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Secretory phospholipase A, activity is linked to
hypercholesterolemia and gender in non-alcoholic
fatty liver disease individuals
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Abstract

Introduction: Non-alcoholic fatty liver disease (NAFLD) is asso-
ciated with the metabolic syndrome, which is a constellation
of insulin resistance, central obesity, dyslipidemia and inflam-
mation. During the inflammatory process polyunsaturated
fatty acids are converted into proinflammatory hydroperox-
ides by the action of lipoxygenases, e.g. secretory phospholi-
pase A, (sPLA,).

Aim: The role of sPLA, during progression of inflammation in
NAFLD is practically unknown; therefore the aim of the study
was to investigate sPLA, activity in NAFLD patients.

Material and methods: Ninety-two patients with NAFLD and
20 healthy individuals were enrolled in the study. sPLA, activ-
ity in plasma was evaluated by the ELISA method.

Results: There were no differences between NAFLD and
healthy individuals in sPLA, activity but among NAFLD indi-
viduals high sPLA, activity was linked to male gender and
high concentration of plasma cholesterol (hypercholes-
terolemia). A trend for a correlation between 8-epi-PGF,, I
concentration in plasma and sPLA; activity was observed.
Conclusions: sPLA; is one of the main factors associated with
progression of inflammatory diseases including NAFLD. A posi-
tive correlation between total cholesterol in plasma and activi-
ty of sPLA, in men may contribute to the pathogenesis of
NAFLD as well as progression to steatohepatitis according to
novel “one hit” theory.
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Streszczenie

Wstep: Niealkoholowa sttuszczeniowa choroba watroby (non-
alcoholic fatty liver disease — NAFLD) jest Scisle powigzana
z klinicznymi cechami zespotu metabolicznego, w sktad kt6-
rego wchodzg insulinoopornosé, otytosé trzewna, zaburzenia
lipidowe oraz przewlekty proces zapalny. Proces ten wiaze sie
z przemiang wielonienasyconych kwaséw ttuszczowych po-
przez lipooksydazy w ich prozapalne pochodne wodorotleno-
we, a jednym z zaangazowanych w ten proces enzymoéw jest
wydzielnicza forma fosfolipazy A, (sPLA,).

Cel: Poniewaz rola sPLA, w rozwoju procesu zapalnego
w NAFLD nie jest znana, celem niniejszej pracy byta ocena jej
aktywnosci w NAFLD.

Materiat i metody: Do badania wtaczono 92 osoby z NAFLD
oraz 20 0séb zdrowych, u ktérych aktywnosé sPLA, oceniano
metoda ELISA.

Wyniki: Nie stwierdzono réznic w aktywnosci sPLA; pomiedzy
osobami zdrowymi a pacjentami z NAFLD, ale w tej drugiej
grupie wyzszg aktywnos¢ sPLA, obserwowano u mezczyzn
oraz u 0s6b z hipercholesterolemia. Stwierdzono ponadto ten-
dencje do wyzszej aktywnosci sPLA; w przypadku wiekszych
stezen izoprostanu 8-epi-PGFy, lIl.

Whioski: Aktywnos¢ sPLA, jest jednym z gtéwnych czynnikéw
zwigzanych z progresja choréb o tle zapalnym, w tym NAFLD.
Obserwowana u mezczyzn pozytywna korelacja pomiedzy ste-
zeniem cholesterolu catkowitego w osoczu i aktywnoscig
sPLA,, zgodnie z nowa teorig ,,pojedynczego uderzenia”, moze
spowodowact progresje zapalenia watroby.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is closely
linked to accumulation of lipid droplets in hepatocytes
[1]. A consequence of lipid accumulation in the liver is
the autocatalytic process of lipid peroxidation, demon-
strated by elevation of plasma lipid peroxidation mark-
ers — 9- and 13-hydroxyoctadecadienoic acids (9- and
13-HODEs) and isoprostane 8-epi-PGF,, IIl. Both were si-
gnificantly elevated in patients with nonalcoholic
steatohepatitis (NASH) [2].

