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Role of SN1 Lipases on Plasma Lipids in Metabolic
Syndrome and Obesity

Verénica Miksztowicz, Laura Schreier, Mary McCoy, Diego Lucero, Eduardo Fassio,
Jeffrey Billheimer, Daniel J. Rader, Gabriela Berg

Objective—To assess the phospholipase activity of endothelial (EL) and hepatic lipase (HL) in postheparin plasma of
subjects with metabolic syndrome (MS)/obesity and their relationship with atherogenic and antiatherogenic lipoproteins.
Additionally, to evaluate lipoprotein lipase (LPL) and HL activity as triglyceride (TG)-hydrolyses to complete the
analyses of SN1 lipolytic enzymes in the same patient.

Approach and Results—Plasma EL, HL, and LPL activities were evaluated in 59 patients with MS and 36 controls. A
trend toward higher EL activity was observed in MS. EL activity was increased in obese compared with normal weight
group (P=0.009) and was negatively associated with high-density lipoprotein—cholesterol (P=0.014 and P=0.005) and
apolipoprotein A-I (P=0.045 and P=0.001) in control and MS group, respectively. HL activity, as TG-hydrolase, was
increased in MS (P=0.025) as well as in obese group (P=0.017); directly correlated with low-density lipoprotein—
cholesterol (P=0.005) and apolipoprotein B (P=0.003) and negatively with high-density lipoprotein—cholesterol (P=0.021)
in control group. LPL was decreased in MS (P<0.001) as well as in overweight and obese compared with normal weight
group (P=0.015 and P=0.004, respectively); inversely correlated % TG-very low-density lipoproteins (P=0.04) and TG/
apolipoprotein B index (P=0.013) in control group. These associations were not found in MS.

Conclusions—We describe for the first time EL and HL activity as phospholipases in MS/obesity, being both responsible for
high-density lipoprotein catabolism. Our results elucidate part of the remaining controversies about SN1 lipases activity
in MS and different grades of obesity. The impact of insulin resistance on the activity of the 3 enzymes determines the
lipoprotein alterations observed in these states. (Arterioscler Thromb Vasc Biol. 2014;34:669-675.)

Key Words: hepatic lipase, human m LIPG protein, human m lipoprotein lipase m metabolic syndrome X
m obesity m phospholipases

Lipoprotein lipase (LPL), hepatic lipase (HL), and endo-
thelial lipase (EL) constitute a family of lipases involved
in lipoprotein metabolism. These enzymes share a similar
sequence structure at the genetic and protein level, thus indi-
cating a common ancestral origin. However, they are expressed
in different tissues and act on different lipoprotein substrates,
indicating that they may have evolved to specific roles.! The 3
proteins are heparin-binding lipases anchored to the endothe-
lial surface and mediate the hydrolysis of triglycerides (TG)
and phospholipids (PL) at the SN1 position within circulat-
ing lipoproteins. Lipid hydrolysis results in structural changes
within the lipoprotein species, which affects their removal from
the plasma and releases fatty acids to be taken up by tissues.
Although the 3 lipases have both TG and PL lipase activity,
LPL is predominantly a TG-lipase, EL principally hydrolyses
PL, and HL has an intermediate TG and PL lipase activity.? LPL
is responsible for the hydrolysis of chylomicrons and very low-
density lipoproteins (VLDLs). Lower LPL activity has been

associated with severe hypertriglyceridemia accompanied by
low levels of high-density lipoprotein—cholesterol (HDL-C).3#
HL is involved in HDL metabolism as well as being respon-
sible for the metabolism of apolipoprotein B—containing lipo-
proteins (especially intermediate-density lipoproteins [IDLs]
and large low-density lipoproteins [LDLs]).> Higher concen-
trations and activity of HL, as TG hydrolase, have been asso-
ciated with increased levels of small dense LDL (sdLDL)%*®
and lower levels of HDL.”® EL is primarily involved in HDL
metabolism, and higher concentrations have been correlated
with lower HDL levels.”!'® Moreover, recently it has been
shown that EL activity is responsible for the low HDL-C levels
in patients who undergo hemodialysis."

