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ABSTRACT
Article history: Aim: The protective role of high-density lipoprotein (HDL) against atherosclerosis is well
Received: 31 Jul 2017 known. However, both structural and functional changes of the HDL particles may affect its
Accepted: 18 Sep 2017 protective efficacy. Increased levels of HDL-associated myeloperoxidase (MPO) and decreased
First Published: 21 Nov 2017 HDL-linked paraoxonase-1 (PONI) activity have been reported in dyslipidemic patients. Some
changes in HDL subfraction distributions were also studied previously, but data on structural
K.ey words.: . . and functional changes in dyslipidemia are not complete. Therefore, the authors aimed to
ngh-dep51ty lipoprotein, evaluate these qualitative and quantitative markers of HDL in dyslipidemic patients and
AR, healthy control subjects. Methods: Anthropometric parameters, serum levels of lipoproteins
E?;:g:;zz’dase and MPO, as well as PONI activities were investigated in 81 untreated dyslipidemic patients
st gt ’ and in 32 healthy gender-matched controls. Additionally, HDL subfractions were detected
by an electrophoretic method on polyacrylamide gel (Lipoprint). Results: Significantly
higher glucose, hemoglobin Alc, total cholesterol, low-density lipoprotein-cholesterol,
triglyceride, lipoprotein(a), apolipoprotein B, C-reactive protein, and MPO levels were found
in patients compared to the healthy subjects. There were no significant differences in PON1
paraoxonase and arylesterase activities between the two study groups, but MPO/PONI ratio
was significantly higher in patients. There was a shift towards the smaller HDL subfractions,
but only the intermediate HDL ratio was significantly lower in patients compared to controls.
Conclusion: The results highlight the importance of HDL-associated pro- and antioxidant
enzymes suggesting the possible clinical benefit of MPO/PONI calculation and confirm that
quantification of HDL-C level alone provides limited data regarding HDL’s cardioprotective
effect. Calculation of MPO/PONI ratio may be a useful cardiovascular marker in dyslipidemia.
INTRODUCTION heterogeneous in their structural, chemical and

biological properties. Using different analytical
High-density lipoprotein (HDL) is a fraction of methods HDL can be separated to subclasses
small, dense, protein-rich lipoprotein that is highly differing in size, density, shape and lipid and protein
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composition""’. Therefore, the subfraction distribution
of HDL has implications for their functions. Although
the compositional and functional heterogeneity of HDL
particles is well known, HDL is often regarded as a
single entity characterized by measurement of HDL-
cholesterol (HDL-C) levels. Previous epidemiological
studies have clearly shown that levels of HDL-C are
inversely associated with the risk of coronary artery
disease and its thrombotic complications”*.. Over
the last few decades, substantial progress has been
made in understanding how the HDL particle exerts
protective effects on the vessel wall. HDL and its
main protein constituent, apolipoprotein A1 (ApoA1)
is protective in processes involved in atherogenesis,
including mediation of reverse cholesterol transport,
protection against oxidative stress, and inhibition of
cytokine-induced expression of cellular adhesion
molecules on endothelial cells. However, under
particular circumstances, HDL particles may become
dysfunctional caused by the loss of antioxidant and
anti-inflammatory proteins in combination with a
gain of acute phase proteins and some further pro-
inflammatory components. This pro-inflammatory,
dysfunctional HDL is unable to protect low-density
lipoprotein (LDL) from oxidation and to prevent
monocyte migration into the vessel wall induced by
oxidized LDL particles™. Myeloperoxidase (MPO)
mediates the oxidation of ApoA1 that creates a
dysfunctional HDL particle, which activates nuclear
factor kappa-B and promotes inflammation in the
vessel wall”®. MPO level and its role in oxidative
stress and inflammation has been implicated in the
pathophysiology of cardiovascular diseases such as
coronary artery disease'®. Human paraoxonase-1
(PON1) is a calcium-dependent lactonase that
is produced by the liver and almost exclusively
associated with HDL"!. Although hydrolysis of
homocysteine thiolactone might represent a major
physiologic function of PON1®! several further
substrates have been described including other
lactones™, organophosphates and lipid peroxides!™.
Interestingly, some previous studies proved that PON1
is predominantly associated to the smaller and denser
HDL3 subfractions, and PON1 activity of HDL2 was
only 4% of that in HDL3"". Furthermore, previous data
indicate that MPO, PON1 and HDL from a functional
ternary complex in which MPO and PON1 inhibit each
other’s activity demonstrating the dysfunction of the
HDL particle™".