Phospholipases A, are enzymes releasing free fatty
acids from cytoplasmic membranes and allowing their
further transformation to HODEs, hydroxyeicosate-
traenoic acids (HETEs) and eicosanoids. There are two
main classes of phospholipases A,, cytoplasmic (cPLA,)
and secretory phospholipase A, (sPLA;), and both regu-
late physiological and pathological processes [3-5]. The
SPLA, is expressed in the atherosclerotic arterial walls,
highlighting the important role of that enzyme in the
development of inflammation [3, 4, 6]. The role of sPLA,
during progression of inflammation in NAFLD is practi-
cally unknown. However, lipoprotein-associated phos-
pholipase A, was recently characterized as a novel in-
flammatory biomarker that is correlated with several
components constituting the metabolic syndrome [7].

Aim

In this paper we look for plasma sPLA, activity in
NAFLD patients. We also investigated the intensity of
lipid peroxidation through measurement of plasma con-
centration of non-enzymatic oxidative stress markers:
9- and 13-HODEs, and isoprostane 8-epi-PGF, IIl.

Material and methods
Patients

Ninety-two consecutive patients with NAFLD were
enrolled in the study as well as 20 healthy individuals.
All analyzed subjects were Caucasians. The exclusion
criterion was consumption of more than 20 g/day of
ethanol. The subgroup of patients with clinically diag-
nosed NAFLD and permanently normal liver enzymes
consisted of 30 individuals. All the patients tested neg-
ative for HBV infection (with HBs antigen and anti-HBc
total antibodies) and anti-HCV antibodies. Gamma-glob-
ulins, immunoglobulins, and auto-antibodies were test-
ed and imaging diagnostics was performed to exclude
autoimmune hepatitis as well as primary biliary cirrho-
sis and primary sclerosing cholangitis. In a subgroup
of 60 patients with biopsy-proven NAFLD, 12 patients
(20%) had severe fibrosis of the liver defined as bridging
fibrosis and cirrhosis (F3 and F4) and 24 (40%) had no
fibrosis (FO) according to the Kleiner and Brunt classifi-

cation [8]. Patients were fully informed as to the study
objectives and benefits, and provided written consent
prior to enrollment. The control group consisted of
healthy individuals from general practitioners’ registers.
The study protocol complied with ethical standards laid
down in the Declaration of Helsinki and was approved
by the Committee on Human Research at the Pomeran-
ian Medical University. Venous blood for lipid analyses
was collected into tubes (with EDTA) after an overnight
fast. After that, the plasma was obtained by centrifuga-
tion (1200 g x 10 min), and then frozen at —80°C until
analyses.

Measurement of secretory phospholipase
A, content in plasma

Before analysis samples were thawed slowly in an
ice bath, vigorously vortexed and then equal amounts of
samples were taken. The procedure was performed
according to instructions of the manufacturer (Cayman,
USA). Analysis was performed with En Vision 2104 Mul-
tilabel Reader (Perkin Elmer, USA).

Measurement of arachidonic and linoleic
acid derivatives from plasma

Plasma 9- and 13-HODE were assessed with the
HPLC method. First plasma (0.5 ml) was suspended with
1 ml of 100% acetonitrile (cooled to 4°C), then it was vor-
texed vigorously for 3 min. After that PGB2 (1 ug/ml)
was added as an internal standard, and all was vortexed
for the next 1 min. The mixture was cooled (10 min/
—20°C), centrifuged (3200 g for 10 min, 4°C) and super-
natant was taken. After that, the pH value of the sam-
ples was adjusted to 3.0 (with 1 mM HCl). The lipid
fraction was extracted with solid-phase extraction SPE
columns (Bakerbond Spe, RP-18, J. T Baker). Then deriv-
atives were eluted by a mixture of methanol and ethyl
acetate (1: 1, v/v), carefully collected and evaporated to
dryness in a nitrogen steam. Residue after evaporation
was reconstituted in 200 pl methanol/water/acetic acid
(60/40/0.1, v/v/v) and analyzed by HPLC. The Agilent
1200 chromatographic system consisted of a vacuum
solvent degassing system, quaternary gradient pump,
thermostated high-performance autosampler, ther-
mostated column compartment and diode array detec-
tor (DAD). Chromatographic data were processed by
Agilent Chemstation software as described in detail pre-
viously [9]. The total recovery for all sample extraction
and processing steps was 46 +8%.