Alterations in the levels of plasma lipoproteins (high
LDL-C and low HDL-C) are hallmarks of cardiovascular
disease. Several comorbidities including diabetes mellitus,
obesity, and metabolic syndrome (MS) have been shown to
increase the risk of cardiovascular disease,'? in part because of
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Nonstandard Abbreviations and Acronyms

BMI body mass index

EL endothelial lipase

FFA free fatty acids

HDL-C high-density lipoprotein—cholesterol
HL hepatic lipase

HOMA-IR  homeostasis model assessment for insulin resistance index
LDLs low-density lipoproteins

LPL lipoprotein lipase

MS metabolic syndrome

NW normal weight

0B obese

ow overweight

PL phospholipids

TG triglyceride

VLDLs very low-density lipoproteins

the changes in lipoprotein profile, including increased levels
of TG rich lipoproteins, low levels of HDL-C, and increased
levels of sdLDL. This profile, characteristic of insulin resis-
tance (IR) states, is mainly attributed to abdominal obesity;
however, it must be considered that the increase in body mass
index does not always reflect IR. Additionally, there is evi-
dence that weight change and IR individually can affect the
atherogenic plasma lipid profile.”!'* The behavior of LPL and
HL (as TG hydrolases) has been widely studied in IR states
and obesity'>~'%; however, to our knowledge, EL and HL activ-
ities, as phospholipases, have never been evaluated in these
situations. The altered lipoprotein profile observed in patients
with IR and during obesity could be in part a consequence of
differing lipolysis of lipoproteins in these states. Furthermore,
there are still controversies about the SN1 lipases activity in
different grades of obesity.!**

Our aim was to assess the phospholipase activity of EL and
HL in postheparin plasma of subjects with MS/obesity and
their relationship with atherogenic and antiatherogenic lipo-
protein levels. Additionally, we evaluated LPL and HL activ-
ity as TG-hydrolyses to ascertain the individual roles of the 3
plasma lipolytic enzymes in the same patient and the conse-
quent lipoprotein profile.

Materials and Methods

Materials and Methods are available in the online-only Supplement.

Results

Characteristics of the Study Population
The clinical and biochemical characteristics of MS and Control
group are shown in Table 1. In the MS group, 43 patients
were women and 16 men; whereas in the control group, 20
were women and 16 were men. Patients with MS were older
(P<0.001) and presented higher body mass index (BMI;
P<0.001) and waist circumference (P<0.001) than controls.
Regarding lipid and lipoprotein profile, the MS group pre-
sented higher TG (P<0.001), total cholesterol (P=0.042),
LDL-C (P<0.001), and apolipoprotein B-100 (P=0.002), and
lower HDL-C and apolipoprotein A-I levels (P<0.001).

Table 1. Clinical and Biochemical Characteristics of Control
and MS Groups

Control MS

(n=36) (n=59) PValue
Age,y 35+14 48+11 0.001
Sex (W/M) 20/16 43/16 0.083
BMI, Kg/m? 23.5+2.7 34.2+5.9 0.001
Waist circumference, cm 81.5+11.6 105.3+10.1 0.001
TG, mmol/I 1.1(0.4-2.9) 2.1 (1.0-5.6) 0.001
Total-C, mmol/l 4.6 (3.3-7.6) 5.3(3.6-8.1) 0.042
LDL-C, mmol/l 3.0+1.1 3.7+0.9 0.001
HDL-C, mmol/l 1.5+0.4 1.1+0.2 0.001
apoA-1, g/l 1.7+0.4 1.4+0.3 0.001
apoB-100, g/l 0.9+0.3 1.1+0.3 0.002

Data are expressed as mean+SD or median (range) for skewed distributed
data. apoA-I indicates apolipoprotein A-I; apoB, apolipoprotein B; BMI, body
mass index; HDL-C, high-density lipoprotein—cholesterol; LDL-C, low-density
lipoprotein—cholesterol; M, men; MS, metabolic syndrome; Total-C, total choles-
terol; and W, women.

With reference to IR and inflammatory state, as expected,
values of glucose, insulin, homeostasis model assessment for
insulin resistance index (HOMA-IR), TG/HDL-C, free fatty
acids (FFA), and high-sensitivity C-reactive protein were
higher (P<0.001), and adiponectin was lower in patients with
MS compared with controls (P<0.001; Table 2).