Dyslipidemia characterized by high levels of
triglyceride, total and LDL cholesterol is an
established risk factor for coronary heart disease.
Therefore, to reduce the risk of cardiovascular
complications lipid lowering treatment is widely used

in this patient population. Additionally, combined
forms of hyperlipidemia often require combined drug
therapy. At the same time, it must be noted that lipid
lowering agents, such as statins"*"*! fibrates!*
and ezetimibe'"® have a significant effect on HDL
composition and function. Consequently, evaluating
the effect of various lipid abnormalities on HDL
properties in patients on lipid lowering therapy can be
misleading™®.

Therefore, we investigated the structural and some
functional HDL properties in newly diagnosed,
untreated dyslipidemic patients and in healthy controls
to evaluate the effect of dyslipidemia on the structural
and functional properties of HDL characterized by the
serum levels of HDL subfractions and MPO, PON1
paraoxonase and arylesterase activities and PON1
phenotyping. We hypothesized that the level and
ratio of large HDL subfractions are higher, and the
level and ratio smaller HDL subfractions are lower in
dyslipidemic subjects compared to healthy controls. A
lower number of smaller HDL subfractions may result
in lower PON activities and higher MPO levels.

METHODS

Study population

The study protocol was approved by local and regional
ethics committees and carried out in accordance
with the Declaration of Helsinki of World Medical
Association. All investigated subjects gave their written
informed consent to participate in the study. We
enrolled eighty-one newly diagnosed, untreated patient
with Fredrickson type lla and lIb hyperlipidemia that
were referred to our lipid outpatient clinic at Department
of Internal Medicine, University of Debrecen. Physical
examination and carotid ultrasound were performed
regularly. Further vascular imaging techniques (Doppler
ultrasound and computer tomography) were performed
in case of complaints or abnormal physical and
electrocardiography examinations.

We excluded patients with pre-existing vascular
complications from the study. Vascular complications
were defined as ischemic heart disease (myocardial
infarction or coronary sclerosis), ischemic cerebrovascular
disease (ischemic stroke, transient ischemic attack,
carotid artery stenosis/occlusion) and peripheral
arterial disease. Vascular complications were
established by patient history or upon the results of
imaging techniques. Any lesions with measurable
intravascular stenosis were defined as clinically
significant. Further exclusion criteria included
previous and ongoing lipid lowering therapy, chronic
inflammatory conditions, autoimmune disease, and
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endocrine or active liver disease including type 1
and 2 diabetes mellitus, chronic renal disease and
malignancy.

Furthermore, thirty-two individuals were enrolled as a
control population confirmed to be healthy by clinical
and laboratory examinations.

Biochemical assays

After an overnight fasting period venous blood
samples were taken into evacuated tubes and sera
were prepared immediately by centrifugation at
1,500 x g for 10 min at 4 °C. Multiple aliquots of
each samples were separated and stored at -70 °C.
Routine laboratory analyses: total cholesterol,
HDL-C, LDL-cholesterol (LDL-C), C-reactive protein
(CRP), triglyceride, ApoA1, apolipoprotein B (ApoB),
lipoprotein(a), hemoglobin A1c (HbA1c), and super-
sensitive thyroid stimulating hormone were performed
from fresh sera with Cobas ¢501 autoanalyzer (Roche
Ltd., Mannheim, Germany) in the Department of
Laboratory Medicine of University of Debrecen. Tests
were performed according to the recommendation of
the manufacturer. All the reagents were purchased
from the same vendor.

Paraoxonase-1 activities and phenotype
PON1 paraoxonase activity was measured by a
kinetic, semi-automated method. Briefly, paraoxon
(0,0-diethyl-O-p-nitrophenyl-phosphate, Sigma,
Hungary) was used as a substrate, and the generation
of 4-nitrophenol was measured on a microtiter plate
(Greiner Bio-One GmbH, Germany). The total of
15 L serum was mixed with 285 L Tris-HCI buffer
(100 mmol/L, pH = 8.0) containing 2 mmol/L CaCl, and
5.5 mmol/L paraoxon. The absorbance was monitored
at 405 nm (25 °C), in every minute for 6 min by a
Beckman Coulter DTX880 Plate Reader (Beckman
Coulter, California, USA) equipped with multimode
detector. Enzyme activity was calculated using the
molar extinction coefficient 17,600 M'cm™. PON1
paraoxonase activity is expressed as units per liter
of serum, where 1 unit equals 1 pmol of substrate
hydrolyzed per minute.

