Lipoprotein-X in Patients With Cirrhosis:
Its Relationship to Cholestasis and Hypercholesterolemia
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Lipoprotein-X (Lp-X) is an abnormal low-density lipopro-
tein frequently found in liver disease. It is regarded as the
most sensitive and specific biochemical parameter for the
diagnosis of intra- and extrahepatic cholestasis. Moreover,
Lp-X is supposed to contribute to the development of
hypercholesterolemiain cholestatic liver disease, because it
fails to inhibit denovocholesterol synthesis. This investiga-
tion will focus on the relationship between the presence of
Lp-X and serum lipid concentrations in cirrhosis. The
significance of Lp-X in the diagnosis of cholestasis, com-
pared with alkaline phosphatase (AP), ! -glutamyl transfer-
ase (GGT), and bilirubin levels, will be assessed as well.
The present cross-sectional study includes 212 patients
with histopathologically proven cirrhosis. The detection of
Lp-Xand the quantification of " -, #-, and pre—#-cholesterol
was based on agar gel electrophoresis and polyanion precipi-
tation. Forthe characterization of liver function, the concen-
trations of albumin and bilirubin, the activities of liver
enzymes, and coagulation times were assessed. In a sub-
group of 40 individuals, liver biopsies were re-evaluated to
confirm or exclude intrahepatic cholestasis. As a result,
there was no association between the appearance of Lp-X
and total cholesterol concentrations. While all patients with
Lp-X showed intrahepatic cholestasis (predictive value of
the positive test $ 1), only 16 of 28 patients with cholesta-
sis formed Lp-X (sensitivity $ 0.57). The activities of AP
and of GGT, as well as the concentrations of bilirubin, were
strongly elevated in most patients, with and without chole-
stasis. The predictive values of AP, GGT, and bilirubin were
0.77,0.69, and 0.74 for the positive test and 0.5, 0, and 0.6
for the negative test, respectively. We conclude that Lp-Xis
not related to hypercholesterolemia in cirrhosis. The posi-
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tive, but not the negative, Lp-X test has high predictive
value for the diagnosis of cholestasis in cirrhosis. The
biochemical parameters traditionally used for the assess-
ment of extrahepatic cholestasis, AP GGT, and bilirubin, do
not support the diagnosis ofintrahepatic cholestasis caused
by cirrhosis. (HEpATOLOGY 1998;28:1199-1205.)

Lipoprotein-X (Lp-X), an abnormal low-density lipopro-
tein, is present in patients with intra- or extrahepatic chole-
stasis,!3 in patients with familial lecithin:cholesterol acyl-
transferase (LCAT) deficiency,*> and in newborn infants with
immature liver function.® Lp-X is a lamellar particle of 30 to
70 nm in diameter as revealed by electron microscopy. It is
characterized by its high content of phospholipids (66% by
weight) and unesterified cholesterol (22%), and its low
content of proteins (6%), cholesterol esters (3%), and triglyc-
erides (3%).” The protein component is dominated by albu-
min, located in the core, and by apolipoprotein C, located on
the surface of the particle.® Using zonal ultracentrifugation,
Lp-X can be divided into three distinct populations: Lp-X,
Lp-X,, and Lp-X;, differing in density and apolipoprotein
composition.® Unlike all other lipoproteins, Lp-X migrates to
the cathode on agar gel electrophoresis.”

The pathogenesis of Lp-X in cholestasis is not totally
resolved. Normally, the liver excretes lipoprotein complexes
into the bile showing phospholipid and unesterified choles-
terol concentrations similar to Lp-X. The in vitro incubation
of these bile lipoproteins with serum or albumin leads to the
appearance of Lp-X-like particles.!® These findings suggest
that the reflux of bile into the plasma compartment causes the
formation of Lp-X in cholestasis as a result of a physicochemi-
cal, nonmetabolic process. On the other hand, Lp-X particles
found in familial LCAT deficiency are identical to those in
cholestasis regarding ultrastructure and biochemical compo-
sition. Thus, it has been supposed that reduced LCAT
activities, common in patients with hepatocellular disease,!!
cause, alone or in combination with other factors, the
formation of Lp-X in cholestasis.!? Lp-X is mainly removed by
the reticuloendothelial system of the liver and the spleen, as
shown by studies using radioactively labeled Lp-X in rats.!3
Other organs, such as the kidney, also actively clear Lp-X
from the plasma.'

