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Structure and Molecular Composition of Lipoprotein X
Lipoprotein X (LP-X) is an abnormal serum lipoprotein originating in several 

diseased conditions. It is a sub-fraction of low density lipoproteins (LDL), which 
does not react with antiserum against normal serum [86,105]. LP-X is a lamellar 
spherical particle with mean diameter 69 nm (range 40 to 100 nm) as revealed by 
electron microscopy, that aggregates strongly [33,47,90]. Compared to other lipo
proteins LP-X particles are rich in phospholipids (60-67%) and cholesterol (23- 
30%) but poor in cholesterol esters (0.5-2%), triglycerides (2-3%), and protein (3- 
7%) [25,37,68,90]. The following phospholipids are mainly presented in LP-X. 
lysophosphatidylcholine (4.1%), sphingomyelin (14.2%), phosphatidylcholine 
(77.5%), and phosphatidylethanolamine (2.5%) [92]. Bile acids are also often 
present in LPX, among which lithocholic acid is the major component [66]. The 
protein component of LP-X is dominated by albumin located in core 
and apolipoprotein С (I, II and III) located on the surface of the particle [34, 71 ].

Albumin contains 40% of total protein components of LP-X. It is located in 
the internal water compartment of LP-X covered by lipids and becomes visible 
only after complete delipidation of LP-X. [11,96]. The role of this protein relevant 
to LP-X is not clear, however it has been shown that albumin is required for bind
ing to LP-X cholesterol metabolizing enzymes [68]. It has been shown that addi
tion of albumin to bile lipoprotein converts it to LP-X. This may offer possible 
explanation on the origin of LP-X [57].

Apolipoprotein C was discovered in 1964 by Gustafson and co-workers 
[32], who separated this apolipoprotein from partially dilapidated very low density 
lipoproteins (VLDL). It was characterized by a high capacity for lipid binding, 
immunochemical properties, and peptide patterns different from other plasma 
apolipoproteins, and by serine and threonine as N-terminal amino acids [32]. Later, 
apolipoprotein C was isolated from chyled VLDL [1] and from all lipoprotein classes 
from plasma of healthy subjects [2]. Apolipoprotein C has the same common to 
other apolipoproteins structural feature-domain containing amphipathic helix. Hy
drophobic amino acids are located at one side of the helix, and hydrophilic amino 
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acids at the other side. The hydrophobic part of the helix is thought to interact with 
acyl chains of phospholipids, whereas hydrophilic part interacts with phospholipid 
hydrophilic groups. Immunochemical analysis of apolipoprotein C has shown that 
the protein moiety consists of at least three antigenic determinants [49]. There are 
identified three distinct classes of this apolipoprotein, Cl, C2 and C3, which are 
encoded by different genes [52, 77] and differ in signal peptide amino acid se
quence [49]. Cl and C2 are encoded by gene located on chromosome 19, and C3 
is encoded by gene located on chromosome 11. [52,77]. The major function of the 
apolipoprotein C as well as other apolipoproteins is maintaining of lipoprotein stability, 
binding and transportation of lipids in the blood stream [85].

Fig 1 demonstrates schematic structure of LP-X. In tables 1—3 the molecu
lar composition and apolipoprotein content of LP-X in comparison to other lipopro
teins are presented.

Hydroxylapatite chromatography revealed that LP-X has a higher molecu
lar weight compared to LDL [108]. In addition, proton magnetic resonance studies 
showed motion of acyl chains and/or cholesterol rings much more restricted in LP- 
X compared to its normal counterpart (LDL) [10]. One important characteristic 
feature of LP-X is its mobility toward the cathode on agar-gel electrophoresis 
[91]. This phenomenon is not the result of a positive charge on the particle at pH 
8.6, but of a pronounced electro-endosmosis in this medium, which strongly affects 
the migration of this rather large particle with its relatively small protein component 
[33,95].

Using zonal ultracentrifugation, LP-X can be divided into three isoforms. 
LP-X1, LP-X2, and LP-X3, differing in density, phospholipid content and 
apolipoprotein composition [77]. In addition to apolipoprotein C, LP-X2, and LP- 
X3 also contain apolipoprotein Al and apolipoprotein E, absent in LP-X 1 [77].