PONT1 arylesterase activity was assayed by a standard
containing 1 mmol/L phenylacetate substrate (Sigma,
Hungary) in 20 mmol/L Tris-HCI, pH = 8.0. The
reaction was started by adding the serum and the
absorbance was monitored at 270 nm. Blanks were
included to correct for the spontaneous hydrolysis
of phenylacetate. We calculated the enzyme activity
using the molar extinction coefficient 1,310 M"cm™.
PON1 arylesterase activity is expressed in U/mL;
1 U is defined as 1 ymol phenylacetate hydrolyzed

per minute.

To calculate PON1 phenotype the dual substrate
method was used"”. The genetic polymorphism at
codon 192 Q—R (Arg/GlIn at position 192) has the
most significant impact on the enzyme activity as
hydrolysis of paraoxon is faster by the R allele than
by the Q allele. The allozyme determined by the R
allele was designated type B, while the allozyme
identified by the Q allele was nominated type A. In
contrast, both R and Q alleles had similar arylesterase
activity. The ratio of the hydrolysis of paraoxon
in the presence of 1 mol/L NaCl (salt-stimulated
paraoxonase) to the hydrolysis of phenylacetate was
used to assign individuals to one of the three possible
PON1 phenotypes: AA (low activity), AB (intermediate
activity) and BB (high activity). Cut-off values between
phenotypes were as follows: ratio below 3.0 for AA,
ratio between 3.0 and 7.0 for AB and ratio over 7.0 for
BB phenotype.

Serum myeloperoxidase concentration
measurement

Myeloperoxidase serum concentrations were
measured by commercially available sandwich
enzyme-linked immunosorbent assay (ELISA) kits
(R&D Systems Europe Ltd., Abington, England).
The ELISA assay was performed according to the
manufacturer’s instructions. The intra- and inter-assay
coefficient of variations was 6.5-9.4%.

HDL subfraction analysis

HDL subfractions were determined using an
electrophoretic method on polyacrylamide gel with
the Lipoprint System (Quantimetrix Corp., CA,
USA) according to manufacturer’s instructions.
This commercially available system separates
HDL subfractions from human serum on the basis
of their size applying preloaded gel tubes for HDL
determinations.

Concisely, 25 pL serum was added to the
polyacrylamide gel tubes along with 300 pL loading
gel solution. The tubes contained Sudan Black as
a lipophilic dye and were photopolimerized at room
temperature for 30 min. Electrophoresis with tubes
containing sera samples and the manufacturer’s quality
controls were performed at a constant of 3 mA/tube
for 50 min. Subfraction bands were scanned with an
ArtixScan M1 digital scanner (Microtek International
Inc., CA, USA) and were identified by their mobility (Rf)
using very-LDL (VLDL) + LDL as the starting (Rf 0.0)
and albumin as the ending (Rf 1.0) reference point.

Ten HDL subfractions were differentiated between

i Vessel Plus | First Published on November 21, 2017




Harangi et al.

HDL structure and function in dyslipidemia

2/6/2013 | SAMPLE: 8-tube 8 hdl Quantimetrix LIPOPRINT® SYSTEM
13:57 VLDU HDL Subtractions Albumin
i
o 1 23l45 6 7|8 9 10
s \/|.DL + LDL
== }-HpL1,2,-3
}-HDL4, -5, 6,7
}- HoL-s, -9, 10
- /\
[ — \,./‘-"\
e /\
Albumin 1
- - = Area % 14 1381112 22 6 5 5 5
8 9 10 - Large Intermediate Small

Figure 1: HDL subfraction profile in a healthy subject determined using an electrophoretic method on polyacrylamide gel with the Lipoprint
System. Ten HDL subfractions were differentiated between VLDL + LDL and albumin peaks, and were grouped into three major classes:
large (from HDL1 to HDL3), intermediate (from HDL4 to HDL7) and small (HDL8 to HDL10) HDL subfractions. HDL: high-density lipoprotein;

VLDL: very-low-density lipoprotein

VLDL + LDL and albumin peaks, and were grouped
into three major classes: large (from HDL1 to HDL3),
intermediate (from HDL4 to HDL7) and small (HDLS to
HDL10) HDL subfractions. Cholesterol concentrations
of the HDL particle subsets were calculated by
multiplying the total cholesterol concentration of the
samples by the relative area under the curve of the
subfraction bands [Figure 1].