The presence of Lp-X in liver disease is of marked clinical
importance, because its detection is regarded as the most
sensitive and specific biochemical marker of cholestasis.!
Furthermore, Lp-X may play a crucial role in the develop-
ment of cholestatic hypercholesterolemia, because it fails to
inhibit hepatic de novo cholesterol synthesis in vitro and in
vivo.13.15.16
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TaBLE 1. Lipid Status, Liver Function, and Child Classes in Patients With Histopathologically Confirmed Cirrhosis

Viral % Toxic
All Patients Cirrhosis Biliary Cirrhosis

Lp-X Neg. Lp-X Pos. Lp-X Neg. Lp-X Pos. Lp-X Neg. Lp-X Pos.

(n$ 136) (n$ 76) (n$ 93) (n$ 31) (n$ 10) (n'$ 30)
Cholesterol (mmol/L) 44 *15 55%40 42 *1.5 39+ 14 63 +22 7.5*55
Triglycerides (mmol/L) 1.0 = 0.5 1.4 = 0.9% 09 *+04 1.3 = 0.8+ 1.2 *+0.6 14 *=0.8
B-Cholesterol (mmol/L) 3.0+ 1.3 4.0 +2.3% 28*13 3012 49+ 1.7 52*29
a-Cholesterol (mmol/L) 1.1 £0.5 0.9 = 0.9% 1.1 £0.5 0.7 £ 0.6% 1.1 £0.7 1.2+12
Pre—B-cholesterol (mmol/L) 02*+04 0.6 = 2.0*% 02*+0.2 0.2 +0.1 03*+04 1.1 =32
AP (U/L) 296 *+ 243 621 + 481% 242 + 107 321 = 186 900 =+ 506 781 + 385
GGT (U/L) 70 = 81 174 £ 204% 54 + 44 89 *+ 667 206 * 216 224 * 181
Bilirubin (pmol/L) 59 =93 124 = 139% 62 £ 107 95 * 108+ 68 = 52 130 = 145
Albumin (g/L) 316 31+7 306 287 29 £ 4 33+7
Cholinesterase (kU/L) 20*1.2 1.9*+12 1.8 = 1.1 1.3 = 0.5* 21 %10 26+ 1.3
Partial thromboplastin time (s) 49 = 16* 45 = 12 50 £ 16 50 = 14 42 =13 40+ 9
Prothrombin time (%) 61 + 18%* 68 + 22 59 =17 59 =19 81 =18 78 =20
Child A (%) 12 11 7 4 12 14
Child B (%) 53 58 56 46 38 68
Child C (%) 35 31 37 50 50 18

NOTE. Data are presented as means = SD.

Abbreviations: Lp-X neg., lipoprotein-X test negative; Lp-X pos., lipoprotein-

X test positive.

*Statistically significant difference between patients with positive and negative Lp-X test, Mann-Whitney U test, P < .05; P < .01; £P < .001.

The present cross-sectional study was performed to investi-
gate the appearance of Lp-X and its correlation to clinical and
biochemical findings in a large cohort of patients with
biopsy-proven cirrhosis. Special attention will be paid to the
value of Lp-X in the diagnosis and exclusion of intrahepatic
cholestasis and to the relationship between Lp-X and hyper-
cholesterolemia in cirrhosis.

PATIENTS AND METHODS

In this cross-sectional study, 212 patients with histopathologi-
cally diagnosed cirrhosis were included (108 females [51%]; mean
age, 45 * 13 years). These patients were admitted to Hannover
Medical School as potential candidates for liver transplantation
between October 1984 and July 1992. The etiology of cirrhosis was
as follows: viral hepatitis (43%), toxic hepatitis (16%), biliary
diseases (19%), and Budd-Chiari syndrome (4%). Cryptogenic
cirrhosis was diagnosed in 5%. According to the Child-Pugh
classification,!” 11% of all individuals were in Child class A, 55%
were in class B, and 34% were in class C, indicating the worst

Concentration (mmol/l)

prognosis. The mean body-mass index was 23 * 4 kg/m2. Seventy-
four percent of all patients received diuretics (thiacide alone: 2%,
furosemide alone: 3%, spironolactone alone: 25%, spironolactone
plus thiacide: 12%, spironolactone plus furosemide: 32%), 57%
received lactulose, and 28% received neomycin.

