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In recent years it has been well documented that the
characteristic increase in plasma lipoproteins in pa-
tients with obstructive jaundice is the result of the
presence of a low-density lipoprotein (relative densi-
ty 1.006-1.063 g/ml) of abnormal composition and
properties. This abnormal lipoprotein has been des-
ignated “LP-X.”” The development of a simple immu-
nologic test system for determining LP-X provides
the basis for a new clinical chemical test that is of
use in the differential diagnosis of jaundice. In this
study, 2680 LP-X determinations were performed on
1481 subjects: 1309 patients with or without liver
disease, and 172 healthy volunteers. Statistical anal-
ysis of this series revealed a power of 0.99 and a
specifity of 0.98 to demonstrate or exclude cholesta-
sis. In this regard the new test is superior to other
blood-chemical assessments. It was never positive
in patients without liver disease. However, the LP-X
test alone is not adequate to distinguish between in-
trahepatic cholestasis and extrahepatic biliary ob-
struction.
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The liver is the major site of synthesis of plasma
lipoproteins. Because abnormal serum lipid patterns
are often associated with abnormal liver function, it
is reasonable to anticipate that liver disease will re-
sult in alterations of plasma lipoproteins. The best
known example is hypercholesterolemia and hyper-
phospholipidemia in patients with biliary obstruc-
tion or cholestasis. The increased serum cholesterol
in cases of obstructive jaundice is in the form of
unesterified cholesterol; thus, the percentage of
serum cholesterol present in esterified form is de-
creased, although in absolute amounts esterified
cholesterol concentrations usually remain normal as
long as liver function otherwise remains good. The
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increment in serum phospholipid concentration is
greater than that of cholesterol, resulting in a
cholesterol: phospholipid ratio that is characteristi-
cally low.

Recent studies (1-9) have well documented that
the characteristic elevation of unesterified cholesterol
and phospholipids in patients with obstructive jaun-
dice is the result of the presence of a low-density
lipoprotein (LDL)2 of abnormal composition and
properties. This abnormal plasma lipoprotein has
been designated ‘lipoprotein-X”’ (LP-X) (4). The
protein-lipid composition of the isolated LP-X is
unique: 6% protein, 66% phospholipids, 22% un-
esterified cholesterol, 3% cholesterol esters, and 3%
triglycerides (4). Among bile acids present in LP-X
(2-3% by wt), lithocholic acid, known to be hepato-
toxic, is present in relatively large amounts. The pro-
tein moiety of LP-X consists of a combination of 40%
albumin and 60% apolipoprotein C (6), the third
typical apolipoprotein (in addition to apo A and apo
B) present as major apolipoprotein of « - and 8-lipo-
proteins. With respect to the structure of LP-X and
to the structural relations of the proteins to the lip-
ids in this abnormal plasma lipoprotein, it has been
demonstrated that LP-X (S¢ value: 17) (5) appears as
a spherical particle 30.0-70.0 nm (7, 8)3 in diameter;
having a strong tendency to aggregate (see Figure 1);
and with a wall consisting of a phospholipid, choles-
terol, and apo C. The albumin portion of LP-X seems
to be masked in the core of the native particle (6, 8).3
It has been proposed (6),3 that the specific combina-
tion of apo C and albumin plays an important role in
maintaining the structural integrity of this lipopro-
tein particle characterized by a phospholipid:pro-
tein ratio of 11. One important characteristic feature
of LP-X is its electrophoretic mobility toward the

2Nonstandard abbreviations used: HDL, high-density lipopro-
teins, d 1.063-1.21 g/ml; LDL, low-density lipoproteins, d 1.006-
1.063 g/ml, St 0-20; VLDL, very-low-density lipoproteins, d 1.006
g/ml, S; >20; LP-X, abnormal lipoprotein characterizing cho-
lestasis and obstructive jaundice; apo A, major protein portion
of the a-lipoproteins; apo B, major protein portion of the 8-lipo-
proteins; apo C, major protein portion of the VLDL; LCAT, leci-
thin: cholesterol acyltransferase.
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cathode on agar gel and toward the anode on agarose
gel, starch gel, or paper electrophoresis (4, 6). This is
true for LP-X in whole plasma as well as for isolated
LP-X.