Furthermore, in both groups, VLDL, IDL, and sdLDL were
isolated and characterized. As shown in Table 3, in patients
with MS, a prevalence of larger VLDL was observed, enriched
in TG, as well as an increase of remnants and sdL.DL.

The baseline characteristics of the subjects divided accord-
ing to obesity degree are shown in Table 4.

Phospholipase Activities

EL Activity

EL activity was evaluated in control and MS group. A trend
toward higher EL activity was observed in MS; however, it did
not reach significance: 0.92 (0.09-1.93) versus 1.11 (0.15-
3.06) wmol FFA/mL post heparin plasma per hour (PHPh),
P=0.097 (Figure 1A). There was no difference in EL activity
between men and women: 1.25 (0.29-3.06) versus 1.0 (0.09—
2.53) umol FFA/mL PHP.h, P=0.330.

EL activity was not associated with age (r=-0.167;
P=0.147) nor with waist circumference (r=0.183; P=0.126).
Given the direct association between EL activity and BMI
in the whole population (r=0.291; P=0.01), we analyzed the
behavior of the enzyme according to the obesity degree of the
subjects. EL activity was significantly increased in obese (OB)
group compared with normal weight (NW) group: 1.25 (0.15—
3.06) versus 0.71 (0.09-1.93) wmol FFA/mL PHP.h, P=0.009
(Figure 1B). Although no correlations with age and sex were
observed, we performed an ANCOVA analysis including both
variables. Difference between OB and NW group persisted sig-
nificantly (F=6.9, P=0.004 and F=4.8, P=0.01, respectively).

Additionally, in the control and MS groups, EL activity
was negatively associated with HDL-C (r=-0.369, P=0.014
and r=-0.480, P=0.005, respectively) and apolipoprotein A-I

Downloaded from http://atvb.ahgjournals.org/ by guest on Octaober 20, 2014


http://atvb.ahajournals.org/

Miksztowicz et al

Lipases in Metabolic Syndrome and Obesity 671

Table 4. Baseline Characteristics of the Subjects According
to Obesity Degree

Table 2. Insulin Resistance and Inflammatory Markers in
Control and MS Groups

Control MS

(n=36) (n=59) PValue
Glucose, mmol/l 8(3.9-5.6) 4 (45-7.0) 0.001
Insulin, pmol/l 36.1(13.9-118.0) 66.0 (13.9-479.2) 0.001
HOMA-IR .2(0.3-3.6) 5 (0.5-20.6) 0.001
TG/HDL-C .7(0.5-7.9) 4 (2.1-16.2) 0.001
FFA, mmol/I .5(0.1-0.8) .6 (0.3-1.1) 0.011
Adiponectin, pg/mL 12.3 (4.8-28.3) .6 (1.9-20.6) 0.001
hs-CRP, mg/l 1.3(0.1-11.7) 3.1(0.3-29.7) 0.001

Data are expressed as median (range) for skewed distributed data. HDL-C
indicates high-density lipoprotein—cholesterol; HOMA-IR homeostasis model
assessment for insulin resistance index; hs-CRP, high-sensitivity C-reactive
protein; MS, metabolic syndrome; and TG, triglycerides.

(r==0.311, P=0.045 and r=-0.559, P=0.001, respectively),
highlighting the role of EL. on HDL catabolism. Similarly, in
both groups, EL activity was positively correlated with insu-
lin (=0.301, P=0.05 and r=0.390, P=0.027, respectively) and
HOMA-IR (r=0.310, P=0.047 and r=0.413, P=0.019, respec-
tively). In contrast, EL activity negatively correlated with adi-
ponectin (r=—0.515; P=0.006) only in control group.

Given thatthere was no difference in EL activity between the MS
and control groups, but a positive association between EL activity
and HOMA-IR was observed, individuals were divided accord-
ing to HOMA-IR quartile. The quartiles were defined according
to the following range: quartile 1, HOMA-IR<1.02; quartile 2,
1.03<HOMA-IR<1.76; quartile 3, 1.77<HOMA-IR<3.30; and
quartile 4, HOMA-IR> 3.31. It was observed that individuals
with the highest grade of IR (quartile 4) showed a significant
increase in EL activity with respect to individuals with the lowest
grade of IR (quartile 1; P<0.05; Figure 1C).