Measurements of 8-epi-PGF,, 111
concentration in plasma

Lipid fractions were extracted with a Folch mixture
(chloroform : methanol 2 : 1, v/v) with butylated hydrox-
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Table I. Main clinical differences between NAFLD
males and females

Tabela I. Roznice w parametrach klinicznych po-
miedzy mezczyznami i kobietami chorujacymi
na NAFLD

Parameter Females Males Value of p
(n=33) (n=59)
(Mean +SD) (Mean + SD)
Age [years] 52.5+11.8 454123 0.004
BMI [kg/m?] 29.6+47  29.0435 NS
Total cholesterol [mg/dl] 246.4 +38  216.8 +69.7 0.01
LDL cholesterol [mg/dl]  156.5 +37 139 +70.8 0.04

HODEs [ng/ml]
8-epi-PGF,, Il [pg/ml]

105.6 £271.9 105.1 £170.1 NS
96.5 +113.2 128.6 +175.5 NS

BMI — body mass index, HODE — hydroxyoctadecadienoic acid,
8-epi-PGF,,, Il — isoprostane, NS — non-significant

Table IIl. Multivariate analysis of factors associa-
ted with sPLA; plasma concentration. The sPLA;
and 8-epi-PGF,, concentrations were transfor-
med logarithmically

Tabela lll. Analiza wieloczynnikowa parametréow
zwigzanych ze stezeniem sPLA, w osoczu. Steze-
nia sPLA; i { 8-epi-PGF,, przeksztatcono logaryt-

micznie
Variable B Coefficient Value of p
Age +0.124 0.44
Male gender -0.316 0.043
BMI —-0.035 0.81
Serum total cholesterol +0.428 0.0064
8-epi-PGF,, -0.265 0.072

p = 0.010 for the whole multiple linear regression model

ytoluene (0.05%) as an antioxidant; the mixture was
vortexed and centrifuged (3800 g x 10 min). The lower
phase was then taken and evaporated under a stream
of N,. The sediment was saponified and hydrolyzed
with 15% KOH and methanol (1 : 1, v/v). The mixture
was vortexed and incubated at 37°C for 30 min. Then
1 mM of HCl was added and the mixture was applied to
an SPE column (Bakerbond Spe, RP-18, ). T Baker).
The 8-epi-PGF,, Il was eluted from the column by
a mixture of ethyl acetate : methanol (1 : 1, v/v) and
samples were evaporated under N,. After that solvent
was resuspended in dilution buffer, and assayed as de-
scribed by the Cayman protocol. Analysis was per-
formed with En Vision 2104 Multilabel Reader (Perkin
Elmer, USA).

Statistical analysis

Statistica 7.1 software was used for the statistical
analysis and all results are expressed as mean + stan-
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Table Il. Comparison between NAFLD males and
females and sPLA, plasma concentration

Tabela Il. Poréwnanie stezenia sPLA, pomiedzy
mezczyznami i kobietami chorujqgcymi na NAFLD

NAFLD Females  NAFLD males Value of p
(n=133) (n=59)
(Mean + SD) (Mean = SD)
SPLA, [pg/ml] 191 165 318 +290 < 0.05

