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THE DECISIVE ROLE OF THE HEPATIC LIPASE IN THE
REVERSE CHOLESTEROL TRANSPORT

The review deals with modern data on the hepatic lipase (HL) role in the atherosclerosis development. HL enzyme
facilitates the TG output from the pool of the very low density lipoproteins (VLDL), and this function is controlled by
the high-density lipoprotein (HDL) particles composition and structure. The composition of HDL regulates the “libe-
ration” of the HL from the liver, and the structure of HDL controls the HL transportation and activation of it in the
bloodstream. Although the lipase activity is typically hard to detect in human plasma, heparin infusion increases the
mass of HL and stimulates their activity in the circulation. In humans, the HL can be found primarily in association
with the hepatocytes and endothelial cells of the liver cell surface. Human HL can be released from the HSPG cell
surface via either heparin or HDL. Some results suggest that heparin interacts directly with lipases and/or competes
for binding sites on the surface of HSPG cells. Increased levels of apolipoprotein B-containing lipoproteins (Apo-con-
taining lipoproteins), LDL, and chylomicrons are connected with the development of atherosclerosis. Deposition of
lipids in monocytes and macrophages leads to the further development of atherosclerosis. In general, these results
indicate that dyslipidemia caused by deficiency HL in combination with a diet high in cholesterol causes inflammation

of the liver steatosis.
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INTRODUCTION

Hepatic lipase

Hepatic lipase (HL) - lipolytic enzyme, which is in-
volved in the regulation of triglyceride (TG) level in plas-
ma. High TG can increase the risk of coronary heart di-
sease, and studies suggest that mutations in the HL gene
may be associated with increased TG levels and, conse-
quently, an increased risk of coronary heart disease. HL
facilitates the TG output from the very low density lipo-
proteins (VLDL) pool, and this function is controlled by
the composition and structure of high-density lipoprotein
(HDL) particles. In humans HL is a liver enzyme adjusted
by factors which ensure its output from the liver and its
activation in the bloodstream. The composition of HDL
regulates the HL “liberation” from the liver, and the HDL
structure controls the HL transportation and activation
of it in the bloodstream. Changes in the HDL apolipopro-
tein composition can disrupt the function of the HL by
disturbance the output and the activation of the enzyme.
The structure of HDL could therefore affect the plasma
levels of TG and risk of coronary heart disease.

Excretion of TG-rich lipoproteins from the blood is
performed by lipoprotein (LDL) and hepaticlipase (HL),
as well as between lipoprotein exchange of TG under the
effect of NO. Lipoprotein lipase (LPL) is a dominant TG
lipase that is responsible for the TG hydrolysis in chylo-
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microns and VLDL, whereas HL is both phospholipase
and TG-lipase, and has an important role in the metabo-
lism of HDL cholesterol in VLDL and LDL transformation [61].
Single nucleotide polymorphisms (SNPs) in the HL gene
(TGHL) are connected with high plasma lipid concentra-
tions and an increased risk of acute coronary syndrome [1, 10].
HL deficiency is the result of a relatively rare mutations
TGHL that give rise to a loss of activity of circulating HL
(due to the decrease of secretion or inactivation of the
enzyme) and cause triglyceride-rich VLDL level increase
and HDL cholesterol decrease with rising risk of acute
coronary syndrome [13, 37]. Common mutations of the
SNPs have many different functional consequences. SNPs
in the TGHL gene can be connected both with increased
and reduced levels of HDL cholesterol content in plasma,
as well as with different levels of acute coronary syndrome
risk [24, 58]. Thus, the unique SNPs can combine pro- and
antiatherogenic phenotypic consequences. This explains
why association between TGHL mutations and the risk
of acute coronary syndrome was not observed in a more
detailed study [17]. Variable phenotypes may also be for-
med under the influence of secondary factors (environ-
ment, lifestyle and hormonal levels) [26], but they will
depend primarily on the functional consequences of the
SNPs on the activity of HL. SNPs in the TGHL gene may
directly affect the ability of TG-hydrolytic activity of the
HL, and can indirectly affect the HL, affecting the meta-
bolism of HDL and its ability to regulate the function of the HL.
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Hepatic lipase and liver

Hepatic lipase is synthesized and secreted by the li-
ver and binds to heparan sulfate proteoglycans (HSPG) on
the endothelial cells and hepatocytes cells surface [19, 34].
HSPG-bound lipase can be released into the bloodstream
by heparin. In 1943, Heng showed that intravenous he-
parin stimulates TG-hydrolytic activity in lipemic serum [43].
Although the lipase activity is typically hard to detect in
human plasma, heparin infusion increases the mass of HL
and stimulates it’s activity in the circulation [14]. Mea-
surements of the HL postgeparin activity were carried
out to display the functional levels of HL in the human
body and are measured indirectly by subtracting NaCl-
sensitive LPL activity from the total activity of the post-
geparin lipase. Measurements of the postgeparin HL ac-
tivity often give higher results in patients with hyperli-
pidemia, and they are often associated with the increa-
sed risk of acute coronary syndrome [47, 52]. This led to
the theory that the HL can be proatherogenic enzyme [27, 48].
High postgeparin HL activity may also be connected with
the higher risk of acute coronary syndrome as an indi-
cator of reduced lipolytic activity. Increased postgeparin
HL activity may represent the “pool” of storage of inac-
tivated HL in the liver (due to a defective release and inac-
tivation of the enzyme) [49, 50]. The surface of the cells
HSPG-bound by the HL is the catalytically inactive enzyme,
and HDL function is to mobilize and activate the “pool”
of HL [49].

