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Abstract
Cholestatic liver diseases may be associated with increased 
plasmatic cholesterol due to an abnormal lipoprotein – lipo-
protein X (LpX). Correcting the underlying cause of cholesta-
sis is the critical treatment of LpX-associated hypercholester-
olemia without any proven benefit from conventional lipid-
lowering agents. In some situations, plasma exchange may 
apply to prevent associated complications, such as hypervis-
cosity syndrome. The authors present the case of a 44-year-
old man with orbital inflammatory pseudotumor on pred-
nisolone, admitted due to hepatocellular and cholestatic  
lesion and severe hypercholesterolemia. Laboratory investi-
gation established that hepatitis E virus was responsible for 
liver injury and showed that LpX mediated the severe hyper-
cholesterolemia. Reduction of the immunosuppressive load 
contributed to virus clearance. The consequent resolution of 
cholestasis and cholesterol removal by plasmapheresis al-
lowed lipid profile normalization. The authors report the first 
case of LpX-associated hypercholesterolemia in a patient 
with hepatitis E-induced cholestasis and revisit the role of 
the liver in lipid metabolism. © 2022 The Author(s). 

Published by S. Karger AG, Basel

Hipercolesterolemia grave mediada por lipoproteína 
X em doente imunossuprimido: caso clínico

Palavras Chave
Lipoproteína-X · Hipercolesterolemia · Hepatite E

Resumo
As doenças hepáticas colestáticas podem associar-se a 
um aumento do colesterol à custa de uma lipoproteína 
anómala, a lipoproteína X (LpX). Os agentes hipolipemi-
antes convencionais não apresentam benefício nesta en-
tidade, pelo que o tratamento da hipercolesterolemia as-
sociada de LpX baseia-se na correção da causa subjacente 
da colestase. A plasmaferese pode ser necessária para evi-
tar complicações, como a síndrome de hiperviscosidade. 
Os autores apresentam o caso de um homem de 44 anos 
com antecedentes de pseudotumor inflamatório da ór-
bita sob prednisolona, admitido por lesão hepatocelular 
e colestática e hipercolesterolemia grave. A investigação 
laboratorial permitiu estabelecer a hepatite E aguda como 
responsável da lesão hepática e mostrou que a hiper-
colesterolemia grave foi mediada pela LpX. A redução da 
carga imunossupressora facilitou a eliminação do vírus da 
hepatite E. A consequente resolução da colestase coadju-
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vada pela remoção de colesterol por plasmaferese, permi-
tiu a normalização mantida do perfil lipídico. Os autores 
relatam o primeiro caso de hipercolesterolemia associada 
a LpX em contexto de colestase induzida pelo vírus da 
hepatite E, e revisitam a importância do fígado no me-
tabolismo dos lípidos. © 2022 The Author(s). 

Published by S. Karger AG, Basel

Introduction

Hypercholesterolemia is a common finding in clinical 
practice. However, few conditions are associated with to-
tal cholesterol (TC) values greater than 1,000 mg/dL, pri-
marily in patients with homozygous familial hypercho-
lesterolemia and family lecithin acyltransferase deficien-
cy [1, 2]. As the liver plays a pivotal role in lipid and 
lipoprotein metabolism, cholestatic liver diseases are as-
sociated with high levels of an abnormal lipoprotein with 
a density similar to very-low-density lipoprotein and low-
density lipoprotein but different composition, the lipo-
protein X (LpX) [3]. Recognition of this entity is of ut-
most importance as lipid-lowering agents are ineffective, 
and definitive treatment requires correcting the underly-
ing cause of cholestasis [4].

Case Presentation

A 44-year-old Caucasian male was admitted to our gastroenter-
ology department due to a 1-week clinical picture of jaundice, chol-
uria, asthenia, and anorexia. He denied fever, abdominal pain, pru-
ritus, weight loss, nausea, and vomiting. His medical history was 

remarkable for orbital inflammatory pseudotumor treated with 
prednisolone (60 mg/day) in the last 3 years. He has no family his-
tory of early-onset coronary artery disease or hyperlipidemia. 
Three months prior, his routine workup showed regular lipid pan-
el and liver enzymology (shown in Table 1). There was no relevant 
epidemiological background, such as recent travel and eating un-
cooked meat. The patient denied alcohol or drug consumption. The 
physical exam only revealed jaundice; the remaining examination 
excluded encephalopathy, ascites, xanthelasma, or xanthomas.