Statistical methods

Statistical analysis was performed by STATISTICA
(ver 8.0; StatSoft Inc., Tulsa, OK, USA). We tested
the normality of data distribution by Kolmogorov-
Smirnov test. Data are presented by descriptive
analysis [mean = SD in case of normal distribution,
or median (lower quartile - upper quartile) in the case
of non-normal distribution]. Comparisons between
groups were performed by Student’s unpaired ¢-
test in case of normally distributed variables and by
Mann-Whitney U-test in case of variables with non-
normal distribution. Correlations between continuous
variables were assessed by linear regression analysis
using Pearson’s test. Differences with P < 0.05 were
considered to be statistically significant.

RESULTS

Significantly higher total cholesterol, LDL-C,
triglyceride, lipoprotein(a), apo B and CRP levels
were found in the untreated dyslipidemic patients
compared to healthy controls. A few patients had higher
CRP levels, however, we could not find significant
correlations between the studied parameters and the

serum level of CRP. Serum glucose and HbA1c levels
were also significantly higher in patients, although
they remained in the normal range. Mean age and
body mass index of patients were also significantly
higher compared to controls. Concentration of serum
MPO was significantly higher in patients [Figure 2A].
We could not find significant differences in PON1
paraoxonase and arylesterase activities between the
two study groups. Large inter-individual variations
in PON1 paraoxonase and arylesterase enzyme
activities were found both in dyslipidemic patients and
controls [Figure 2C and D]. The MPO/PON?1 ratio was
significantly higher in dyslipidemic patients compared
to controls [Table 1 and Figure 2B].

Significant negative correlation was detected between
PONT1 arylesterase activity and the concentration of
MPO (r = -0.38; P < 0.001) in the whole study group
(data not shown). Analyzing these associations in the
two groups separately, correlation remained significant
only in patients (r = -0.38; P < 0.001). The PON1
phenotype distribution was as follows: in the patient
group 80.2 % (n = 65) were AA, 19.8 % (n = 16) were
AB phenotype, and there were no patients with BB
phenotype. The phenotype distribution (AA-AB) was
87.5% (n = 28), 12.5% (n = 4) in controls, respectively.
The allelic frequencies followed the Hardy-Weinberg
equilibrium and no significant differences were found
between the subgroups.

The absolute amounts and ratios of lipoprotein
subfractions are shown on Table 2. Although HDL-C
levels fell into the normal range in both studied groups,
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Figure 2: Levels of serum MPO (A), MPO/PONT1 ratio (B), activities of serum paraoxonase (C), and arylesterase (D) in dyslipidemic patients

and controls. MPO: myeloperoxidase; PON1: paraoxonase-1

Table 1: Laboratory parameters and anthropometric data of the patients and healthy controls

Dyslipidemic patients Healthy controls P
Number of patients 81 32
Age (years) 48.9 + 14.3 41.8+59 < 0.01
Female/male 49/32 19/13 NS
BMI (kg/m?) 281 +5.0 245+25 <0.01
Waist circumference (cm)
Females 89.4 +13.2 85.7 + 6.6 <0.05
Males 101.7 + 11.2 92.75+ 7.6 <0.05
Glucose (mmol/L) 5.1 (4.8-5.5) 4.8 (4.6-5.1) < 0.01
HbA1C (%) 5.4 (5.2-5.9) 5.1 (4.8-5.3) <0.01
Total cholesterol (mmol/L) 7.07 = 1.69 5.07 +0.78 <0.01
LDL-C (mmol/L) 4.52 +1.43 2.92 + 0.51 <0.01
HDL-C (mmol/L) 1.56 + 0.54 1.55 + 0.46 NS
Triglyceride (mmol/L) 1.6 (1.1-3.0) 1.2 (0.8-1.4) <0.01
Lipoprotein(a) (mg/L) 191 (77-587) 70 (30-214) <0.01
Apolipoprotein A1 (g/L) 1.71 £ 0.59 1.68 + 0.31 NS
Apolipoprotein B (g/L) 1.33+£0.37 0.94 +£0.18 <0.01
hsCRP (mg/L) 2.4 (1.0-45.3) 2.0 (0.6-2.9) <0.05
Thyroid stimulating hormone (mU/L) 21 +£1.29 1.94 £ 1.1 NS
Myeloperoxidase (ng/mL) 869 (131-1,272) 205 (125-257) <0.05
Paraoxonase activity (U/L) 98 (62-210) 83 (48-167) NS
Arylesterase activity (U/L) 132 (112-162) 127 (110-160) NS
Myeloperoxidase/paraoxonase (ug/U) 3.56 (1.28-16.03) 2.81 (0.89-4.03) <0.05