The impact of combined shortage of HL and endo-
thelial lipase on the metabolism and content of HDL
and apolipoprotein B-containing lipoproteins

Hepatic lipase (HL) and endothelial lipase (EL) are
members of a family of extracellular lipases which comp-
rises lipoprotein lipase (LPL) [12, 16, 20, 23, 28, 36]. These
three heparin binding lipase are secured on the endothe-
lial surface and engage in the hydrolysis of triglycerides
(TG) and phospholipids (PL) within circulating lipopro-
teins. Although all three lipases have both TG and PL-hydro-
lytic activity, LPL predominantly is TG-lipase, while EL
predominantly is phospholipase-P. HL separates TG and
phospholipase activity [29, 38]. In addition to their ca-
talytic functions these lipases are able to “combine” lipo-
protein with cell surface proteoglycans independently from
hydrolytic activity [5, 18, 30, 33]. To separate the over-
lapping roles of HL and EL mice with the deficit of HL and
EL (HL/EL-knockout) are used to compare with mice with a
single HL-knockout and with EL-knockout mice and wild-
type mice. Plasma cholesterol levels, cholesterol-contai-
ning HDL, Non-HDL-C and phospholipids of mice with
HL/EL-knockouts were evidently higher than of mice with
a single knockout. First of all mice with HL/EL knockout
showed an unexpected significant increase in small par-
ticles of low density lipoprotein. Kinetic studies with la-
beled [3H] with cholesterol ether showed that mice with
HL/EL-knockouts accumulated small particles of low-den-
sity lipids, suggesting that this is the result of lipolysis of
very low density lipoprotein. HDL from all three lipases

knockout models have increased ability of cholesterol clea-
rence, but a lower ability of “purification” of cholesterol
esters versus control mice. Despite their higher levels of
cholesterol containing HDL neither mice with HL-knoc-
kouts, EL-knockouts, nor mice with PL/EL-knockouts have
not demonstrated raise of cholesterol transportation by
the macrophages in vivo.

The release of the HSPG-bound HL

In humans, the HL can be found primarily in asso-
ciation with the cell surface of HSPG on hepatocytes and
endothelial cells of the liver, that’s why it is considered
that the given enzyme is localized in the liver [21]. The
specific residues in HL protein regulate HL association
with HSPG [54, 61]. Studies using a plurality of peptides
identified two HL-heparin-binding regions, one in the
N-terminator (R310, K312, K314, R315) and the other
in the C-terminator (R473, K474, R476) [54]. In rodents
HL is also synthesized in the liver, but it can be found
primarily in the circulation [7, 32]. Rat HL can probably
more easily move from the surface of HSPG cells due to
differences in the composition of amino acids C-termina-
tor of the given enzyme [32]. Human HL can be released
from the HSPG cell surface via either heparin or HDL. Some
results suggest that heparin interacts directly with lipases
and/or competes for binding sites on the surface of HSPG
cells [57]. Results of other studies indicate that heparin
may act through calcium and protein kinase on signal rou-
tes to stimulate the release of HL [39]. HDL-dependent
release of HL is regulated by interactions between HL and
HDL and affected by both lipid and composition of HDL
apolipoprotein [50, 51, 59].

The composition of HDL directly affects the release
of HP cells from the surface of HSPG [50, 59]. Rumseymie
et al [20] showed that the various subclasses of HDL have
aunique ability to move the HL. Larger, more active ApoA-II
parts were more effective at moving the HSPG-bound HL
than smaller, denser LPVP3 parts. Rohani et al. [59] sho-
wed that the various lipids in HDL have unique effects on
the release of the HL. Increasing HDL-TGI and the phos-
pholipid content directly blocked the release of the HL to
the surface of cells, whereas changes in other lipid com-
ponents of HDL have little effect on the HL issue. Later,
HDL cholesterol, and serum isolated from meal’s objects,
showed an increased release of the HL relatively to the
starving samples [51].

Research has shown that even though the LDL after
the meal is TG-rich, APOE lipoproteins is scarce and more
efficient than HDL in the binding and displacement of the
HL to the surface of the cells [51]. The release of hepa-
tic lipase, as it was mentioned, is controlled by apolipo-
proteins of HDL and is stimulated by ApoA-II LPVP con-
tent [51]. ApoA-II increases the release of SP from HSPG,
increasing the HL connection with HDL cholesterol, and
this contributes to the increased association of obstruc-
tion of HL activity [3, 4]. On the other hand, the release of
HL is inhibited by HDL-Apo [51].Young et al [51] showed
that HDL isolated from members of the experiment was
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significantly more active in the movement of the HL from
the surface of cells HSPG regarding HDL from participants
of the experiment. HDL isolated from the plasma of wo-
men, also contained less ApoE, compared with the iso-
lated HDL from men. The study identified an inverse re-
lationship between HDL-ApoE and the amount of circu-
lating of the HL in the bloodstream [51]. Increased con-
tent of ApoE in the HDL leads to a reduced production
of HL. Treatment of HDL by the monoclonal antibodies
ApoE directed against antigenic determinants in rich glu-
tamic acid N-terminator ApoE succession led to the HL
greater shift [51], which suggests that the HL connection
to the HDL may be particularly sensitive to the ApoE-de-
pendent electrostatic lipoprotein properties. Other work
has shown that the HL activity was also dependent on
electrostatic interactions that regulate HL connection with
HDL [4, 6].

HDL regulates the release and activation of hepatic
lipase (HL). Liver is the storage warehouse for catalyti-
cally inactive HL, which is attached to the surface heparan
sulfate proteoglycans cells (HSPG). HDL is attached to the
HL and produces given enzyme into the bloodstream.