Figure 1. Schematic structure of LP-X
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Table 1. Molecular composition of lipoproteins

Class
Diameter 

(nm)

Protein 

(%)

Cholesterol 

(%)

Phospholipid

(%)

Triacylglycerol 

(%)

HDL 5-15 33 30 29 8

LDL 18-28 25 50 21 4

LP-X 40-100 6 27 65 2

VLDL 30-80 10 22 18 50

Chylomicrons 100-1000 <2 8 7 84

Table 2. Classes of apolipoproteins (Apo) in different lipoproteins

VLDL LDL LP-X HDL

Major apolipoproteins

Apo-B100 Apo-B100 Apo-Al

Apo-Cl Apo-Cl Apo-A2

Apo-C2 Apo-C2

Apo-C3 Apo-C3

Apo-E

Minor apolipoproteins

Apo-D Apo-E Apo-Cl

Apo-Al Apo-C2

Apo-C3

Table 3. Characteristics of some apolipoproteins

Apolipoprotein N-terminal C-terminal Antigenic determinants

Apo-A Asp Thr, Gin two or more

Apo-B Glu Ser one

Apo-C Thr, Ser Ala, Vai, Glu three or more

LP-X in liver and biliary tract diseases
For the first time LP-X was detected, isolated from the blood, and charac

terized upon studying patients with liver disease with obstructive jaundice [86,105].
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Subsequent studies demonstrated that the presence of LP-X is detected in 
45% of cases of liver disease with cholestatic features, having raised levels of 
serum lipids, hypercholesterinemia, and a hyperlipoproteinemia, and was not de
tected in cases of liver disease without cholestasis [84,91]. It was also shown that 
the incidence of LP-X in different causes of cholestatis varied, and while it was 
commonest in cases of extrahepatic obstruction of recent onset, occurring in 75% 
of cases, it was also found in primary biliary cirrhosis in 48% [84].

Further investigations performed by a number of research groups, including 
case- and large-scale studies of patients with different types of diseases of liver 
and bile tract, demonstrated presence of LP-X in the blood of patients with intra- 
hepatic cholestasis (primary biliary cirrhosis, cholangitis, hepatic cirrhosis, hyperc
holesterolemia associated with pseudohyponatremia, graft-versus-host disease of 
the liver after allogeneic bone marrow transplantation, hepatic malignancy, etc.) 
and extrahepatic cholestasis (extrahepatic biliary obstruction by .tumors and cho- 
ledocholithiasis, cholestasis of pregnancy, etc.) [9,35-40,48,58,62,70,72,80,81, 
87,88,99,100,109,114,117,120,121,126].

In patients suffering with different liver diseases the LP-X test was positive 
in 82-100% in whom histological evidence of cholestasis was observed, and nega
tive in 95-98% in whom histological examination was negative [26,27, 61, 69]. 
Notably that concentrations of LP-X in the patients with extrahepatic cholestasis 
were significantly higher than in those with intrahepatic cholestasis [9,14,39,40, 
82,90,94,117].

LP-X was also detected in the blood of patients with acute viral and toxic 
hepatitis. Positive results were found in 96% of patients with hepatitis A and in 
82% of hepatitis B. It was shown that in acute phase of viral hepatitis, LP-X is the 
most specific test in determining the presence of cholestasis [54, 82, 106, 122]. 
Increased blood levels of LP-X were reported in patients with drug-induced 
cholestatic hepatitis [104, 63], chronic cholestatic hepatitis [72] as well as viral 
hepatitis NANB [97].

High blood levels of LP-X were detected in children with liver diseases 
(progressive familial intrahepatic cholestasis, chronic graft-versus-host disease of 
the liver) and in infants with persistent cholestatic jaundice caused by biliary atre
sia and biliary agenesis of extra- and intrahepatic origin (prolonged jaundice, cho
ledochal cysts, hypoplastic extrahepatic biliary tract, absence of extrahepatic bil
iary tracts, mechanical occlusion of bile ducts caused by a rhabdomyoblastoma, 
inborn enzymatic liver dysfunction, neonatal hepatitis, neonatal cholestasis, Alagille 
syndrome,etc.) [7, 15, 18,20,22,30,45,46,51,64,65,73-76,107, 111, 112,118, 
119,124,130].