Data are presented as mean + standard deviation or median (lower-upper quartiles). NS: non-significant; BMI: body mass index; HbA1c:
hemoglobin A1c; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; hsCRP: high sensitivity C-reactive

protein

there was a shift toward the small-sized HDL particles
in dyslipidemic patients compared to controls. The
ratio of intermediate HDL subfraction was found to be
significantly lower in dyslipidemic patients compared
to controls, but there were no further significant

differences between patients and controls [Table 2].
DISCUSSION

The measurement of serum levels of HDL-C has
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Table 2: Concentration and ratio of high-density lipoprotein subfractions in dyslipidemic patients and healthy

controls
Dyslipidemic patients Healthy controls P
HDL subfraction concentrations (mmol/L)
Large HDL 0.42 (0.27-0.67) 0.45 (0.31-0.61) NS
Intermediate HDL 0.73 (0.59-0.87) 0.75 (0.66-0.85) NS
Small HDL 0.34 (0.23-0.43) 0.28 (0.25-0.34) NS
HDL subfraction ratios (%)
Large HDL 29.7 (21.5-35.4) 31.6 (24.4-34.6) NS
Intermediate HDL 48.3 (45-51.4) 51.5 (48.3-54.3) <0.05
Small HDL 21.6 (16.4-26.6) 18.4 (15.5-22.5) NS

Values are presented as mean + standard deviation or median (lower-upper quartiles). NS: non-significant; HDL: high-density lipoprotein

been standardized and accepted in everyday clinical
practice, but it fails to capture the complexity of
HDL structure and function. Previous proteomic
studies have revealed more than 100 proteins on
HDL particles including structure proteins, enzymes,
complement components and proteinase inhibitors. It
became clear that the protective role of HDL against
atherogenesis may relate to its composition as much
as to its concentration in the plasma'®. By contrast,
there is no accepted gold standard to measure the
physical and functional properties of HDL particles,
although several tests and assays have been reported
in the last few decades'”. Consequently, results of the
various studies are often not comparable, confusing
and not applicable in clinical practice. Indeed, the
assessment of HDL structure and functions has
become a high priority novel target to investigate the
association between HDL and cardiovascular risk.
Therefore, any further data on parallel investigation of
HDL subfractions and functional markers may improve
our knowledge on this field.

Because of the various techniques used for HDL
subfraction detection, it is not surprising that
considerable controversy exists as to the clinical
usefulness of HDL subfractions for the prediction of
cardiovascular risk. Basically, HDL-C includes two
major subfractions: lipid-enriched, larger HDL2, which
has a major role in reverse cholesterol transport,
and protein-enriched, smaller HDL3, whose anti-
atherogenic role is less clear, but is able to bind
several antioxidant enzymes including PON1. Although
the results of previous studies are not concordant, a
higher ratio of the larger HDL2 particles may protective
against atherogenesis, while the smaller subclasses
are positively correlated with the risk of cardiovascular
disease''”. We found a shift towards the smaller
HDL subfractions, which may be unfavorable for
our dyslipidemic patients. On the other hand, most
of these changes were not significant, therefore the
importance of alterations in HDL subfractions might

not be crucial, at least in dyslipidemic patients without
manifest vascular complications. It must be noted that
there can be notable differences in data produced
by different analytical techniques applied for HDL
subclass analysis. Still, these data may shift the focus
from HDL subfractions to HDL function.