HL Activity

When HL was evaluated as phospholipase, there was no dif-
ference between control and MS groups: 5.85 (1.99-14.0) ver-
sus 5.62 (0.66-16.58) pmol FFA/mL PHP.h, P=0.750, neither
between NW, overweight (OW), and OB group: 5.33 (1.99—
12.89) versus 5.20 (1.54-14.0) versus 5.87 (0.66—16.58) pmol

Table 3. VLDL, IDL, and sdLDL in Control and MS Patients

Control MS

(n=36) (n=59) PValue
Large VLDL, % 7.8 (1.0-21.9) 33.5(1.2-72.9) 0.010
VLDL-TG, % 49+12 56+6 0.018
VLDL-C, % 13+3 14+3 ns
VLDL-pt, % 14+4 16+4 ns
VLDL-pl, % 18+4 14+3 0.002
TG/apoB 6.2+2.8 11.7+4.7 0.001
IDL-C, mmol/I 0.1+0.06 0.2+0.08 0.036
sd LDL, % 11.3+6.3 28.7+5.4 0.001

Data are expressed as mean+SD or median (range) for skewed distributed
data. apoB indicates apolipoprotein B; C, cholesterol; IDL, intermediate density
lipoproteins; MS, metabolic syndrome; pl, phospholipids; pt, protein; sdLDL,
small and dense low-density lipoprotein; TG, triglycerides; and VLDL, very low-
density lipoproteins.

NW (n=27) 0W (n=20) 0B (n=48)
BMI, Kg/m? 23.0 (16.7-24.9) 26.7 (25.2-29.1)* 34.5 (30.0-54.7)*t
Age, y 36+15 45+14% 46+11*
Sex (W/M) 18/9 11/9 34/14
Waist 78+11 95+7* 107+10*t
circumference, cm
TG, mmol/l 1.0(0.4-2.9) 1.8(0.5-4.6) 2.1(1.0-5.6)*
Total-C, mmol/l 47(33-76) 6.2(3.4-7.9 5.2 (3.6-8.1)
LDL-C, mmol/l 2.8+1.1 4.1+1.2* 3.5+0.8*
HDL-C, mmol/I 1.6+0.4 1.2+0.4* 1.0+0.2*
apoA-1, g/l 1.8+0.4 1.6+0.3 1.4+0.2*
apoB-100, g/l 0.9+0.3 1.1+0.3t 1.0+0.3t
Glucose, mmol/I 4.78 (3.9-5.4) 5.3 (4.4-6.6) 5.5 (4.4-7.0*
Insulin, pmol/I 32.5(13.9-66.7) 43.0 (13.9-147.2)* 76.4 (27.1-479.2)t
HOMA-IR .9(0.3-2.0) 4(0.5-15.6) .7(0.9-20.6) *+
TG/HDL-C .5(0.7-7.9) .6(0.5-15.7) 4(21-16.2)*
FFA, mmol/I .5(0.1-0.8) 6(0.1-1.1) .6 (0.3-1.1)
Adiponectin, png/mL 12.6 (7.0-28.2) 7.3 (1.9-20.6)* .6 (1.9-16.4)*

hs-CRP, mg/l 1.3(0.1-11.7)  2.3(0.2-6.2) 3.4(0.3-29.7)t

Data are expressed as mean+SD or median (range) for skewed distributed
data. apoA-l indicates apolipoprotein A-I; apoB, apolipoprotein B; BMI, body mass
index; FFA, free fatty acids; HDL-C, high-density lipoprotein—cholesterol; HOMA-
IR, homeostasis model assessment for insulin resistance index; hs-CRP, high-
sensitivity C-reactive protein; LDL-C, low-density lipoprotein—cholesterol; M,
men; NW, normal weight; OB, obese; OW, overweight; TG, triglycerides; Total-C,
total cholesterol; and W, women. vs NW $£P<0.05 *P<0.01; vs OW 1P<0.01.

FFA/mL PHP.h, P=0.912. In turn, in the whole population,
HL as phospholipase was increased in men compared with
women: 7.31 (1.61-16.58) versus 4.38 (0.66-16.17) pmol
FFA/mL PHP.h, P<0.001.