Initial blood investigations revealed elevated hepatic enzymes 
displaying a mixed pattern (ALT >15 times and ALP > four times 
the upper limit of the reference range; with R factor 4.5) and severe 
hypercholesterolemia (TC >1,000 mg/day) (shown in Table  1). 
Blood counts, albumin, glycemia, and coagulation tests were un-
remarkable. Abdominal computed tomography excluded biliary 

Table 1. Evolution of laboratory results over the time

Test (units) [normal range] 3 M before Admission Day 6 Day 7 Day 9 Discharge 
day 16

Day 28 6 M

Prednisolone, mg/day 60 60 50 PLASMA EXCHANGE 45 40 25 10
AST (U/L) [5–34] 22 131 164 152 61 32 33
ALT (U/L) [<55] 32 619 616 422 53 46 50
GGT (U/L) [12–64] – 329 249 250 148 100 65
ALP (U/L) [40–150] 72 480 319 239 133 121 120
TBil (mg/dL) [<1.2] 0.86 18.03 16.76 13.47 2.90 0.9 0.81
CBil (mg/dL) [<0.5] – 11.65 12.03 11.09 0.98 0.4 0.5
TC (mg/dL) [<200] 176 1,159 1,259 322 170 174 150
HEV lgM/IgG – +/− – – – – −/+
Viral load HEV – Detectable – – – – Undetectable

M, months; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gama glutamiltransferase; ALP, alkaline phosphatase; TBil, total 
bilirubin; CBil, conjugated bilirubin; TC, total cholesterol; HEV, hepatitis E virus.

Fig. 1. Lipid electrophoresis: application point corresponds to the 
fraction with low protein content.
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obstruction. Moreover, the diagnostic workup showed acute hepa-
titis E virus (HEV) features, excluding the remaining viral and au-
toimmune etiologies (shown in Table 2). A percutaneous liver bi-
opsy denoted cholestasis, mixed lobular inflammatory infiltrate, 
and focal hepatocellular necrosis. We decided to taper predniso-
lone with close ophthalmologic surveillance; we did not start anti-
lipemic medications.

Further investigation of the hyperlipidemia ruled out hypothy-
roidism and nephrotic syndrome (shown in Table 2), and we ex-
cluded primary causes due to the new onset and the absence of 
family history. We hypothesized hypercholesterolemia secondary 
to LpX due to cholestatic viral hepatitis. This diagnosis was sup-
ported by TC elevation without proportional elevation of apolipo-
protein B (ApoB) and a calculated LDL cholesterol higher than 
measured (shown in Table 2). A nonquantitative fasting lipopro-
tein electrophoresis showed a band at the application site with slow 
migration, suggesting the presence of low density and protein frac-
tion, such as Lp-X (Fig. 1).

Given the persistently high lipid levels, which could trigger 
complications related to hyperviscosity syndrome, the patient un-
derwent plasma exchange, with a marked decrease in plasmatic 
cholesterol (shown in Table 1), after one single session. Along with 
the tapering of corticosteroids, we observed a favorable clinical 
course, with a complete resolution of liver tests (shown in Table 1). 

No new ophthalmological alterations were detected, the lipid pro-
file remained normal (without anti-lipemic drugs), and we exclud-
ed chronic HEV infection.

Discussion

The liver is a critical organ in lipid and lipoprotein me-
tabolism. In 1969, Seidel et al. [5] described for the first 
time a lipoprotein rich in phospholipid and free choles-
terol in patients with cholestasis; due to its unknown ori-
gin, it was denominated as Lp-X. LpX is an abnormal li-
poprotein with a density similar to very-low-density lipo-
protein and LDL but different lipid and apolipoprotein 
compositions [3, 5, 6]. It is rich in phospholipids and free 
cholesterol (80–90%) and poor in cholesterol esters 
(<5%), triglycerides, and proteins. Unlike LDL, it con-
tains albumin dissolved in its aqueous core. The apolipo-
proteins encountered on its surface comprise Apo AI, E, 
and C, although never ApoB [3, 5, 6].

Table 2. Additional laboratory workup

Laboratory workup (units) [normal range]

Hepatitis etiology HAV IgM/IgG (−, +)
HBV AgHBs/anti-HBc/anti-HBs (−, −, +)
Anti-HCV (−)
HEV IgM/IgG/RNA HEV (+, −, detectable)
CMV IgM/IgG (−, −)
EBV IgM/IgG (−, −)
HSV 1/2 IgM/IgG (−, −)
IgG (mg/dL) [700–1,600] 710
IgM (mg/dL) [40–230] 70
ANA Negative
Anti-LKM1 Negative
ASMA Negative
AMA Negative

Lipid panel TC (mg/dL) [<200] 1,159
LDL measured/calculated (mg/dL) [<100] 579/992
HDL cholesterol (mg/dL) [>60] 18
Triglycerides (mg/dL) [<150] 312
ApoB (mg/dL) [Normal <130] 122

Additional investigation TSH (mU/L) [0.5–5] 2.2
Urinalysis Hematuria or proteinuria