After a rapid and very sensitive immunologic test
system was introduced for determining LP-X in
whole plasma or serum (10) and because preliminary
screening tests (11)* indicated that the appearance
of LP-X is limited to those subjects with obstructive
jaundice or cholestasis (as determined by other lines
of evidence), we undertook this study to evaluate the
significance of the new test in the differential diag-
nosis of jaundice. This seemed very justified, because
all known biochemical tests that are supposed to
confirm or exclude cholestasis or obstructive jaun-
dice are not specific indices of liver disease or of par-
ticular lesions and may depart from the characteris-
tic pattern to such an extent as to be misleading in
diagnosis. Many such erroneous diagnoses are re-
corded in the literature.

Materials and Methods

A total of 2680 LP-X determinations were made
on the serum of 1481 subjects. Of these, 1309 ‘were
patients at the University Hospitals of the Universi-
ty of Heidelberg Medical School and at local hospi-
tals in the Heidelberg area, and 172 were healthy
voluntary donors of various ages, for whom liver dis-
ease was excluded by detailed history and determi-
nations of the serum transaminases (EC 2.6.1.1 and
2.6.1.2) and alkaline phosphatase (EC 3.1.3.1), and
in some instances by the determination of D-glu-
tamyl transferase (EC 2.3.2.1) activity.

Our data include, without further selection, all
cases presenting with an unequivocal diagnosis and,
in relation to special questions, all those in whom
histologic or other anatomical findings were avail-
able.

The LP-X test was performed as previously de-
scribed (10). The blood was usually drawn after an
overnight fast, allowed to clot, and the serum sepa-
rated by low-speed centrifugation. Immunoelectro-
phoresis was performed in a 1 g/100 ml “Bacto-
Agar” gel (Difco Labs., Detroit, Mich. 48232), with
use of barbital buffer (pH 8.6, 50 mmol/liter). The
agar-buffer mixture was boiled for 20 min in a water
bath, allowed to cool to 55°C, and 36 ml of the gel
was applied to one slide frame (LKB, Bromma, Swe-
den) for electrophoresis carrying six glass plates, 2.5
X 8 cm. Before electrophoresis the gel plates were
stored for at least 6 h in a moist chamber at room
temperature. A total of six antigen wells with a di-
ameter of 2.5 mm were punched (Figure 2) in each
slide (per frame, a total of 36) and about 10 ul of the
patients’ sera was applied. Electrophoresis was car-
ried out for 50 min in an LKB electrophoresis appa-

4Poley, J. R., Alaupovic, P., Seidel, D., and McConathy, W. J.,
Differential diagnosis between “neonatal hepatitis’” and extrahe-
patic biliary atresia in infants. 4th World Congress of Gastroen-
terology, Copenhagen, Denmark, 1970.
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Fig. 1. Size and shape of LP-X in comparison with normal
B-lipoprotein (B. Agostini and D. Seidel, Caratterizzazione,
struttura ed importanza diagnostica della lipoproteina
plasmatica abnorme—LP-X—di pazienti con ittero colo-
statico, Fegato, in press)

(Right) LP-X, 30.0-70.0 nm; (left) B-lipoprotein, 20.0-25.0 nm (150,000X)

Fig. 2. Immunoelectrophoretic patterns of whole serum
on 1% agar gel

P is LP-X positive sera of different patients with obstructive jaundice or
cholestasis; N is LP-X negative sera from various patients without cho-
lestasis. The rabbit anti-LP-X serum was applied on the gel surface after
running the electrophoresis

ratus, at a constant voltage of 8 V/cm. Immediately
after electrophoresis, the remaining liquid in the an-
tigen well was removed and about 10 ul of anti-LP-X
serum was applied to the gel surface at a distance of
3-5 mm toward the cathode to each antigen well.
The plates were then incubated for 3-5 h at 37°C in
a moist chamber, to develop the immunoprecipitin
reaction. When there is an immunoprecipitin reac-
tion to the left (toward the cathode) of the antigen
well, LP-X is positive (Figure 2, P). If this character-
istic precipitin reaction for LP-X is absent (Figure 2,
N), the LP-X test.is negative. The foggy spots to the
right (toward the anode) of the antigen well are non-
specific artifacts, and therefore have no diagnostic
significance. Incubation time is shorter, as compared
to the conventional immunoelectrophoresis tech-
nique, because diffusion distance between antiserum
and antigen is diminished to almost zero. In addi-
tion, and in contrast to conventional immunoelec-
trophoresis, the method described conserves antise-
rum and avoids an excess of antiserum, which may
be important for serum with an extremely low LP-X
concentration.

