtic 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 bibary 24 24

obstruction
3. 61

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

Switzer reported (30) that the abnormal lipoprotein
(OLDP), 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-
I.P-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 tomewhat from those of Switzer (30) who de-
tected, occasionally, precipitin lines between anti-OLD
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 atilizing purified
anti-LP-N serum may represent a valuable new tool
in the differentin] diagnosis of obstructive and nonob-
structive jaundice: Though it is not vet possible to cor-
relate the concentration of LP-X with the degree or
duration of hiliary obstruction or the extent of the
derangement of the serum lipids. indications are that
such relutionships exist.

It is relevant at this point to inquire regarding the
origin wnd nature of LI-X. Ts T.P-X a normally occur-
ring lipoprotem? If <o, why is it not detectable in normal
serum ? Why doces it accumulate in obstructive jaundice?
Is it synthesized in liver or elsewhere? What is the
nature of its protein moiety? It has heen shown (31,
32) that the intestine synthesizes. i addition to LP-A

and L8, sonie as vet unidentified lipoproteins which
may play an important role in the secretion and transport
of exogenous fat. Alaupovie, Furman, Walraven, Falor,
and Newman (33) 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, LLP-N may he an intestinal lipoprotein similar to
lipoproteins  contaming apolipoprotein C, catabolized
rapidly in the liver and, thevefore, 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 hile
salts on this process in particular, it has been reported
(34, 55) that bile acids inhibit lipoprotein lipase. one of
the enzymes participating in the degradation of lipo-
proteins. We would 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 ahsorp-
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 15 similar to or identical with apolipo-
protein C remains to he answered.
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