Although no difference in HL activity was found between
groups, regarding lipoprotein profile, in the control group, HL
activity was negatively correlated with HDL-C (r=—0.639;
P=0.001) and apolipoprotein A-I levels (r=—0.623; P=0.001)
whereas in the MS group only a tendency with HDL-C
was observed (r=—0.281; P=0.062). An inverse association
with adiponectin was observed only in the control group
(r=—0.441; P=0.021).

Effect of EL and HL as Phospholipase on HDL

Given that EL and HL as phospholipase were associated with
HDL-C, the impact of both enzymes activities on HDL-C
was analyzed through a multivariate regression analysis to
distinguish the contribution of each one. In the MS group,
HDL-C decrease remained mainly associated with EL activity

(B=—0.35; P=0.01).

TG-Lipase Activities

HL Activity

Asexpected, HL activity, as TG-hydrolase, was increased in the
MS group compared with the control group: 14.53+6.33 ver-
sus 11.26+4.92 pmol FFA/mL PHP.h, P=0.025 (Figure 2A).
Similarly to its activity as phospholipase men presented
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higher values of HL than women (16.7£5.8 pmol FFA/mL
PHP.h versus 11.8+5.5 pmol FFA/mL PHP.h, P<0.001). With
reference to obesity degree, HL activity as TG-hydrolase was
significantly increased in the OB group compared with the
NW group: 15.0+6.3 versus 10.8+4.8 pumol FFA/mL PHP.h,
P=0.017 (Figure 2B). HL activity was not associated with
age (r=0.031; P=0.802). With reference to lipids and lipopro-
teins profile, in the control group, HL activity was directly
correlated with LDL-C (r=0.526; P=0.005), apolipoprotein B
(r=0.560; P=0.003), and negatively correlated with HDL-C
(r=—0.442; P=0.021). These correlations were not found in
the MS group in whom HL activity showed a weak inverse
correlation with IDL-C (r=—0.365; P=0.040). With respect to
IR markers, HL activity was positively associated with insu-
lin (r=0.378; P=0.011) and HOMA-IR (r=0.323; P=0.032)
in MS group.

Given that HL activity was higher in men than in women,
we performed an ANCOVA analysis including sex as an inde-
pendent variable. Differences in HL activity remained signifi-
cant between the MS group and controls (F=8.9, P=0.004) and
among obesity degree groups (F=6.4, P=0.003). Although HL
activity was not associated with age, we also included this vari-
able in the ANCOVA analysis. Differences in HL activity per-
sisted significantly between the MS group and controls (F=5.2,
P=0.02) and among obesity degree groups (F=4.1, P=0.02).

It is important to point out that HL. as TG-hydrolase directly
correlated with HL as phospholipase: = 0.79, P<0.001.

LPL Activity
Patients with MS presented lower LPL activity than controls:
0.75 (0.04-2.10) versus 1.38 (0.56-2.58) pumol FFA/mL
PHP.h, P<0.001. In the whole population, there was no dif-
ference in LPL activity between men and women: 0.99 (0.26—
1.55) versus 1.15 (0.04-2.58) umol FFA/mL PHP.h, P=0.160,
and it was not associated with age (r=—0.171; P=0.173).

When obesity degree was considered, LPL activity was
significantly decreased in OW group: 0.81 (0.19-1.34) umol
FFA/mL PHP.h and OB group: 0.75 (0.04-2.10) umol FFA/mL
PHP.h compared with NW group: 1.54 (0.56-2.58) pmol
FFA/mL PHP.h, P=0.015 and P=0.004, respectively (Figure 3).

Although no correlations with age and sex were observed,
we performed an ANCOVA analysis including age and
sex as independent variables. Differences in LPL activity
remained significant between the MS and control groups
(F=10.7, P=0.002 and F=12.1, P=0.001, respectively) and
among obesity degree groups (F=5.9, P=0.004 and F=6.6,
P=0.002, respectively).

The expected relationship between LPL activity and
%TG-VLDL (r=-0.636, P=0.04) and TG/apolipoprotein B
index (r=—0.783, P=0.013) was indeed found in the control

A 35 - p=0.025 B 354 p=0.017

- J . j .