Apolipoproteins exchange between HDL and TG-rich
lipoproteins such as VLDL and intermediate density lipo-
proteins (IDL) postprandial [41, 42]. Especially ApoE mo-
ves from HDL to VLDL, where it acts as a lipolytic cofac-
tor [41]. Therefore, the HDL is storage warehouse for ApoE
in a state of starvation. A few hours after eating, when
plasma levels of TG are high, ApoE moves from HDL to
triglyceride-rich lipoproteins [40, 41]. This reduction in
the content of HDL-ApoE starts the release of HL from
the surface of the hepatocyte cells to the vascular com-
partment where the enzyme can hydrolyze circulating
triglycerides [51]. At the end of the this act ApoE retur-
nes to the pool of HDL and blocks the ability of HDL to
produce HL from the liver.

Metabolism and modification of apolipoprotein
B-containing lipoproteins involved in the development
of dyslipidemia and atherosclerosis

Increased levels of apolipoprotein B-containing lipo-
proteins (Apo-containing lipoproteins), LDL, and chylo-
microns are connected with the development of athero-
sclerosis. Chylomicrons, containing ApoB-48, are secre-
ted from the intestine after meals, while VLDL, containing
ApoB-100, is formed exclusively in the liver. Residues of
chylomicrons and VLDL remnants are derived from lipo-
protein lipase-mediated lipolysis of triglycerides, which
is activated by apolipoprotein C-II connection. Implemen-
tation of these residues is stimulated by the action of ApoE,
but inhibited by apolipoproteins C-I, C-II and C-IIL In plas-
ma, VLDL remnants are further converted to LDL trigly-
ceride hydrolysis. ApoB-100 is responsible for the imple-
mentation of LDL to the liver. Podendotelial delay and
modification of ApoB-containing lipoproteins are miles-
tones in the initiation of atherosclerosis. In podendotelia
implantation of modified lipoproteins by macrophages
leads to the formation of fat cells that store excessive

amounts of cholesterol ethers and subsequently to apoptosis.
Thorough understanding of these mechanisms will help
to develop new therapeutic strategies.

Regulation of lipolytic activity of HL

Humans have two pools of inactive HL, the first HL
is connected with HSPG in the liver, and the second HL
is connected with HDL in the bloodstream. HDL there-
fore regulates the activation of the HL in a two-stage pro-
cess, where the first HDL binds and moves the HL on the
surface of HSPG cells, and then separates HDL and acti-
vates the given enzyme. Under conditions of starvation
HL in the bloodstream is catalytically inactive. The acti-
vity of hepatic lipase activity could be detected in plasma
only after the enzyme will be released from liver under
heparin injections [35]. Although ApoA-I and HDL are also
able to free the HL to the surface of HSPG cells, the asso-
ciation of HDL with HL directly inhibits activity of the HL
[4, 6, 49]. Hepatic lipase is inactivated by its connection
with HDL particles containing ApoA-I and ApoA-II [3, 4, 22].

The activity of hepatic lipase stimulates the dissocia-
tion of SPs from HDL which is happening under the influ-
ence of electrostatic properties of lipoproteins [4, 6]. En-
richment of HDL, or serum with a free fatty acid or anio-
nic phospholipids (such as phosphatidylserine, phospha-
tidylinositol) increases the clear negative charge on HDL
cholesterol and stimulates the hydrolysis of VLDL-TG using
HL [6]. ApoA-II, according to the research, increased the
HL connection with HDL and directly inhibited the hydro-
lytic activity of the TG [3, 4, 22]. APOE has the opposite
effect. ApoE blocks the HL association with HDL [51] but
stimulates lipolytic activity HL [14]. Studies have shown
that women have lower ApoE levels in plasma and the
number of circulating SP is increased compared to men
[51], also women have a decreased postgeparin HL ac-
tivity, due to the inhibitory effect of estrogen effect on HL
transcription [59]. Decreased postgeparin HL activity in
women can be expected to cause lower levels of ApoE and
reduced activation of the HL [51]. Apo, as demonstrated,
directly interacted with Apo-II [25], and thus may block
apoA-II-dependent association with of HL with HDL [4].
ApoA-II may therefore control the release and activation
of the HL-P its action is modulated by the amount of ApoE,
which can remain on the surface of HDL particles.

In the treatment HDL stays connected with HL to keep
enzyme in an inactive state. Increased lipase movement
between substrate molecules stimulated the majority of
interphase lipolytic enzymes, including HL [11]. HDL plas-
ma isolated by sequential ultracentrifugation from women
normlipedemic lipids comprised a significant weight of
HL [51]. In contrast, HDL isolated from normlipedemic
men and giperlipedemic patients, contains far less pro-
tein HL. Thus, increased vascular pool HL in women may
help to reduce the amount of postprandial lipemia rela-
tively to men [46]. Increased cholesterol-containing HDL
in blood can also affect the restructuring of HDL because
APOA-2 formation, as shown by research, has been increa-
sed in the objects that can faster dispose food TG [9].
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Deficiency of hepatic lipase causes glucose into-
lerance, inflammation of the liver steatosis

Metabolic syndrome and type 2 diabetes make up the
main, the most global problems of health, and their level
is increasing at an alarming rate. Nonalcoholic fatty liver
disease, which affects up to 90 % of people who are obese
and almost 70 % of overweight people, usually associated
with such features as obesity, insulin resistance, hyper-
tension and dyslipidemia. Deactivating the hepatic lipase
in mice that are fed according to a diet high in cholesterol,
caused dyslipidemia including hypercholesterolemia, hyper-
triglyceridemia and increased levels nonesterefecized fatty
acids. These changes were accompanied by intolerance
to glucose, and hepatic inflammation of the pancreas.
Moreover, compared to DT mice, testee mice demonstra-
ted an increased prevalence of MHP1, an agent that pro-
motes deposition of monocytes and macrophages on the
subendotel layer of the artery cells. Deposition of lipids
in monocytes and macrophages leads to the further de-
velopment of atherosclerosis. In general, these results in-
dicate that dyslipidemia caused by deficiency HL in com-
bination with a diet high in cholesterol causes inflamma-
tion of the liver steatosis [5].