All patients gave informed written consent to participate in this
investigation, which was reviewed and approved by the Ethical
Committee of Hannover Medical School.

Lipid Status. After an overnight fast, blood was collected and
analyzed immediately. The sera of all patients were tested for Lp-X
using agar gel electrophoresis and polyanion precipitation (Lp-X
Rapidophor All In, Immuno, Heidelburg, Germany).'$!° In the
special agar used in this test kit, Lp-X moves toward the cathode.
The concentration of Lp-X was assessed semiquantitatively compar-
ing the patient’s Lp-X band with that of a control serum (1, low; 2,
middle; 3, high concentration of Lp-X).

Serum cholesterol and triglyceride concentrations were deter-
mined by enzymatic procedures (cholesterol, CHOD-PAP test kit;
triglycerides, GPO-PAP test kit; both Boehringer Mannheim, Mann-
heim, Germany).

Fig. 1. Lipid concentrations in
patients with viral or toxic cirrhosis

(n = 124) and low (Lp-X = 1), middle
(Lp-X = 2), and high (Lp-X = 3)
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Fig. 2. Lipid concentrations in
patients with biliary cirrhosis (n = 2
40) and low (Lp-X = 1), middle
(Lp-X = 2), and high (Lp-X = 3)
concentrations of Lp-X. *Significant 0
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For the quantification of a-, 3-, and pre—(3-cholesterol, lipopro-
tein electrophoresis was performed on standard agar (Lipidophor All
In 12, Immuno).? After complete precipitation, lipoprotein bands
were quantified by photoelectrical densitometry (Elscript 1, Hirsch-
mann, Munich, Germany).?!

Biochemical Parameters. Activities of liver enzymes were deter-
mined photometrically using standard test kits for aspartate amino-
transferase (EC 2.6.1.1), alanine aminotransferase (EC 2.6.1.2),
glutamate dehydrogenase (EC 1.4.1.3), y-glutamyl transferase (GGT)
(EC 2.3.2.2), cholinesterase (EC 3.1.1.8) (all from Boehringer
Mannheim), and alkaline phosphatase (AP) (EC 3.1.3.1) (Merck,
Darmstadt, Germany). Serum albumin and bilirubin, as well as
partial thromboplastin time and prothrombin time, were measured
using standard methods.

Histopathology. In a subgroup of 40 individuals, slides from liver
biopsies were available. All specimens were re-evaluated by the same
experienced histopathologist (H.M.), who was unaware of the
patient’s laboratory findings. Slides were stained using hematoxylin-
eosin, trichrome, and Prussian blue. Cholestasis was diagnosed
when microscopically visible accumulation of bile pigments was
found in the cytoplasma of hepatic cells, in the bile canaliculi, or in
the interlobular bile ducts. The degree of cholestasis was assessed
semiquantitatively (1, slight; 2, moderate; 3, severe cholestasis).

Statistical Analysis. For statistical analysis, the SPSS for Windows
package (version 6.0.1, SPSS Inc., Chicago, IL) was employed. The
nonparametric Mann-Whitney U test was used for the comparison
of means, because many variables were skewed. For the comparison
of more than two groups, ANOVA was performed using Scheffé’s
test. For the analysis of frequencies, the x? test was employed. P <
.05 was regarded as indicating statistical significance. Sensitivity and
specificity,?? as well as the positive and negative predictive value,
were calculated.???* Data are presented as means = SD.

TaBLE 2. Results of Lp-X Tests in Patients With Histopathologically
Excluded or Confirmed Cholestasis

Cholestasis Cholestasis
Confirmed Excluded
Lp-X pos. 16 (100%) 0
57% 0%
Lp-X neg. 12 (50%) 12 (50%)
43% 100%
NOTE. n = 40.