Measurement of PON1 activity is an accepted
indicator of the HDL antioxidant property and a
promising biomarker of HDL function independently
of HDL-C levels. PON1 inhibits lipoprotein oxidation
and macrophage foam cell formation. Moreover, it
possesses homocysteine-thiolactonase activity and
stimulates macrophage cholesterol efflux that may also
be responsible for its anti-atherogenic properties”. A
previous meta-analysis comprising 47 studies reported
markedly lower PON1 activities in patients with
coronary heart disease than in unaffected controls®"".
Decreased paraoxonase activities were found in
a number of medical conditions including familial
hypercholesterolemia and diabetes mellitus™. However,
it is also well known that paraoxonase activities can
vary by over 40-fold between individuals, in part
because of its genetic polymorphisms®*. Although
many environmental and pharmaceutical modulators
of PON1 are known, by far the biggest effect on
PON?1 activity levels is through these polymorphisms.
The coding region PON1-Q192R polymorphism
determines a substrate dependent effect on activity.
Some substrates e.g. paraoxon are hydrolyzed faster
by the R- isoform while others such as phenylacetate
and diazoxon are hydrolyzed more rapidly by the Q-
isoform®”. Therefore using the dual substrate method
the PON1-Q192R polymorphism can be evaluated.
In the present study we could not find significant
differences in PON1 paraoxonase and arylesterase
activities between patients and controls, but we
also observed the large inter-individual variations in
enzyme activities. Therefore, we evaluated the PON1
Q192R phenotype distribution and allelic frequencies.
The allelic frequencies followed the Hardy-Weinberg
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equilibrium and no significant differences were found
between the subgroups. According to the results,
because of the large inter-individual variability, PON1
activity measurement alone might not became a
useful biomarker for cardiovascular risk prediction in
dyslipidemic patients without vascular complications.

MPO is a leukocyte-derived heme protein that binds
to HDL. As a part of the innate immune host defense
system, MPO uses hydrogen peroxide to generate
an array of reactive oxidant and free radical species
such as hypochlorous acid possessing antimicrobial
effect. However, these reactive species can also foster
oxidative injury to host molecules as well. Indeed,
MPO catalyzes generation of nitrating oxidants and
promotes both protein modifications and initiates lipid
peroxidation leading to enhanced atherosclerosis*.
Plasma, serum, and leukocyte MPO levels have been
associated with coronary artery disease™; incident
risk of myocardial infarction, death, and need for
revascularization®®?”. In a previous study we found
significantly elevated MPO levels in overweight
hyperlipidemic patients with or without cardiovascular
complications™. In the present study we also found
significantly higher MPO levels in dyslipidemic patients
without any vascular complications compared to
healthy subjects.

Interestingly, both PON1 and MPO interact at the
same site on HDL, reciprocally modulate each
other’s function, influencing the antioxidant and anti-
inflammatory function of HDL™". Our previous study
on a similar patient population also highlighted the
importance of this reciprocal inhibition®”. Furthermore,
a recent study showed that serum MPO/PON1 ratio
may be a potential indicator of dysfunctional high-
density lipoprotein and risk stratification in coronary
artery disease™. Therefore, MPO/PON1 ratio was
also calculated and we found significantly higher MPO/
PON?1 ratio in our dyslipidemic patients compared to
controls indicating an increased risk for cardiovascular
complications. Moreover, in line with the results of
previous studies, significant negative correlation was
found between myeloperoxidase levels and PON1
arylesterase activities that demonstrates the reciprocal
inhibition between these two HDL-associated
enzymes. Hence, calculation of MPO/PONT1 ratio may
give information about the function of the enzyme
complex and characterize HDL function.

Some limitations of the study must be noted. The
power of the study may be reduced because of the
relatively small size of the study population. Age
was significantly different between the patients
and controls, however, we could not find significant

correlations between the studied parameters and
the age. Therefore, we concluded that age may not
influence our results in this study. It must be noted
that HDL subfraction ratios are derived secondary
parameters that may include additional error based on
method of calculation. Data on further HDL functional
assays such as HDL cholesterol efflux assay,
measurement of lecithin: cholesterol acyltransferase or
platelet-activating factor-acetylhydrolase activity would
add further information on HDL property.

In summary, we found altered HDL function in
dyslipidemic patients, characterized by increased
level of MPO and MPO/PONT1, even in patients
without clinically detectable symptoms of vascular
complications. However, PON1 paraoxonase and
arylesterase activities were unaltered. There was a
shift towards the smaller HDL subfractions, but these
changes were not significant; indicating that the
importance of alterations in HDL subfractions might
not be crucial in patients with dyslipidemia. Our results
highlights the importance of HDL-associated pro- and
antioxidant enzymes suggesting the possible clinical
benefit of MPO/PON1 calculation and confirms that
quantification of HDL-C level alone provides limited
data regarding HDL's cardioprotective effect. Further
studies on larger patient populations are needed to
identify and characterize the best markers of HDL
functions.

Data on HDL structural and functional properties may
improve the efficacy of cardiovascular risk prediction
and development of novel anti-atherogenic treatment
strategies in dyslipidemia.
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