Z 30 i 5. % . :
b% 25 4 § 5 251 . Figure 2. Hepatic lipase (HL) activity
:E E 20 A s l ;é 20 . : in (A) control and metabolic syndrome
S22 15 - ] . g “—é‘ 15- ) I . (MS) group and (B) HL activity in differ-
= = | { . Tz l ] I : ent obesity grades: normal weight (NW),

= 10 - S 104 overweight (OW), and obese (OB). FFA

5 5 l 2= 5l l I ' I I indicates free fatty acids.

0 : :
TG PH TG PH " IGPH' TGPH' TGPH
CONTROL MS NW ow OB
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group. However, in this group, only weak associations between
LPL activity and insulin (r=-0.462, P=0.04) and HOMA-IR
index (r=—0.468, P=0.037) were found.

Discussion
In the present study, we evaluated the role of EL, HL, and LPL
activity in the lipoprotein abnormalities associated with MS
and obesity. It is important to highlight that this is the first time
that EL and HL as phospholipases were evaluated in MS and
obesity. Moreover, to our knowledge, this study is the first that
reports all 3 lipoprotein lipases activity in the same population.

It is well known that obesity and associated IR are main
contributors to cardiovascular disease.”® These relationships
are directly linked with lipids and lipoproteins alterations
which include elevated TG and lower HDL-C.

In this study, we showed for the first time that EL activity
is increased in individuals with higher obesity degree and is
associated with lower HDL-C and apolipoprotein A-I levels.
Previous studies have shown that overexpression of EL in
mice results in a dramatic decrease in HDL-C and apolipo-
protein A-I levels, leading to the production of smaller HDL
particles.!® Furthermore, several studies in human plasma
demonstrated higher expression of EL in MS?* and obesity?
associated with a significant decrease of HDL-C levels. In this
study, we evaluated EL activity, and no significant difference
between controls and patients with MS was found. However,
there was a trend toward increase in EL activity in MS, and
the lack of significance may reflect the inherent high assay
variability. In this respect, a direct EL activity assay where HL
is removed by immunoprecipitation would be useful. Further
studies including larger number of patients would possibly
allow us to obtain significant differences between groups.
When the subjects were analyzed according to their obesity
degree, those with the highest obesity grade presented the
highest EL activity. Our results support the previous findings
of Badellino et al*® who showed that plasma EL concentra-
tion is positively correlated with markers of adiposity, such
as BMI and waist circumference in healthy individuals. Part
of the association observed between EL and obesity could
be attributed to the impact of the IR state, corroborated by
the correlation between EL activity and the HOMA index
in individuals with MS and controls. This finding is held up
by the increased EL activity observed at the highest HOMA
quartile. Additionally, it is important to highlight that, in con-
trast to LPL and HL, EL activity was associated with lower
HDL-C and apolipoprotein A-I levels in individuals with MS
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and controls. Although IR would be the best predictor of EL
behavior, this study is the first to report an inverse association
between EL activity and adiponectin in individuals without
MS. It should be noted that adiponectin was also associated
with HL phospholipase activity, suggesting a possible role of
this cytokine in phospholipase activity regulation. Until now,
it has only been described an inverse association between EL
concentration and adiponectin levels in healthy individuals.?
However, in vitro studies showed that tumor necrosis factor-a
may stimulate EL secretion; thus, adiponectin would affect
EL indirectly by inhibiting tumor necrosis factor-o..?® Further
studies are necessary to elucidate this finding.

Regarding HL, as expected, TG-activity was increased
in MS group. HL activity seems to be regulated by several
factors including age? and sex.?”-?® It has been reported that
men have twice as high HL activity as women® and, in
accordance, we have observed that men presented higher HL
activity than women; however, the higher HL activity in the
MS group was independent of sex and age. Even more, HL
activity was increased in the OB group; these results sug-
gest that the severe states of obesity would be implicated in
the regulation of the enzyme, as described in other studies.?!
The specific mechanism that links HL activity to hyperinsu-
linemia and IR remains unclear. It is known that patients with
type 1 diabetes mellitus present low HL activity,'” and that
chronic hyperinsulinemic states show increased activity of
the enzyme.'® It was suggested that secondary factors might
contribute to the regulation of HL in obesity and IR states®’;
in fact in our study, only in the MS group, a weak association
between HL activity and IR markers was found. HL activity
directly correlated with atherogenic lipoprotein profile only
in the control group. When analyzing HL as phospholipase,
no differences between groups, MS or obesity degree, were
observed. HL phospholipase activity inversely correlated
with HDL and apolipoprotein A-I levels in Control group.
HL enzyme activities, as TG-lipase and phospholipase, were
directly correlated within individuals. The differences in
importance within a disease state may reflect their different
in vivo substrates: VLDL and LDL for TG-lipase activity and
HDL for phospholipase activity.