Regulation of HL secretion from the liver

Since HDL can release HL from the surface of the HSPG
cells, a hypothesis could arise that hepatic HDL secretion
will affect the release of SP from the liver. This idea was
confirmed in studies in human hepatocytes and HepG2
cells, which showed that factors that increase the secre-
tion of apoA-I/HDL to the hepatocyte, also increase the
secretion of HL [45]. Hattergy et al. [45] demonstrated
that excessive secretion of apoA-Iin HepG2 cells stimu-
lated direct HL release from the cell surface. On the other
side of the cessation of secretion of apoA-I using siRNA
decreased the HL release into the environment. There-
fore, recently secreted HDL can bind and displace the HL
to the surface of cells. An alternative way is an intracel-
lular communication with the HL complexes apoA-I/HDL
and HDL together with secretion.

Processing of HepG2 and human normal hepatocyte
cells with substances that block the apoA-I retroendo-
cytosis also affects the release of the HL. Linoleic acid
phospholipids such as dilinoleoilfosfatidilholin, increase
hepatic secretion of apoA-I in a three times and promote
double release of HL [41]. Phospholipid treatment does
not affect the transcription of the HL because the phospho-
lipids do not have any effect on the mRNA level [45]. Instead
phospholipids stimulate the expression of [44] PPARaq,
and inhibit the function of membrane nucleotides at the
cell surface to block retroendocytosal degradation rou-
tes [2]. Itis believed that membrane phospholipids block
dispose routes that leads to the recapture and degradation
of cell surface proteins, such as HL. Degradation of hepatic
lipase manifested by limited level of HL secretion and it
has been connected with dimerization of the enzyme [45].

Doolittle et al. [15] showed that when the HL does not
form active dimers, large amounts of monomer HL are
accumulated in the cell and rapidly degrade. These stu-
dies later demonstrated that the maturation and homo-
dimerization of HL and lipoprotein lipase can control cha-
perone protein in the endoplasmic reticulum, called lipase
maturation factor 1 [8].

Hepatic lipase can be secreted from the hepatocytes
as an inactive enzyme. HL secretion stimulators can in-
crease the mass of the HL in hepatocyte environment twice,
but have no effect on its activity [45]. This is a feature,
which may be important to control phospholipase acti-
vity of HL. It is due to the inhibiting effect of certain spe-
cies of HDL, which is connected to the HL environment.
HL among hepatocyte is mostly associated with large HDL
complex containing apoA-I and apoA-II. Phospholipid treat-
ment increases the secretion of apoA-I and apoA-II [2, 45],
and, as shown by Boucher et al [4], an association of SPs
with HDL- rich apoA-II directly inhibits the hydrolytic ac-
tivity of the HL.

Hepatic lipase as a reference point in the develop-
ment of methodology of therapy of ischemic heart disease

The recent epidemiological data show that the de-
crease of cholesterol in the LDL composition is impor-
tant for the reduction of risk of cardiovascular diseases,
but it is true for the IHD part in complexwith lipid-low-
ering therapy. It became obvious in the last decade that
the atherogenic properties of LDL particles are associated
not only with their level in the blood plasma, but also
with their size and density. Little dense LDL particles treble
the risk of IHD progress. Hepatic lipase is the key enzyme
in the formation of small dense LDL particles, it organizes
their phospholipid and triglyceride structure. The higher
HL activity is, the denser and more atherogenic a lipo-
protein particle will be.

CONCLUSIONS

The interrelationship between TG plasma levels and
HDL levels is implemented according to the feedback
mechanism. Low levels of HDL are often associated with
high TG, in turn, the HDL reduction and TG level aug-
mentation are connected with the increased risk of the
ACS progress [55]. The HDL is a storage for regulatory
apolipoproteins, and changes in the HDL apolipoprotein
composition may affect the TG metabolism, influen-
cing both the HL and LPL functions. Mutations in the
HL gene can have a direct effect on the HL function
or indirectly affect lipolysis, causing the formation of
reduced or dysfunctional HDL particles [24, 26, 58].
Therefore the stimulants of HDL hepatic production can
functionby means of the co-factor to stimulate lipolytic
enzymes and increase the excretion of TG [45]. This may
partly explain why narcotic substanceswhich increase
the HDL levels, such as niacin and fibrates, also reduce
TG plasma levels.

Ozans008i cmammi



UKRAINIAN BIOPHARMACEUTICAL JOURNAL, No. 2 (43) 2016

ISSN 2311-715X

10.

11.

12.