Concentration of LP-X in the blood has been considered as an important 
and informative marker of the above mentioned liver and biliary tract diseases, and 
determination of LP-X blood level has been widely used for clinical diagnostics of 
cholestasis and for monitoring the efficiency of relevant therapeutic measures [3, 
6,9,19,20,22,26,27,42,43,51,54,58,60,61,66,69,70,74,78,89,94,103,106, 
122, 123, 125, 127]. The plasma concentration of LP-X was significantly corre
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lated to the plasma activity of alkaline phosphatase and serum bilirubin, but seemed 
to be superior to these two parameters in the differentiation between intrahepatic 
and extrahepatic cholestasis. Plasma levels of LP-X above 400 mg/100 ml are 
highly indicative of extrahepatic biliary obstruction [80].

In experimental models of cholestasis, LP-X may be detected in the plasma 
within the first 20 hours. The calculated fractional catabolic rate of LP-X was 
found to be 0.450 ± 0.069 for dogs and 1.553 ±0.096 for rats corresponding to a 
mean biological half life of 37.7 ± 6.4 h or 10.7 ±0.6 h, respectively [93].

The cause of the appearance of lipoprotein X is unknown, but the analysis 
of associated biochemical features suggested its relationship to physical biliary 
obstruction rather than a derangement of liver cell function [84].

Antiatherogenic properties of LP-X
The fact that hypercholesterolemia increases atherosclerosis incidence in 

the general population but not in patients with primary biliary cirrhosis, a cholestatic 
liver disease associated with marked increases in plasma LDL cholesterol [37,41 ], 
raises the question on antiatherogenic properties of LP-X. Despite the highly in
creased cholesterol levels, prospective observation for a median of 7.4 years of 
312 patients with primary biliary cirrhosis of various stages found no increased 
incidence of atherosclerotic death compared with age and sex-matched controls 
[17]. Based upon these results it was proposed that bioactivities of LP-X, may be 
responsible for this phenomenon by preventing origination of oxidized LDL prod
ucts and thus reducing LDL atherogenicity [101]. This suggestion has been re
cently confirmed by in vitro study performed by Chang and co-workers [16]. This 
study revealed that after prolonged incubation with copper, LPX containing LDL 
isolated from the blood of patients with primary biliary cirrhosis failed to increase 
the oxidation index or electrophoretic mobility noted in control LDL. An admixture 
of LP-X containing LDL or LP-X with control LDL prevented oxidation of the 
latter in a dose-dependent manner. Furthermore, LP-X containing LDL isolated 
from the blood of patients with primary biliary cirrhosis was also noncompetitive 
against copper-oxidized LDL (oxLDL) for binding with a murine monoclonal anti- 
oxLDL antibody in a competitive ELISA. OxLDL exerts its proapoptotic and 
antiangiogenic effects in part by inhibiting fibroblast growth factor 2 (FGF2) ex
pression. Preincubation of oxLDL with LP-X, containing LDL, but not control 
LDL, attenuated the inhibitory effects of oxLDL on FGF2 expression in cultured 
bovine aortic endothelial cells. Notably, the antioxidant and prosurvival properties 
of LP-X containing LDL isolated from the blood of patients with primary biliary 
cirrhosis diminished after the patients underwent orthotopic liver transplantation 
[16]. These results suggest that LP-X reduces LDL atherogenicity by preventing 
LDL oxidation to protect endothelial cells integrity in the presence of hypercholes
terolemia [16, 99]. They also suggest that altering LDL composition may be as 
important as reducing LDL concentration in preventing or treating atherosclerosis.



Медицинская наука Армении НАН РА №2 2010 23

LP-X in familial lecithin-cholesterol acyltransferase deficiency
Lecithin-cholesterol acyltransferase (LCAT) (also called phosphatidylcho- 