The specific rabbit antisera to LP-X we used were
prepared in this laboratory as described previously
(4), but antiserum to LP-X is now commercially
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available from Immuno Diagnostics, Industrie-
strasse, Vienna, Austria. The aminotransferases and
alkaline phosphatase were measured kinetically with
the LKB 8600 Enzyme-Analyzer, and bilirubin with
the AutoAnalyzer (Technicon Instruments Corp.,
Tarrytown, N.Y. 10591).

Results

Table 1 summarizes the results of the LP-X test in
the differential diagnosis of jaundice. The patients
are divided into three groups: those with anatomical-
ly proven biliary obstruction or cholestasis, those
without cholestasis excluded by histologic examina-
tion, and those without histologic examination or
with an uncertain histologic report. Although the re-
sult of the LP-X test was confirmed in most cases,
alkaline phosphatase activity was not abnormally
great in 11% of patients with cholestasis, and dis-
tinctly supranormal (>100 U/liter; upper normal
range: 48 U/liter) in 16% of the patients without
cholestasis as determined by anatomic lines of evi-
dence.

LP-X was positive in all 151 patients with extra-
hepatic biliary obstruction (Table 2). The nine pa-
tients with biliary atresia were infants, one to six
months old. It is noteworthy that the alkaline phos-
phatase activity in this group with extrahepatic ob-
struction was normal in 10% of cases and <100 U/
liter in 23% of cases. Alanine aminotransferase activ-
ity in this group of patients was increased to >50
U/liter (normal, up to 12 U/liter) in 48% of cases.
Ten to twelve days after successful operative relief of
biliary obstruction, we generally could no longer
demonstrate LP-X.

Histologic confirmation of the diagnosis was avail-
able in 90 of 166 cases with cirrhosis of the liver
(Table 2); the remaining 76 had clinically unequivo-
cal cirrhosis. In the group with histologically proven
cirrhosis, the LP-X test was positive in 28 of 30 cases
with intrahepatic stasis, and was always negative
when intrahepatic biliary stasis was excluded.

Histologic findings were available in 220 of 380
cases with unequivocal hepatitis (Table 2). The
LP-X test was positive in 5 of 101 cases in whom
cholestasis was excluded histologically. In all of these
LP-X positive cases, a diagnosis of biliary stasis was
excluded by blind (needle) liver biopsy. On the other
hand, the LP-X test was positive in 58 of 59 cases of
hepatitis with histologically proven cholestasis. Alto-
gether, 26% of the patients in the hepatitis group
were LP-X positive. The incidence of cholestasis as-
sociated with hepatitis ranges from 5% to more than
50% (12-14), the percentages appearing to vary in
different epidemics. Therefore, the figure of 26% pre-
sumably is representative of our own series only. It is
nevertheless remarkable that 65% of our patients
with hepatitis had supranormal alkaline phosphatase
activities.

In patients without liver disease the LP-X test was
invariably negative (Table 2). 90% of the patients
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Table 1. LP-X Test in the Differential Diagnosis
of Jaundice Resulting from Liver Dysfunction