Abbreviations: Lp-X neg., lipoprotein-X test negative; Lp-X pos., lipopro-
tein-X test positive.

Triglycerides

p -Cholesterol Pre-p-Cholesterol

o -Cholesterol

RESULTS

Analyzing all 212 patients involved in this study, those
with positive Lp-X test had significantly higher concentra-
tions of triglycerides, 3-, and pre—p-cholesterol, as well as
lower values of a-cholesterol, than those without detectable
Lp-X (Table 1). When considering only patients with viral or
toxic cirrhosis, those with a positive Lp-X test showed
increased concentrations of triglycerides and decreased con-
centrations of a-cholesterol compared with those without
detectable Lp-X. In patients with biliary disease, no signifi-
cant differences were seen between these two groups. Analyz-
ing only patients with viral or toxic cirrhosis and with a
positive Lp-X test, subjects with high concentrations of Lp-X
had significantly higher concentrations of triglycerides (Fig.
1). In patients with biliary cirrhosis and with high concentra-
tions of Lp-X, significantly increased concentrations of triglyc-
erides and of pre—3-cholesterol were found (Fig. 2).

In a subgroup of 40 patients with histopathologically
confirmed or excluded cholestasis, the detection of Lp-X
revealed high specificity and a high positive predictive value
(Table 2). All other biochemical markers tested in this study,
including AP and GGT, were of low sensitivity, specificity, and
predictive value for the diagnosis or exclusion of intrahepatic
cholestasis (Table 3). The distributions of activities of AP and
GGT in Lp-X—negative and —positive subjects are shown in
Figs. 3 and 4.

When only evaluating patients with histologically proven
cholestasis, those with a negative Lp-X test had significantly
higher concentrations of a-cholesterol compared with Lp-X

TaBLE 3. Diagnostic Value of Lp-X, AP, GGT, and Bilirubin in the
Diagnosis of Cholestasis in Cirrhosis

Predictive Value

Sensitivity Specificity Positive Negative
Lp-X 0.57 1 1 0.5
AP 0.82 0.42 0.77 0.5
GGT 0.96 0 0.69 0
Bilirubin 0.93 0.25 0.74 0.6

NOTE. n = 40. Cut-off value is the upper limit of the reference interval:
AP, 190 U/L; GGT, 18 U/L (women) and 28 U/L (men); bilirubin, 17 pmol/L.
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FiG. 3. Distribution of AP activi-
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test—positive subjects. A higher percentage of patients with-
out detectable Lp-X had slight or only hepatocellular accumu-
lation of bile pigments. All other measured biochemical
parameters and the distribution of Child classes did not show
significant differences between groups (Table 4).

DISCUSSION

Important results of this cross-sectional study investigating
212 patients with cirrhosis are: 1) the test for Lp-X is of high
specificity, but not sensitivity, and has a high positive predic-
tive value for the diagnosis of intrahepatic cholestasis in
cirrhosis; and 2) Lp-X is not related to the hypercholesterol-
emia in cirrhosis, neither of biliary nor of viral or toxic
etiology.

Lp-X is frequently found in patients with cirrhosis.!
Twenty-five percent of individuals with viral or toxic cirrhosis
evaluated in this study formed Lp-X, slightly less than in the
reports of Fellin et al.?’> (29%) and of Seidel et al.?¢ (34%). On
the other hand, it is a well-known fact that Lp-X is not
detectable in all patients with biliary cirrhosis. In 30 of 40
patients with biliary cirrhosis (75%), Lp-X was found in this

Number of patients

400 - 599

//
7

ties in patients with histopathologi-
cally excluded cholestasis (n = 12,
! ) and in patients with confirmed
cholestasis (n = 28, " ). Reference
interval: 40-190 U/L.

600 - 1199

investigation compared with 5 of 10 (50%)%’ and 12 of 17
(71%)?8 in prior reports.