line-sterol O-acyltransferase, EC 2.3.1.43) is an enzyme which converts free cho
lesterol into cholesteryl ester (a more hydrophobic form of cholesterol) which is 
then sequestered into the core of a lipoprotein particle, eventually making the newly 
synthesized lipoproteins spherical and forcing the reaction to become unidirec
tional, since the particles are removed from the surface. The enzyme is bound to 
both HDL and LDL in the blood plasma [128]. Familial LCAT deficiency is a 
monogenic autosomal recessive trait affecting cholesterol esterification, developed 
due to several allelic mutations of polymorphic gene on chromosome 16 (16q22.1) 
encoded LCAT [5, 12, 13, 28, 29, 44, 59, 110]. A deficiency of LCAT causes 
adcumulation of unesterified cholesterol in certain body tissues. The disease is 
characterized by diffuse comeal opacities, target cell hemolytic anemia (normo
chromic normocytic anemia), and renal dysfunction (proteinuria with renal failure) 
[ 13,44]. Familial LCAT deficiency is accompanied by low levels of HDL and LDL 
and the accumulation of LP-X in the plasma of patients [31,44, 83,113,]. Plasma 
concentration of LP-X in familial LCAT deficiency ranges from 43 mg/100 ml to 
251 mg/100 ml with a mean of 127 mg/100 ml. This is above the mean level of LP- 
X found in a group of patients with intrahepatic cholestasis (49mg/100 ml) and 
below the mean level found in patients with extrahepatic cholestasis (341 mg/100 
ml) [82].

Pathogenic effects of LP-X in familial LCAT deficiency have been ad
dressed in several human and animal studies, in vivo and in vitro. It has been 
demonstrated that high levels of LP-X cause glomerular capillary endothelial dam
age [98] and lead to progressive renal impairment and end-stage renal failure [31, 
129]. The results presented by Lynn et al. suggest that LP-X participates in the 
pathogenesis of glomerulosclerosis and subsequent renal failure in familial LCAT 
deficiency by stimulating monocyte infiltration via a mechanism involving the ex
pression MCP-1 by mesangial cells [53]. MCP-1 is an important chemoattractant 
for monocytes [115], and one key event in the pathogenesis of glomerulosclerosis 
is the infiltration of monocytes into affected glomeruli [24].

It was shown that the familial LCAT deficiency is characterized by the 
decreased catabolism of LP-X [67], however, the mechanisms for LP-X accumu
lation in this disease are unclear yet.

LP-X in other diseased conditions
Our own recent studies, for the first time have demonstrated the presence 

of the LP-X in the blood of patients with ischemic stroke and familial Mediterra
nean fever. The studies included 120 patients with ischemic stroke (each patient 
was examined at different time points after stroke onset) and 50 patients with 
familial Mediterranean fever (each was examined in remission stage and in acute 
stage of the disease). We found that in the blood of patients with ischemic stroke 
LP-X is present in both free form and cryoglobulin-bound form on days 1-7 after 
stroke onset [55,56], and in the blood of patients with familial Mediterranean fever
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a free form of LP-X was detected (unpublished data). Figures 2, 3 demonstrate 
the results of our investigations.

Fig. 2. Typical electrophoretic patterns of LDL detection in the blood serum of patients 
with familial Mediterranean fever (A) and ischemic stroke (B)

Fig. 3. Typical electrophoretic patterns of LDL detection in cryoglobulins isolated from 
the blood of healthy subjects (a) and patients with ischemic stroke (b)

The above mentioned study of Lynn and colleagues [54] demonstrated that 
LP-X is stimulating monocytes infiltration via a mechanism involving MCP-1 ex-
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pression. Both animal and human studies suggest that MCP-1-driven migration of 
inflammatory cells are implicated in the pathogenesis of ischemic stroke [21]. 
Furthermore, we found increased serum levels of MCP-1 in ischemic stroke pa
tients on days 1-7 after stroke onset [4,8]. Therefore, it is reasonable to propose a 
possible involvement of LP-X in the inflammatory response occurring after stroke 
onset [21]. The same applies to familial Mediterranean fever, which is a genetic 
autosomal recessive autoinflammatory disease developed due to several allelic 
mutations of polymorphic gene coding a protein, pyrin, on chromosome 16 (16p 13.3). 
Pyrin is a part of regulatory pathway of inflammation and normally assists in keep
ing inflammation under control by deactivating the immune response. Mutations in 
pyrin encoding gene lead to malfunctioning protein and uncontrolled inflammation 
[102].

Thus, in case of ischemic stroke and familial Mediterranean fever, as well 
as in LCAT deficiency, LP-X probably acts as a trigger of inflammation through 
induction of MCP-1 expression. Further studies will clear if there are relationships 
between LP-X and other inflammatory mediators.