Table V. Comparison of concentration of 9+13-
HODE (measured by HPLC) and 8-epi-PGFy llI
(measured by ELISA kit) between groups of
healthy individuals and NAFLD patients

Tabela IV. Poréwnanie stezenia 9+13-HODE
(mierzonego metodq HPLC) oraz 8-epi-PGF5,, Il
(mierzonego metodq ELISA) pomiedzy grupq
0s6b zdrowych i pacjentéw z NAFLD

Parameter Healthy NAFLD Value of p
(n=20) patients
(Mean £SD) (n=92)
(Mean = SD)
SPLA, [pg/ml] 150 £90 250 +220 NS
9+13-HODE [ng/ml] 206 +6.6 107.6+2089 NS
8-epi-PGFy, Il [pg/ml]  15.66 £10.2 116.4 £154.5 0.000275

SPLA, - secretory phospholipase A, HODE — hydroxyoctadecadie-
noic acid, 8-epi-PGF,, Ill - isoprostane

dard deviation. As the distribution in most cases deviat-
ed from normal (Shapiro-Wilk test), non-parametric
Mann-Whitney test was used for comparisons between
groups. A multiple linear regression model was used to
find the independent predictors of sPLA, plasma con-
centration in NAFLD patients. Variables with distribution
different from normal were transformed logarithmically
before the multivariate analysis. Value of p below < 0.05
was considered significant.

Results

Selected patients’ data are summarized in Table |.
The difference in content of sPLA, (among NAFLD indi-
viduals) between the genders nearly reached statistical
significance (p = 0.054) (Table ). Additionally, among
NAFLD patients multivariate analysis (adjusted for
patient age, body mass index and gender as well as
some biochemical data) showed that independent fac-
tors associated with higher sPLA, activity were higher
total cholesterol concentration in plasma and (with bor-
derline significance) female gender (Table IlI).

We did not find higher HODE concentration in plas-
ma of the NAFLD subjects in comparison to healthy con-
trols (Table IV), whereas concentration of isoprostane
8-epi-PGF,, Il was higher in NAFLD patients compared
to healthy individuals (p = 0.00028).
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Discussion

In this paper we have presented the results of eval-
uation of the inflammatory aspect of NAFLD pathogen-
esis.

We found an interesting correlation between quan-
tity of sPLA; and male gender, and total plasma choles-
terol concentration. In our previous study we found that
male gender was associated with a lower level of severe
fibrosis in the Polish NAFLD group [10]. It seems to be
more interesting, although it is not certain, whether
the higher activity of sPLA, observed in women was the
result of more advanced age and dyslipidemia. On the
other hand, it cannot be excluded that intensification
of inflammatory processes (observed in women after
menopause) may occur due to up-regulation of inflam-
matory enzymes, e.g. sPLA,). The sPLA, is one of the
main factors associated with progression of inflamma-
tory disease (e.g. cardiovascular disease) and the serum
level of lipoprotein-associated phospholipase A, was
found to be elevated in NAFLD [7]. The enzyme plays
a role by the activation of low-density lipoprotein (LDL)
oxygenation and recruitment of macrophages to the
atherosclerotic plaque [6]. Therefore a positive correla-
tion between total cholesterol in plasma and activity of
SPLA, is not surprising. The increase in cholesterol con-
centration is probably associated with the ongoing
inflammatory process, in the development of which
SPLA, is involved [6]. Based on the results of our study,
we could support the thesis of Simonen et al. published
recently [11]. Enhanced cholesterol synthesis leads in
hepatocytes to excess free cholesterol, which is toxic to
cells and could contribute to the pathogenesis of NAFLD
and its progression to steatohepatitis [11]. Perhaps also
lipids could be a bridge between inflammation in the liv-
er and in the circulation. Fatty acids released by sPLA,
are substrates for enzymes as well as free radical pro-
cesses. Our study showed that the radical peroxidation
product isoprostane 8-epi-PGF,, Ill is increased in plas-
ma of NAFLD patients.
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