REFERENCES
Baroni M. G. Genetic study of common variants at the
Apo E, Apo Al, Apo ClII, Apo B, lipoprotein lipase (LPL),
and hepatic lipase (LIPC) genes and coronary artery
disease (CAD)-P variation in LIPC gene associates
with clinical outcomes in patients with established
CAD / [M. G. Baroni, A. Berni, S. Romeo et al.] // BMC
Med. Genet. - 2003. - N2 4, - P. 8-15.
Ben-Zeev 0. Maturation of hepatic lipase-P. Forma-
tion of functional enzyme in the endoplasmic reticu-
lum is the rate-limiting step in its secretion / O. Ben-
Zeev, M. H. Doolittle //]. Biol. Chem. - 2004. - N2 279. -
P.6171-6181.
Boucher J. Apolipoprotein A-II regulates HDL stabi-
lity and affects hepatic lipase association / [J. Bou-
cher, T. A. Ramsamy, S. Braschi et al.] //]. Lipid. Res. -
2004. - Ne 45, - P. 849-858.
Boucher . G. Lipoprotein electrostatic properties re-
gulate hepatic lipase association / J. G. Boucher,
T. Nguyen, D. L. Sparks // Biochem. Cell. Biol. - 2007. -
Ne 85. - P. 696-708.
Blasco-Andres Hepatic lipase deficiency produces
glucose intolerance, inflammation and hepatic stea-
tosis / [Andres-Blasco, A. Herrero-Cervera, A. Vinue
etal.] //].Endocrinol. - 2015.-Ne 227 (3).-P. 179-91.
Blum C. B. Dynamics of apolipoprotein E metabolism
inhumans / C.B.Blum //]. Lipid. Res.- 1982. - N2 23. -
P. 1308-1316.
Brown R. ]. The amino acid sequences of the carboxyl
termini of human and mouse hepatic lipase influence
cell surface association / [R. ]. Brown, ]. R. Schultz,
K. W. Ko et al.] //]. Lipid. Res. - 2003. - Ne 44. -
P. 1306-1314.
Castelli W. P. Incidence of coronary heart disease and
lipoprotein cholesterol levels-P / [W. P. Castelli, R. ]. Gar-
rison, P. W. Wilson et al.] // The Framingham Study
JAMA. - 1986. - Vol. 256. - P. 2835-2838.
Chatterjee C. Hepatic high-density lipoprotein secre-
tion regulates the mobilization of cell-surface hepatic
lipase / [C. Chatterjee, E. K. Young, K. A. Pussegoda
etal.] // Biochem. - 2009. - N2 48. - P. 5994-6001.
Connelly P. W. Hepatic lipase deficiency / P. W. Con-
nelly, R. A. Hegele // Crit. Rev. Clin. Lab. Sci. - 1998. -
Ne 35. - P.547-572.
Couillard C. Gender difference in postprandial lipe-
mia-P importance of visceral adipose tissue accumu-
lation / [C. Couillard, N. Bergeron, D. Prud’homme
etal.] // Arterioscler. Thromb Vasc. Biol. - 1999. -
Ne 19. - P. 2448-2455.
Datta S. Human hepatic lipase. Cloned cDNA sequence,
restriction fragment length polymorphisms, chromo-
somal localization, and evolutionary relationships with
lipoprotein lipase and pancreatic lipase / [S. Datta,
C. C. Luo, W. H. Li et al.] // ]. Biol. Chem. - 1988. -
Ne 263.-P.1107-1110.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Davignon J., Cohn J. S. Triglycerides-P a risk factor
for coronary heart disease / J. Davignon, J. S. Cohn //
Atherosclerosis. - 1996. - Ne 124. - P. 57-64.

Deeb S. S. Hepatic lipase and dyslipidemia-P inter-
actions among genetic variants, obesity, gender, diet /
[S. S. Deeb, A. Zambon, M. C. Carr et al.] // J. Lipid.
Res. - 2003. - N2 44, - P. 1279-1286.

Doolittle M. H. Lipase maturation factor 1-P struc-
ture and role in lipase folding and assembly / M. H. Doolit-
tle, N. Ehrhardt, M. Peterfy // Curr. Opin. Lipidol. -
2010.-Ne 21. - P. 198-203.

Ehnholm C. Purification from human plasma of a he-
parin-released lipase with akTuBHOCTb against tri-
glyceride and phospholipids / C. Ehnholm, W. Shaw,
H. Greten, W. V. Brown // ]. Biol. Chem. - 1975. -
Ne 250.-P. 6756-6761.

Feitosa M. F. LIPC variants in the promoter and int-
ron 1 modify HDL-C levels in a sex-specific fashion /
[M. F. Feitosa, R. H. Myers, J. S. Pankow et al.] //
Atherosclerosis. - 2009. - N2 204. - P. 171-177.
Fuki I. V. Endogenously produced endothelial lipase
enhances binding and cellular processing of plasma
lipoproteins via heparan sulfate proteoglycan-media-
ted pathway / [I. V. Fuki, N. Blanchard, W. Jin etal] //
J. Biol. Chem. - 2003. - N2 278. - P. 34331-34338.
Hahn P. F. Abolishment of alimentary lipemia follo-
wing injection of heparin // Sci. - 1943. - N2 98. -
P. 19-20.

Hide W. A. Structure and evolution of the lipase super-
family / W. A. Hide, L. Chan, W. H. Li //]. Lipid. Res. -
1992.-Ne 33.-P. 167-178.

Hill J. S. Subdomain chimeras of hepatic lipase and
lipoprotein lipase-P Localization of heparin and co-
factor binding / [J. S. Hill, D. Yang, ]. Nikazy etal.] //
J. Biol. Chem. - 1998. - N2 273. - P. 30979-30984.
Hime N. J. Apolipoprotein E enhances hepatic lipase-
mediated hydrolysis of reconstituted high-density
lipoprotein phospholipid and triacylglycerol in an
isoform-dependent manner / [N.]. Hime, K. ]. Drew,
C. Hahn et al.] // Biochemistry. - 2004. - Vol. 43. -
P.12306-12314.

Hirata K. Cloning of a unique lipase from endothelial
cells extends the lipase gene family / [K. Hirata,
H. L. Dichek, ]. A. Cioffi etal.] //]. Biol. Chem. - 1999. -
Ne 274.-P.14170-14175.

Hodoglugil U. Polymorphisms in the hepatic lipase
gene affect plasma HDL-cholesterol levels in a Tur-
kish population / U. Hodoglugil, D. W. Williamson,
R. W. Mahley // J. Lipid. Res. - 2010. - Ne 51. -
P. 422-430.

Jain M. K. The kinetics of interfacial catalysis by
phospholipase A2 and regulation of interfacial ac-
tivation-P hopping versus scooting / M. K. Jain,
0.G. Berg // Biochim. Biophys. Acta.- 1989.- Ne 1002. -
P.127-156.




ISSN 2311-715X

YKPAIHCbKIY BIOOAPMALIEBTUYHWIA XKYPHATT, Ne 2 (43) 2016

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Jansen H. Binding of liver lipase to parenchymal and
non-parenchymal ratliver cells / H. Jansen, T.]. van
Berkel, W. C. Hiilsmann // Biochem. Biophys. Res.
Commun. - 1978. - N2 85. - P. 148-152.