Поступила 25,02.10

Аномальный липопротеин-Х

A.C. Бояджян, АА. Аракелян, В.А Айвазян, Г.М. Мкртчян

Липопротеин-Х (ЛП-Х) представляет собой аномальный подкласс 
липопротеинов низкой плотности, характеризующийся высоким содер
жанием фосфолипидов и неэстерифицированного холестерина и низким 
содержанием эфиров холестерина, триглицеридов и белка. Среди белков, 
входящих в состав ЛП-Х, преобладают альбумин и аполипопротеин С. 
ЛП-Х был впервые обнаружен в крови больных механической желтухой. 
Дальнейшие исследования показали наличие ЛП-Х в крови при широком 
ряде заболеваний печени и желчных протоков, ассоциирующихся с 
холестазом. По этой причине наличие ЛП-Х в крови рассматривается 
как важнейший и информативный показатель холестаза. Высокие 
уровни ЛП-Х в крови были отмечены при семейном дефиците фермента 
лецитин-холестерин ацилтрансферазы. Кроме того, наши собственные 
недавно проведенные исследования позволили выявить наличие ЛП-Х 
в крови больных ишемическим инсультом и семейной средиземно
морской лихорадкой. Исследования, проведенные in vitro и in vivo, 
показали, что ЛП-Х обладает как антиатерогенной, так и провоспали- 
тельной активностью. Причины образования ЛП-Х при вышеотмеченных 
заболеваниях до настоящего времени не выяснены. В настоящем обзоре 
обобщены данные литературы, а также результаты наших собственных 
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исследований, формирующие современные представления о структурно
функциональных свойствах, молекулярном составе ЛП-Х и его вовле
чении в патомеханизмы различных заболеваний.

Անոմալճ-լիպոպրոտեին

Ա.Ս. Բոյաջյան, Ա.Ա. Առաքհլյան, Վ.Ա. Այվազյան, 
Գ.Մ. Մկրաչյան

Х-փպոպրոտեինը (Х-ԼՊ) ցածր խտությամբ [իպոպրոտեիդների 
անոմալ ենթադասն է, որը հարուստ է ֆոսֆոլիպիդներով և ոչ եթերի- 
ֆիկացված խոլեստերինով, բայց աղքատ է խոլեստերինի եթերներով, 
եռգլիցերիդներով և սպիտակուցներով: Х-ԼՊ-ի սպիտակուցների կազմը 
հիմնականում ներկայացված է սղբումինով և С ապոլիպոպրոտեիոմով: 
Х-ԼՊ-ն աոաջին անգամ հայտնաբերվել է մեխանիկական դեղնախտով 
զուգակցվող լյարդի հիվանդություններով տառապող մարդկանց արյան 
մեջ: Հետագայում ցույց տրվեց արյան մեջ Х-ԼՊ-ի առկայությունը խոլես- 
տազով զուգակցվող լյարդի և լեղուղիների մեծ թվով հիվանդությունների 
ժամանակ: Այդ պատճառով այսօր Х-ԼՊ-ի առկայությունը արյան մեջ 
համարվում է խոլեստազի կարևոր և ինֆորմատիվ ցուցանիշ: Х-ԼՊ-ի 
բարձր մակարդակները արյան մեջ գրանցվել են լեցիտին-խոլեստերին 
ացիլտրասֆերազ ֆերմենտի ընտանեկան անբավարարության ժամա
նակ: Մեր կողմից վերջին ժամանակներում կատարված ուսումնասիրու
թյունները թույլ տվեցին հայտնաբերել Х-ԼՊ նաև իշեմիկ կաթվածով և 
ընտանեկան միջերկրածովյան տենդով տառապող հիվանդների մոտ: X- 
ԼՊ-ի առաջացման պատճառը նշված հիվանդությունների ժամանակ մինչ 
այսօր պարզաբանված չէ: Համաձայն in vitro և in vivo հետազոտություն
ների Х-ԼՊ-ն կարող է ցուցաբերել և հակա-աթերոգեն, և հարբորբոքային 
ակտիվություն: Այս ակնարկում ամփոփված են գրականության և մեր 
սեփական ուսումնասիրությունների տվյալները Х-ԼՊ-ի կառուցվածքա- 
ֆունկցիոնալ հատկությունների, մոլեկուլային կազմի և տարբեր հիվան
դությունների պաթոմեխանիզմներում ներգրավվածության վերաբերյալ:
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