LP-X
Diagnosis n + — " Alk. phosphatase
Cholestasis
Extrahepatic 151 151 0 not elevated
biliary obstruction (<45 U/liter)
in11%
Hepatitis with 59 58 1
cholestasis
Cirrhosis with 30 28 2
cholestasis
Tumor of the liver 26 - 26 0 moderate eleva-
tion (45-100
U/liter) in 25%
Fatty liver with 3 3 0
cholestasis
Drug-induced liver 3 3 0 distinctly elevated
dysfunction with (>100 U /liter)
cholestasis in 64%
Other forms of 8 8 0
intrahepatic
cholestasis
Totals 280 277 3
No cholestasis
Hepatitis without 161 5 156 not elevated

cholestasis (<45 U liter)
in 45%
Cirrhosis without 60 0 60
cholestasis
Fatty liver without 41 2 39 moderate eleva-
cholestasis " tion (45-100
U/liter) in 39%
Drug-induced liver 5 0 5
dysfunction without
- cholestasis
Other forms of 10 2 8 distinctly elevated
liver dysfunction (>100 U/liter)
without in 16%
cholestasis
Totals 277 9 269
No histologic data
Hepatitis 148 81 67
Cirrhosis - 76 28 48
Others 26 719
Histologic results 12 3 9
uncertain

with hemolytic jaundice were newborns. The alkaline
phosphatase activity was elevated in 35% of these
patients without liver disease. If one subtracts the
172 healthy volunteers, every second subject in this
group had an abnormally high alkaline phosphatase
activity.

Statistical analysis (fourfold x2 test) for the signif-
icance of the LP-X test to demonstrate or exclude
cholestasis was performed on the group on whom the
diagnosis was confirmed by anatomic lines of evi-
dence. It revealed a power of 0.99 and a specifity of
0.98. No other conventional blood chemical test was
found to be as sensitive or specific. As examples, re-
sults of the analysis of variance are presented on ran-



Table 2. Results of LP-X Test in Normal Persons
and in Patients with Liver or Other Disease
Extrahepatic Biliary Obstruction

LP-X
Diagnosis n - +
Stone 99 99 0
Tumor 38 38 0
Stenosis of the bile duct 5 5 0
Atresia of the bile duct 9 9 0
151 151 0
Cirrhosis of the Liver
LP-X
Diagnosis n + -
Prim. biliary cirrhosis 16 15
Cirrhosis with cholestasis 14 13 1
Cirrhosis without cholestasis 60 0 60

‘Subtotals 90 28 62
No histology 76 28 48

Totals 166 56 110

Hepatitis
LP-X
Diagnosis n + -
Acute hepatitis without 67 3 64
cholestasis
Chronic hepatitis without 94 2 92
cholestasis
Acute hepatitis with cholestasis 38 37 1
Chronic hepatitis with cholestasis 21 21 0
Subtotals 220 63 157
Histology uncertain 12 3 9
No histology 148 81 67

Totals 380 147 233

Patients without Liver Disease

LP-X
Diagnosis n + -

Hemolytic anemia 94 0 94
Heart diseases 85 0 85
Metabolic diseases 81 0 81
Gastrointestinal dis. 32 0 32
Lung diseases 28 0 28
Kidney diseases 13 0 13
Infectious diseases 33 0 33
Skeletal diseases 9 0 9
Others 115 0 115
Healthy controls 172 0 172

662 0 662

domized groups of 17 subjects for alkaline phospha-
tase (Figure 3a), for alanine transaminase (Figure
3b), and for bilirubin (Figure 3c¢) with a confidence
interval of o = 0.95. The overlap of the confidence
intervals shows that it is not possible to distinguish
between cholestasis and noncholestasis by using one
of these assays as the criterion.

Table 3 includes all cases in which the diagnosis
was unequivocal on the basis of a histologic or other
anatomic evidence and in which the results of the
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Fig. 3 (a-c). Results of a one way analysis of variance

{(model 1; according to R. A. Fisher: Statistical methods

for research workers, Oliver and Boyd Ltd., Edinburgh,

1958) on randomized groups (n = 17; confidence inter-

val, 0.95). All determinations on these patients, including

the determination of LP-X, were performed on the same

day

| = extrahepatic biliary obstruction VI = patients without liver disease
Il = hepatitis with cholestasis VIl = heart patients

Il = cirrhosis with cholestasis VIl = healthy controls
IV = hepatitis without cholestasis a = alkaline phosphatase
V = cirrhosis without cholestasis b = alanine aminotransferase