The detection of Lp-X is regarded as the most sensitive and
specific test for the confirmation or exclusion of cholestasis.!
In different investigations, sensitivity and specificity ranged
from 1.00 to 0.82 and from 0.99 to 0.74, respectively.?26-29-35
All of these studies contain data from patients with various
liver or biliary diseases and with intra- or extrahepatic
cholestasis. Investigators reporting distinct Lp-X test results
and histopathological evaluation of cholestasis in patients
with cirrhosis found the following values for sensitivity and
specificity: 0.85 and 0.96, 0.93 and 1,% or 1 and 0.64,%
respectively. Unfortunately, the authors of these studies do
not provide a thorough characterization of their patient
populations. In particular, details about the etiology of the
cirrhosis, the severity of the disease, and the extent of
cholestasis are absent.

To correlate the results of the Lp-X test with the presence,
the degree, and the localization of cholestasis, histopathologi-
cal specimens of 40 patients were re-evaluated for this study.
Cholestasis was defined morphologically as accumulation of
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8 -
6 -
4 -
FiG. 4. Distribution of GGT ac-
tivities in patients with histopatho-
logically excluded cholestasis (n = 0
12, ! ), and in patients with con- 0-49
firmed cholestasis (n = 28, ") -
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TaBLE 4. Lipid Status, Liver Function, Degree and Localization
of Cholestasis, and Etiology of Cirrhosis in Patients With
Histopathologically Confirmed Cirrhosis and Cholestasis

Lp-X Neg. Lp-X Pos.
(n$ 12) (n'$ 16)

Cholesterol (mmol/L) 53+2.0 41*1.5
Triglycerides (mmol/L) 1.0+ 04 14 *=1.0
B-Cholesterol (mmol/L) 4.0+x1.7 33+ 1.1
a-Cholesterol (mmol/L) 1.1 £0.7 0.6 = 0.6*
Pre—3-Cholesterol (mmol/L) 0.2 =0.1 02=*=0.2
AP (U/L) 426 =259 336 =171
GGT (U/L) 107 £ 95 98 + 90
Total bilirubin (pmol/L) 92 = 118 112 £ 134
Albumin (g/L) 33+6 29+ 6
Cholinesterase (kU/L) 22+1.3 1.7 0.9
Partial thromboplastin time (s) 49 = 11 50 £ 13
Prothrombin time (%) 64 = 20 62 = 20
Child A 2 (17%) 2 (13%)
Child B 6 (50%) 8 (50%)
Child C 4 (33%) 6 (37%)
Degree of cholestasis

Slight 7 (58%) 4 (25%)

Moderate 3 (25%) 6 (37.5%)

Severe 2 (17%) 6 (37.5%)
Localization of cholestasis

Cytoplasma alone 8 (67%) 6 (38%)

Bile canaliculi alone 1 (8%) 0

Cytoplasma and bile canaliculi 2 (17%) 9 (56%)

Cytoplasma, bile canaliculi, and bile ducts 1 (8%) 1 (6%)
Etiology of cirrhosis

Viral cirrhosis 7 (58%) 9 (56%)

Toxic cirrhosis 1 (8%) 2 (13%)

Biliary cirrhosis 1 (8%) 5(31%)

Budd-Chiari syndrome 1 (8%) 0

Others 2 (18%) 0

NOTE. n = 28. Data are presented as means * SD.

Abbreviations: Lp-X neg., lipoprotein-X test negative; Lp-X pos., lipopro-
tein-X test positive.

*Statistically significant difference, Mann-Whitney U test, P < .05.

bile pigments in the hepatocytes or in the bile canaliculi.’-37
The results of our investigation differ from the quoted
reports, especially regarding the sensitivity of the Lp-X test.
In all our patients with a positive Lp-X test, intrahepatic

10 Number of patients

Fic. 5. Distribution of bilirubin
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cholestasis was detected by histopathological examination,
while all patients without cholestasis were Lp-X test—
negative. According to this, the predictive value of the
positive Lp-X test and the specificity are both 1 in our cohort.
On the other hand, only 16 of 28 patients (57%) with
confirmed cholestasis have a positive Lp-X test (sensitivity =
0.57).