Jansen H. Hepatic lipase-P. a pro- or anti-atherogenic
protein? / H. Jansen, A. ]. Verhoeven, E. J. Sijbrands //
J. Lipid. Res. - 2002. - N2 43. - P. 1352-1362.

Jaye M. A novel endothelial-derived lipase that modu-
lates HDL metabolism / [M. Jaye, K. ]. Lynch, J. Kra-
wiec etal.] // Nat. Genet. - 1999. - P. 21-P. 424-428.
CrossRefMedlineGoogle Scholar

Ji Z.-S. Enhanced binding and uptake of remnant lipo-
proteins by hepatic lipase-secreting hepatoma cells
in culture / [Z.-S.]i, S. ]. Lauer, S. Fazio et al.] // ].
Biol. Chem. - 1994. - N2 269. - P. 13429-13436.

Ji Z.-S. Heparan sulfate proteoglycans 6articipate in
hepatic lipase and apolipoprotein E-mediated bin-
ding and uptake of plasma lipoproteins, including
high density lipoproteins/ Z.-S.Ji, H. L. Dichek, R. D. Mi-
randa, RW.Mahley //]. Biol. Chem.-1997.- N2 272. -
P.31285-31292.

Kamanna V. S. Nicotinic acid (niacin) receptor ago-
nists-P will they be useful therapeutic agents? /
M. L. Kashyap // Am. ]. Cardiol. - 2007. - Ne 100. -
P.S53-S61.

Kolset S. O. Cell surface heparan sulfate proteoglycans
and lipoprotein metabolism / S. O. Kolset, M. Salmi-
virta // Cell. Mol. Life Sci. - 1999. - Ne 56. - P. 857-870.
Krapp A. Hepatic lipase mediates the uptake of chylo-
microns and beta-VLDL into cells via the LDL recep-
tor-related protein (LRP) / [A. Krapp, S. Ahle, S. Ker-
stingetal.] //]. Lipid. Res.- 1996.- N2 37. - P.926-936.
Kuusi T. Localization of the heparin-releasable lipase
in situ in the rat liver / T. Kuusi, E. A. Nikkl§, L. Vir-
tanen, P. K. Kinnunen // Biochem.]. - 1979.-N2 181. -
P. 245-246.

Kuusi T. Postheparin plasma lipoprotein and hepatic
lipase are determinants of hypo- and hyperalphalipo-
proteinemia / [T. Kuusi, C. Ehnholm, ]. Viikari etal.] //
J. Lipid. Res. - 1989. - N2 30. - P. 1117-1126.
Martin G. A. Isolation and cDNA sequence of human
postheparin plasma hepatic triglyceride lipase /
[G. A. Martin, S. J. Busch, G. D. Meredith et al.] // .
Biol. Chem. - 1988. - N2 263. - P. 10907-10914.
McCaskie P. A. The C-480T hepatic lipase polymorphism
is associated with HDL-C but not with risk of coronary
heart disease / [P. A. McCaskie, G. Cadby, ]. Hung et
al.] // Clin. Genet. - 2006. - N2 70. - P. 114-121.
McCoy M. G. Characterization of the lipolytic acti-
vity of endothelial lipase / [M. G. McCoy, G. S. Sun,
D.Marchadier etal.] //]. Lipid. Res. - 2002. - N2 43. -
P.921-929.

Mowri H. O. Apolipoprotein A-II influences the subst-
rate properties of human HDL2 and HDL3 for hepatic
lipase / H. 0. Mowri, Patsch, A. M. Gotto, Jr. W. Patsch //
Arterioscler. Thromb Vasc. Biol. - 1996. - Ne 16. -
P. 755-762.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Mowri H. O. Different reactivities of high density lipo-
protein2 subfractions with hepatic lipase / [H. O. Mo-
wri, W. Patsch, L. C. Smith et al.] // J. Lipid. Res. -
1992.-Ne 33.-P.1269-1279.

Murdoch S.]. Influence of lipoprotein lipase and he-
patic lipase on the transformation of VLDL and HDL
during lipolysis of VLDL / S. J. Murdoch, W. C. Bre-
ckenridge // Atherosclerosis. - 1995. - Ne 118. -
P.193-212.

Murdoch S. J. Effect of lipid transfer proteins on lipo-
protein lipase induced transformation of VLDL and
HDL /S.]. Murdoch, W. C. Breckenridge // Biochim.
Biophys. Acta. - 1996. - Ne 1303. - P. 222-232.
Olivecrona T. New aspects on heparin and lipopro-
tein metabolism / [T. Olivecrona, G. Bengtsson-Oli-
vecrona, P. Ostergaard etal.] // Haemostasis. - 1993.-
Ne 23 (Suppl 1). - P. 150-160.

Pandey N. R. An induction in hepatic HDL secretion as-
sociated with reduced ATPase expression / [N. R. Pan-
dey, ]. Renwick, S. Rabaa et al.] // Am. ]. Pathol. -
2009.-Ne175.-P. 1777-1787.

Pandey N. R. Linoleic acid-enriched phospholipids
act through peroxisome proliferator-activated recep-
tors alpha to stimulate hepatic apolipoprotein /
[N. R. Pandey, ]. Renwick, A. Misquith etal.] // A-I Sec-
retion. Biochemistry. - 2008. - N2 47. - P. 1579-1587.
Patsch Karlin J. B. Inverse relationship between blood
levels of high density lipoprotein subfraction 2 and
magnitude of postprandial lipemia / J. B. Karlin
Patsch, L. W. Scott, L. C. Smith, A. M. Jr. Gotto // Proc.
Natl. Acad. Sci. USA. - 1983. - N2 80. - P. 1449-1453.
Patsch J. Influence of lipolysis on chylomicron clea-
rance and HDL cholesterol levels / J. Patsch // Eur.
Heart. ]. - 1998. - Ne 19 (Suppl. H). - P. H2-H6.
Ramsamy T. A. Apolipoprotein A-I regulates lipid hydro-
lysis by hepatic lipase / [T. A. Ramsamy, T. A. Neville,
B.M. Chauhan etal.] //]. Biol. Chem. - 2000. - Ne 275. -
P. 33480-33486.