HAV, hepatitis A virus; HBV, hepatitis B virus; AgHbs, antigen hepatitis b surface; Anti-HBc, hepatitis B core 
antibody; Anti-HBs, hepatitis B surface antibody; HCV, hepatitis C virus; HEV, hepatitis E virus; RNA, ribonucleic acid; 
CMV, cytomegalovirus; EBV, Epstein-Barr virus; HSV 1/2, herpes simplex virus 1/2; Ig, immunoglobulin; ANA, 
antinuclear antibodies; LKM1, liver kidney microsome type-1; ASMA, smooth-muscle antibody; AMA, 
antimitochondrial antibodies; LDL, low-density-lipoprotein cholesterol; HDL, high-density-lipoprotein cholesterol; 
TSH, thyroid-stimulating hormone.
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The pathogenesis is poorly understood. Biologically, 
cholesterol is eliminated by conversion to bile acids [3]; 
however, when biliary stasis develops, there is progressive 
retention of bile salts in hepatocytes, which stops the pro-
duction of new bile acids accumulating cholesterol within 
the liver cells [3, 7, 8]. Subsequently, there is a reflux of 
cholesterol into the circulation [4]. LpX is associated with 
cholestatic liver diseases, including primary biliary chol-
angitis [4], bile duct obstruction, graft versus host disease 
in liver transplant recipients [9], deficiency of lecithin ac-
yltransferase enzyme [1], granulomatous hepatitis [10], 
and other causes of hepatitis [11].

HEV infection is considered one of the common causes 
of acute fecal-oral-transmitted hepatitis in developing 
countries [12]. Still, in developed countries, HEV is esti-
mated to account for less than 1% of cases of acute viral 
hepatitis despite being an often-overlooked cause. Evi-
dence suggests that autochthonous transmission is zoo-
notic due to undercooked pigs and deer [13, 14]. HEV has 
an incubation period of 3–8 weeks, followed by a prodro-
mal phase and acute icteric hepatitis lasting for days to 
several weeks. Acute HEV is usually clinically silent [13]. 
Marked cholestatic hepatitis with persistent jaundice and 
elevation of serum alkaline phosphatase is uncommon. In 
immunocompromized patients, anti-HEV IgM may be 
falsely negative; therefore, the gold standard for diagnos-
ing acute HEV is the detection of HEV RNA in biological 
samples [13]. Acute HEV infection is usually self-limiting 
in immunocompetent patients and requires only support-
ive treatment. However, in immunocompromized pa-
tients, primarily reported in solid organ transplant recip-
ients [15], HEV may not be cleared spontaneously and 
causes chronic hepatitis. Reducing the dosage of immu-
nosuppressive therapy helps eliminate HEV [16, 17], so 
we reduced the immunosuppressive load with clinical 
improvement and no evolution to chronic HEV. Ribavi-
rin is the treatment of choice in chronic HEV (14).

Cholesterol values greater than 1,000 mg/dL may be 
encountered with the presence of the LpX fraction [7, 18]. 
Methods for its direct determination are poorly available 
in conventional laboratories [18], so knowledge about the 
composition of this lipoprotein may be helpful in diagno-
sis. LpX does not contain ApoB, so it is frequent to find 
an excessive elevation of TC that is not accompanied by a 
proportional elevation of ApoB (increased TC/ApoB ra-
tio) [4], as in our patient. A discrepancy between LDL-C 
calculated by the Friedewald formula and measured sup-
ports the presence of LpX [3, 4, 18]. In our patient, the 
calculated LDL cholesterol was 992.8 mg/dL, whereas the 
measured one was 579 mg/dL; this is because LpX inter-

feres with the precipitation of chylomicrons, preventing 
their correct measurement. Demonstrating the presence 
of LpX can be done by lipoprotein electrophoresis using 
a commercially available kit [4, 18]; a low protein fraction 
may exist near the application point [18], as we observed 
in our case patient. Other alternative techniques for LpX 
determination have also been described, for example, 
agarose electrophoresis, non-denaturing polyacrylamide 
gradient gel electrophoresis, and nuclear magnetic reso-
nance spectroscopy [18].

Apo-B’s absence results in LpX uptake by hepatocytes 
instead of macrophages, so liver dysfunction drives lower 
clear-up LpX from the plasma. Therefore, correction of 
the underlying cause is pivotal. Lipid-lowering agents 
such as statin and ezetimibe will not affect cholesterol lev-
els in this setting and carry potential toxicity [4]. Lipopro-
tein apheresis is a temporary measure usually reserved for 
complications such as hyperviscosity syndrome, xantho-
mata, and cholesteroloma [4, 18, 19] when underlying 
cause resolution is not feasible or inadequate. The benefit 
appears to be greater with plasmapheresis than with lipo-
protein apheresis [20]. Given that our patient had persis-
tently high cholesterol levels and the high immunosup-
pressive burden delayed the resolution of the cause of 
cholestasis (lower viral clearance of HEV), he successful-
ly and safely underwent plasmapheresis.

Thus, considering our case report, in routine practice, 
abnormalities in the lipid panel should raise suspicion 
about the presence of LpX, especially in patients with hy-
percholesterolemia and cholestasis. Recognizing this 
condition allows the correct therapeutic management 
and the prevention of complications. We describe the 
first case reported in the literature of LpX-associated hy-
percholesterolemia due to acute hepatitis E, responding 
to spontaneously eliminating HEV after weaning immu-
nosuppressive therapy, aided by concomitant plasma-
pheresis (one session).
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