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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 Jipo-
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 C (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. Inmunochemical 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, C1, C2 and C3, which are
encoded by different genes [52, 77] and differ in signal peptide amino acid se-
quence [49]. C1 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-X1 [77].
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Figure 1. Schematic structure of LP-X
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Table 1. Molecular composition of lipoproteins

Diameter | Protein | Cholesterol [ Phospholipid | Triacylglycerol
S om | & | 0 %) %)
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, Gln two or more
Apo-B Glu Ser one
Apo-C Thr, Ser Ala, Val, 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 seeme:d
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 obs.u'uctlon [80]. .

In experimental models of cholestasis, Ll_’-X may be dt?tected 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 f:orresponding toa
mean biological half life of 37.7 + 6.4 h or 10.7 £0.6 !1, 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 ik :

The fact that hypercholesterolemia increases atITerosglerosis 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.
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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
dueto 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
a¢cumulation of unesterified cholesterol in certain body tissues. The disease is
characterized by diffuse corneal 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.
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Fig. 2. Typical electrophoretic patterns of LDL detection in the blood serum of patients
with familial Mediterranean fever (A) and ischemic stroke (B)
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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 (16p13.3).
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.

Iocmynusa 25,02.10

AHoMaJaBHEIA TEOONpOoTEnH-X
A.C. Boanxsan, A.A. ApakensH, B.A. A#pasan, .M. Mkprusn

Jlunonporern-X (JI[1-X) npencrapisieT co6oi aHOMAaNbHEE NOAKIACE
JIUTIOTIPOTEHHOB HU3KOH MJIOTHOCTH, XapaKTepHSYIOLMACS BEICOKHM COZEep-
XKaHHeM (HocGONHUITH/IOB H HesCTepH(HIIMPOBAHHOTO XOJeCTePHHA H HU3KHM
copepxkaHueM 3(UpPOB XoJlecTepHHa, TPHIVIHLIEPHIOB H Geska. Cpeau 6enkos,
BxopsAmux B cocras JI[1-X, npeo6nanaior anb6yMuH u anoaunonporerH C.
JITI-X 6Bl BriepBEle 06HapY>XeH B KPOBH GOJIbHBIX MEXaHHYECKOH JKeJITyXOH.
HanvHer11e Hee/leJoBaHAS NOKasany Hanuure JI[1-X B KpOBH NPH IIHPOKOM
psne 3a6o/ieBaHMM IeYeHH H XKEJYHHIX IPOTOKOB, aCCOLMUPYIOLIMXES C
xonecrasoM. ITo sTo# npuynHe Hamuyue JI[I-X B KpoBM paccMaTpHBaeTcs
KaK BaXXHEAIMHA ¥ MHGOPMATHBHHM MOKasaTelb XoJecTasa. Bricokue
ypoBH# JIIT-X B KpoBH 6BLIM OTMeYeHH NPH ceMeHHOM HedHUHuTe hepMeHTa
JIEUNTHH-X0JIECTEPHH auMaTpaHcepassl. Kpome Toro, HammM coGCTBeHHbIE
HEJIaBHO NpOBeNIeHHbIe HCCJIe0BaHUS MO3BOJMIH BhISABUTh Hamuuue JIIT-X
B KpPOBH GOJBHEIX HIIEMHYECKHM HHCYJbTOM H CEMEHHOH CpeauseMHO-
MOpPCKOH JMxopajkoi. MccienoBanus, npoBefieHHHe in vitro H in vivo,
noxkasanH, 4yto JI[I-X obsafaeT Kak aHTHaTepOreHHOH, TaK W MPOBOCIAIH-
TeJIbHOH aKTHBHOCTBIO. FIpHunHEl 06pasoBanus JI[1-X npH BhILIEOTMEYEHHBIX
3a60JIeBaHUAX 10 HAaCTOSIIEro BpeMeHH He BHISICHEHH. B HacTosimeM o63ope
060611leHEl JaHHble JHTEPATYpPH, a TaKXKe Pe3yJbTaThl HALIKX CO6CTBEHHBIX
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HcceoBaHui, hopMHpYyloLIHe COBpeMEHHbIE npenc*raanenm)«( 0 CTPYKTYPHO-
(QYHKUMOHANLHBEIX CBOHCTBAX, MOJIEKY/ISPHOM coc;aae JIIT-X ¥ ero BoBJe-
YEHHH B NaTOMEXaHW3MBbl PasJHYHbIX 3a60/I€BaHHH.

UGniw) X-thwynwypnnkhb

U.U. njugjui, U.U. UpwphpwC, €L.U. Ujjuqjui,
Q..U. Ulypwnsjwui

X-1hwnupnunkhGp (X-LM) gwop funnipjudp (hwnwpnnbhnGhph
wniw] bGpwnuwub t, npp hwpnwwn b pnubnihwhniipny L ny Gpbph-
$hwgywé funjbunbphny, pwjg wnpwwn t junjbunbphGh tpbpGhpny,
tingipgbphnGbpny L uwhunwynigGopny: X-L7N-h uyhunwyngGph juqip
hhdGwlwGmy Ghpyuyugywd t wipnuihlny L C wwnihwynwpninbthnGny:
X-LM-G wpwohG wlqul hu1_|m(il.upl:lplljltl k dhhmxﬁhl.lulleluxﬁ l;}hréﬁuxtumng

niqu w hhywGnnipyntGGhpny wnwnwunn dwpnlulg wpjw
1‘}&9‘:} 4231?11n2wl}'mgngmﬁ] wnpybg wpjwi dhg X-LM-h wolwnipjmGp junjbu-
nwgny qmiquijgynn ywpnh b hnmnhGhph 4o pyny hhjwlnnipymGGhph
dudwlul: Uyn wwwdweny wjuop X-LM-h wnlwjnipjniGp wpjwi gk
hwiwpymd t fjunjbutnugh Yupbop b pGpnpdwnhy gnigubhy: X-LM-h
pwpdp SwiwpnuyGbpp wpywG dhe qpubgyb] b6 (kghwnhl-funjbunbphG
wghpmpuwudbpuq $tipdkGnh plnwlibjul wipwjwpwpnipjul dwdiw-
Gwl: Utp Yonihg ybpohlG dwdwlwlylibpnd juumwpjwd nunudGuuhpn-
pjniGGhpp pnyp wybghG hwjmGupbpb) X-LMN Gub hpbdhy jupdwony L
pGunwibliwb shetpypwonyjub nbbnny mwnwwnn hhywlnlbph donwn: X-
LM-h wowowgiwl wwwndwep G2qwo hhjwlnnipynGibph dudwGuly Shas
wjuop wupqupwljwd sk: {wiwdw)l iz vitro L in viveo htmwgnuunipym G-
Gbph X-LM-G Yupnn £ gmgupbnty L hwljw-wpbpnqtl, L hwppnppnpuijhG
wiwhynipyniG: Wyu wybwpymd withnhjwd 6 gpuiwlnipjwb L dbp
ubthwlw6 nunuiGuwuhpnpniGGaph wjwGepp X-LM-h »l{mnmgtlwbpw-
$niGyghnGwy hunnynipyniGGhph, dnjbyniuih6 uqih L mwppbp hhywG-
nnipjniGGph wwpnibfuwGhqiGbpmd GEpgpuyywonipywb Jhpwpbpjwy:
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