¢ = bilirubin
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Table 3. Divergent Results of the Alkaline
Phosphatase Determination and the LP-X Test

A. LP-X test negative—alk. phos. activity distinctly
supranormal (> 100 U /liter)

Diagnosis No. patients
Hepatitis without cholestasis 14
Cirrhosis without cholestasis 13
Fatty liver without cholestasis 10
Other forms of liver dysfunction 7

without cholestasis
Patients without liver disease 52

Total 96

B. LP-X test positive—alk. phos. activity not supranormal

(<48 U/liter)

Diagnosis No. patients
Extrahepatic biliary obstruction 9
Hepatitis with cholestasis 8
Chronic hepatitis without cholestasis 1
Cirrhosis with cholestasis 3
Drug-induced intrahepatic biliary 3

obstruction
Other forms of intrahepatic biliary 7
obstruction

Total 31

LP-X test and the alkaline phosphatase test were
discordant. This comparison illustrates the clinical
value of the LP-X test in cases in which alkaline
phosphatase activity alone could have led to an erro-
neous diagnosis.

Discussion

Because of improved techniques for isolating and
characterizing plasma lipoproteins, efforts have
been made to define more precisely the nature of
serum lipid disturbance in liver disease.

Besides alterations in the serum HDL and VLDL

-(15) in severe liver disease, one characteristic feature
of lipoprotein disturbance is the formation of an ab-
normal LDL, designated LP-X, in patients with cho-
lestasis or extrahepatic biliary obstruction (1-11).3

The unique physicochemical properties of LP-X

that cause its abnormal electrophoretic mobility on
agar-gel made possible a new immunologic test sys-
tem for its easy determination.

Because LP-X was never found in healthy subjects
and because there was no biochemical parameter
available to demonstrate or exclude cholestasis spe-
cifically, efforts to prove the clinical relevance of this
new test in the differential diagnosis of jaundice were
justified.

Our results strongly indicate a high power and
specifity of this test in demonstrating or excluding
cholestasis. In this regard, the new test is superior to
all known blood chemical tests. Note that the LP-X
test was positive in all cases with extrahepatic bil-
iary obstruction, even though some cases had normal
alkaline phosphatase activities. Conversely, negative
results for the LP-X test in association with a dis-
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tinctly increased alkaline-phosphatase are also of
great clinical value. None of 96 subjects with these
findings had histologic or other anatomic evidence of
cholestasis. An operation thus seems to be indicated
only when the LP-X test is positive. However, the
test will not distinguish between intrahepatic choles-
tasis and extrahepatic biliary obstruction. This was
not to be expected, because the most likely cause of
LP-X in the plasma of patients with obstructive
jaundice is a complicated secondary metabolic dis-
turbance, which probably is independent of the actu-
al site of biliary obstruction but on which the liver
plays a central role. The precise nature of the factors
responsible for the formation of lipoprotein-X is still
unknown.

Of particular interest in this regard are results on
the characterization of the plasma lipoproteins in
patients with familial LCAT deficiency. Patients
suffering this rare metabolic disease also show lipo-
proteins very similar to LP-X (16)3, although no ob-
vious signs of liver dysfunction are apparent in these
patients. Because patients with various forms of liver
disease also show decreased concentrations of the
LCAT enzyme (17-22), several disturbances seem to
be responsible for the described alterations of lipid
metabolism. However, the possibility that patients
with familial LCAT deficiency also suffer some sort
of liver dysfunction on a molecular (enzymatic) level
will have to be carefully excluded. From a clinical
chemical point of view, it is of interest that a com-
bined determination of the herein described LP-X
test and the determination of the LCAT enzyme in
patients with liver disease indicated the possibility of
differentiating not only between obstructive and
nonobstructive jaundice, but also between extra-
hepatic biliary obstruction and intrahepatic choles-
tasis (22). This correlation does not hold for the LCAT
determination in combination with any other blood
chemical determination.

The statistical analysis was kindly performed by Professor Dr.
H. Immich, Dept. of Statistics and Medical Documentation, Uni-
versity of Heidelberg. This work was supported by grants from
the Deutsche Forschungsgemeinschaft.
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