Ramsamy T. A. HDL regulates the displacement of
hepatic lipase from cell surface proteoglycans and
the hydrolysis of VLDL triacylglycerol / [T. A. Ram-
samy, J. Boucher, R.]. Brown etal.] //]. Lipid. Res. -
2003. - Ne 44. - P. 733-741.

Rouhani N. HDL composition regulates displacement
of cell surface-bound hepatic lipase / N. Rouhani,
E. Young, C. Chatterjee, D. L. Sparks // Lipids. - 2008. -
Vol. 43. - P. 793-804.

Sanan D. A. Hepatic lipase is abundant on both he-
patocyte and endothelial cell surfaces in the liver /
D. A. Sanan, . Fan, A. Bensadoun, J. M. Taylor // ].
Lipid. Res. - 1997. - Ne 38. - P. 1002-1013.
Santamarina-Fojo S. The role of hepatic lipase in lipo-
protein metabolism and atherosclerosis / S. Santa-
marina-Fojo, C. Haudenschild, M. Amar // Curr. Opin.
Lipidol. - 1998.-N29. - P. 211-219.

Sarwar N. Triglyceride Coronary Disease Genetics
Consortium and Emerging Risk Factors Collaboration

Ozans008i cmammi



UKRAINIAN BIOPHARMACEUTICAL JOURNAL, No. 2 (43) 2016

ISSN 2311-715X

54.

55.

56.

57.

Triglyceride-mediated pathways and coronary dise-
ase-P collaborative analysis of 101 studies / N. Sar-
war, M. S. Sandhu, S. L. Ricketts // Lancet. - 2010. -
Ne 375.-P.1634-1639.

Schoonderwoerd K. Rat liver contains a limited num-
ber of binding sites for hepatic lipase / K. Schoon-
derwoerd, A. J. M. Verhoeven, H. Jansen // Biochem.
J. - 1994. - Ne 302. - P. 717-722.

Staels B. Mechanism of action of fibrates on lipid and
lipoprotein metabolism / [B. Staels, ]. Dallongeville,
J. Auwerx et al.] // Circulation. - 1998. - Ne 98. -
P.2088-2093.

Stahnke G. Human hepatic triglyceride lipase-P cDNA
cloning, amino acid sequence and expression in a cul-
tured cell line / G. Stahnke, R. Sprengel, J. Augustin,
H. Will // Differentiation. - 1987. - Ne 35. - P. 45-52.
Tagashira H. Involvement of Ca?*/calmodulin-depen-
dent protein kinase II in heparin-stimulated release
of hepatic lipase from rat hepatocytes / [H. Tagashira,
S. Nakahigashi, R. Kerakawati et al.] // Biol. Pharm.
Bull. - 2005. - N2 28. - P. 409-412.

58.

59.

60.

61.

62.

Teslovich T. M. Biological, clinical and population re-
levance of 95 loci for blood lipids / [T. M. Teslovich,
K. Musunuru, A. V. Smith et al.] // Nature. - 2010. -
Ne 466.-P.707-713.

Weisgraber K. H. Apoprotein (E-A-II) complex of
human plasma lipoproteins-P I. Characterization of
this mixed disulfide and its identification in a high
density lipoprotein subfraction / K. H. Weisgraber,
R. W. Mahley // ]. Biol. Chem. - 1978. - Ne 253. -
P.6281-6288.

Young E. K. HDL-ApoE content regulates the displa-
cement of hepatic lipase from cell surface proteo-
glycans / E. K. Young, C. Chatterjee, D. L. Sparks //
Am. ]. Pathol. - 2009. - Ne 175. - P. 448-457.

Yu W. Mapping the heparin-binding domain of human
hepatic lipase / W. Yu, J. S. Hill // Biochem. Biophys.
Res. Commun. - 2006. - N2 343. - P. 659-665.
Zambon A. Hepatic lipase-P a marker for cardiovas-
cular disease risk and response to therapy / [A. Zam-
bon, S.S. Deeb, P. Pauletto et al.] // Curr Opin. Lipi-
dol. - 2003. - Ne 14. - P. 179-189.