There is no fully satisfying explanation for the low sensitiv-
ity of the Lp-X test in our population. The authors of the prior
studies used the same reliable method for the detection of
Lp-X, agar gel electrophoresis and polyanion precipitation, as
we did. Because of experimental evidence, the formation of
Lp-X is likely caused by regurgitation of biliary lipids,
excreted by the liver, into the plasma.'® When analyzing
patients with histopathologically proven cholestasis sepa-
rately, those with a negative Lp-X test were not characterized
by significantly decreased overall measures of liver synthesis
or excretion (Table 4). These results do not support the
hypothesis that the selected cohort involved in this study,
including many individuals with more severe liver failure,
might account for those patients with intrahepatic cholestasis
and a negative Lp-X test.

On the other hand, many of our patients with cholestasis
and with a negative Lp-X test had only slight (58%) or
hepatocellular accumulation of bile pigments (67%). This
observation suggests that the formation of Lp-X is correlated
with marked cholestasis not only in the hepatocyte, but also
in the biliary system. We suppose that the high percentage of
patients with slight or only hepatocellular bile accumulation
contributes to the lower sensitivity of the Lp-X test in our
study compared with earlier reports.

The traditional markers for cholestasis, AP and GGT
activities, as well as bilirubin levels, being of high diagnostic
value in patients without severe liver failure, were not
valuable to confirm or exclude cholestasis in our patients
with cirrhosis when the upper reference limit was used as the
cut-off value (Table 3). The analysis of AP and GGT activities
and of bilirubin concentrations revealed high levels in all
patients, with and without cholestasis (Figs. 3-5). This
substantial overlap makes us unable to define cut-off values
with increased diagnostic significance.

In this study, the traditional morphological definition of

concentrations in patients with his- 0
topathologically excluded cholesta-

sis (n = 12, ! ) and in patients with
confirmed cholestasis (n = 28, " ).
Reference interval: <17 pmol/L.

0-24

25-49 50-74 75 - 449

Concentration of bilirubin (umol/l)
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cholestasis, microscopically visible accumulation of bile pig-
ments in the liver, was employed.3®37 Alternatively, cholesta-
sis can be defined functionally as a decrease of bile flow, as
indicated by the elevation of conjugated bilirubin or bile
acids in the blood.?® To our knowledge, no studies have been
performed correlating the presence of Lp-X with markers of
functional cholestasis.

Hypercholesterolemia is a common complication of chole-
static liver disease.?® Nevertheless, the pathogenesis of the
disturbances in lipid and lipoprotein metabolism leading to
hypercholesterolemia in cholestasis is unresolved.'® In vivo
studies with rats and in vitro investigations of cultured human
cells indicate that Lp-X, unlike physiological low-density
lipoproteins, fails to inhibit the activity of hydroxymethylglu-
taryl coenzyme A reductase, the rate-limiting enzyme of
cholesterol synthesis.!>13>-16 These findings suggest that the
presence of Lp-X might contribute to hypercholesterolemia in
liver disease.

The data presented in this investigation do not support this
hypothesis. No significant increase of cholesterol concentra-
tions was found in Lp-X test—positive patients, neither in
biliary nor in viral or toxic cirrhosis (Table 1). Furthermore,
no significant relationship was seen between different concen-
trations of Lp-X and of cholesterol (Figs. 1 and 2). Because
the abnormalities of lipid and lipoprotein metabolism in
cirrhosis are related to the extent of liver failure,® we
separately assessed the severity of liver impairment in pa-
tients with and without detectable Lp-X. Patients with
detectable Lp-X, suffering from viral or toxic cirrhosis, had
significantly decreased activities of cholinesterase compared
with those without detectable Lp-X. All other biochemical
parameters of liver synthesis or the distribution of Child
classes were not significantly different between groups when
separately analyzing individuals with viral or toxic and with
biliary disease (Table 1). For this, it seems unlikely that the
cholesterol concentrations seen here were biased by different
stages of liver failure.

While the mechanisms leading to hypercholesterolemia
and to the formation of Lp-X in cholestasis cannot be defined
by this investigation, the evaluation of apolipoprotein concen-
trations and enzyme activities important for lipoprotein
metabolism may present an answer in future research.

Acknowledgment: The authors are indebted to Mechthild
Schwarze for guiding our patients through the liver transplan-
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performing LP-X and lipoprotein electrophoreses.
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