ISSN 2311-715X

YKPAIHCbKIY BIOOAPMALIEBTUYHWIA XKYPHATT, Ne 2 (43) 2016

YAK 577.125.8:616.005

. A. lopoBckui, A. JI. 3araiiko
PELLIAIOILASL POJIb TIEYEHOYHOM JIMNA3bI B OBPATHOM TPAHCIIOPTE XOJIECTEPUHA

B 1aHHOY cTaThe pacCMaTPUBAIOTCS COBPEMEHHbBIE IaHHBIE O POJIU leueHOo4HoM innassl ([1J1) B pas-
BUTHH aTepockiiepo3sa. [/l o6ieryaet Boixoa TI' U3 nysia TMIONPOTEUHOB OUeHb HU3KOU MJIOTHOCTH
(JITIOHII), 1 aTa GyHKIMS KOHTPOJIUPYETCS JUIONPOTEMHAMH BbICOKOU muioTHOCTH (JIBII), cocra-
BOM U CTPYKTypo# yactul. CoctaB JIBII perynupyet «ocBo6oxaeHue» [1J1 U3 neyeHy, a CTpyKTypa
JIBII koHTposiupyeT TpaHcnopTUpoBKY [IJI U akTUBaLUIO ee B KPOBOTOK. XOTS aKTHUBHOCTb JIUNa-
3bl, KaK NPaBUJIO, TPYJHO O6HAPYKUThb B IIJJa3Me KPOBU 4YesloBeKa, MHQY3Usl renapruHa yBeJUuU-
BaeT Maccy [1Jl u cTUMynUpyeT ee aKTUBHOCTb B KPOBOTOKe. B opraHusme vesioBeka I1J1 MoxxHO
HailTy, B IepByl0 ouepesib, B COeJJUHEHUH C reaTOLUTaMHU U 3HJ0TeJHaTbHbIMU KJIeTKaMH I0-
BEPXHOCTH KJIeTOK NedeHU. YesoBeveckast [1JI MoxeT 6bITb 0CBOGOK/AEHA OT OBEPXHOCTH KJIETOK
c noMoliblo renaprHa uiu JIBIl. HekoTopble pe3ynbTaTbl CBUAETENbCTBYIOT O TOM, UYTO TellapuH
B3aWMO/IeHCTBYeT HeNoCpeJCTBEHHO C JIMTAa30i U/WUJIM KOHKYPUPYeT 3a MecTa CBSI3bIBAHUsI Ha
MOBEPXHOCTU KJeTOK. [loBbIlIeHHble yPOBHU allOJIMIONPOTEeUH B-cofepkaliyux JIMNIONPOTEUHOB
(APO-copepxartux sunonpoternHoB), JIHII 1 Xu/IOMUKPOHOB CBSI3aHbl C pa3BUTHEM aTEPOCKJIEPO-
3a. OT/I0’)KeHMe JIMIU/0B B MOHOLIMTAaX U Makpodarax NpUBOAUT K JlaJibHelllleMy Pa3BUTHIO aTe-
pockJiepo3sa. B 1ies10M, 3TH pe3y/bTaThl YKa3blBalOT Ha TO, YTO AUCAUIN/EeMUs, BbI3BaHHasA gedU-
yuToM [1J] B coueTaHHUU € BBICOKUM COJlep>KaHUEeM X0JIeCTepHHA, BbI3bIBaeT BOCNaJIeHHe U CTeaTo3
neyeHHU.

KiroueBble c10Ba: eueHOYHas1 JIMNA3a; aTepOCK/Iepo3; IUIONPOTEeHHbI BbICOKOH MJIOTHOCTH; JIUIIO-
MPOTEeUHbI 0UeHb HU3KOH IJIOTHOCTH

YAK 577.125.8:616.005
J. A. JlopoBcbkuii, A. JI. 3araiiko
BHUPIIIAJIbHA PO.JIb NEYIHKOBOI JIINA3U B 3BOPOTHOMY TPAHCIIOPTI XOJIECTEPHHY

Y paHiit ctaTTi po3r/AfaTHCA cy4yacHi AaHi moo poJi neyinkosoi Jiinaswu (I1J1) y po3BUTKy aTepo-
cksieposy. [1J1 mostermye Buxiz TT' 3 mysty JinonpoTeiniB gy:xe Husbkoi mwineHocTi (JIINAHIL), i na
YHKI[isT KOHTPOJIIOEThCA JlinonpoTeiHamMy Bucokoi iiibHocTi (JIBII), ck1a/ioM i CTpyKTYpOIo 4acCTHHOK.
Cxsag JIT'TI perynroe «3BiibHeHHA» [1J] 3 nevinky, a crpykrypa JIT'Tl KOHTpOJ/II0€E TPAaHCIIOPTYBaHHSA
[1J1i akTHBawio il B KpOBOTIK. X04a aKTUBHICTb JliNa3y, 1K IPaBUJI0, BAXKKO BUABUTH B I1JIa3Mi KpOBI
Jo/iMHY, iHdy3ia remapuny 36iabirye Macy I1J1 1 ctumystioe i akTHBHICTE B KpoBoTOLli. B opranismi
sroauHu [1J1 MokHa 3HAWTH B MepIly Yyepry, B 3'€lHAHHI 3 renaToONUTaMH i eH10Te liaIbHUMHU KJTi-
THHAMU NOBEPXHi KJIITHUH nediHKy. JItoaceka [1J1 Moxke 6yTH 3BiJIbHEHA BiJl MOBEPXHIi KJIITHH 3a 10M0-
Moroto renapuHy a6o JIBIL. [Jleski pe3yabTaTH cBif4aTh Npo Te, 1[0 TenapyH B3aEMO/ie Ge3moce-
peAHbO 3 J1ina3oo i/abo KOHKYpPYE 3a Miclis 3B’I13yBaHHS HA MOBepxHi KaiTuH. [ligBuIeHi piBHI
anosinonpoTein B-BMicHux sinonpoteiniB (APO-BMicHuX JtinonpoTeiniB), JIHII i xinomikpoHniB nos’si3aHi
3 PO3BUTKOM aTepocKiepo3y. BigknaaeHHs ainifiB y MoHonuTax i Makpodarax npusBOJUTH [0
M0JIa/IbILIOr0 PO3BUTKY aTepOCKaepo3y. B LjiyioMy 1ii pe3y/ibTaTH BKa3ylTh Ha Te, L0 AUCAiNifgeMis,
BUKJ/IMKaHa AedinuToM [1J] B mo€iHAHHI 3 BUCOKUM BMiCTOM X0JIECTEPHHY, BUK/JIUKAE 3anajeHHs i
CTeaTo3 MeYiHKU.

Ki1r04oBi c/10Ba: neyiHkoBa Jlillasa; aTepoCK/epo3; JINoNPOoTeIHU BUCOKOI IIJIbHOCTI; JIIMONPOTeIH!
Jly?Ke HU3bKOI LiJIbHOCTI
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