According to our results, HDL-C levels would be influ-
enced by phospholipase activities of EL as well as HL, with
EL mainly responsible for HDL catabolism. Both HL and EL
variants have been shown to affect HDL-C.?!** Because often
they are similarly regulated, it is important to note which is
the predominant determinant of HDL-C. The present data
along with our previous analysis of individuals undergoing
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Table 5. LPL, HL, and EL behavior in Metabolic Syndrome
and Obesity

LPL HL-TG HL-PL EL
MS I T = =/
Obesity ! 1 = 1

EL indicates endothelial lipase; HL, hepatic lipase; LPL, lipoprotein lipase;
MS, metabolic syndrome; PL, phospholipids; and TG, triglycerides.

hemodialysis!! suggest that HDL-C decrease is mainly associ-
ated with EL activity. Our findings extend previous reports
about factors that can modulate HDL-C levels, such as leci-
thin cholesterol acyl transferase, and ATP-binding cassette
subfamily A member 1 expression, among others.*

With reference to LPL, this study shows a significant
decrease in plasma activity in individuals with MS. Previous
studies reported lower LPL mass in individuals with MS,"
as well as negative correlations with BML* Our results of
LPL activity in post heparin plasma are in agreement with
the reported findings; we found a significant decrease from
OW situations with a clear decrease in OB. Recent stud-
ies have shown that the expression and activity of LPL in
post heparin plasma is lower in obese patients with diabetes
mellitus with respect to obese individuals without diabetes
mellitus and controls.” Moreover, a decrease in LPL gene
expression in the visceral adipose tissue from morbidly obese
individuals compared with obese and lean individuals has
been reported.® In our study, we observed that LPL activ-
ity was inversely associated with surrogate markers of IR
only in individuals without MS. With reference to the role
of LPL in VLDL catabolism, our data revealed the expected
inverse correlation with VLDL-TG content and size in the
control group; however, these associations were not found in
the patients with MS. These results are in accordance with
previous studies, which suggest that other factors have more
important regulatory roles in the removal of postprandial
lipoproteins in IR states.*%’

With respect to high-sensitivity C-reactive protein, in this
study, no significant association between this chronic inflam-
mation marker and lipolytic enzymes activity was found.
Different studies have shown controversial results according
to the effect of C-reactive protein on the expression and activ-
ity of the enzymes.?*3*38 In this study, the lack of association
between high-sensitivity C-reactive protein and the lipolytic
enzymes should not exclude more complex inflammatory
mechanisms in the regulation of enzyme activity.

Finally, in this study, we describe for the first time the
activity of the 3 main lipolytic enzymes, evaluated in the
same population, highlighting the specific role of each one
on the different lipoproteins metabolism. EL and HL as
phospholipase are both responsible for HDL catabolism.
Our results elucidate part of the remaining controversies
about the SN1 lipases activity in different grades of obesity.
The impact of IR and obesity on the 3 enzymes behavior
(Table 5) determines the lipoproteins alterations in these
pathological situations. Overall, lipolytic enzymes would
be an interesting potential therapeutic target as a strategy to
improve lipoprotein profile and reduce cardiovascular risk in
IR and obese patients.
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Significance

The novelty of this study is that this is the first time that endothelial and hepatic lipase activities as phospholipases have been evaluated
in metabolic syndrome and obesity. Additionally, this is the first study in which all 3 SN1 lipases were evaluated in the same population.
The altered lipoprotein profile observed in patients with insulin resistance and during obesity could be in part a consequence of differing

lipolysis of lipoproteins in these states.
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MATERIAL AND METHODS
Subjects

For the present study, 59 patients with Metabolic Syndrome (MS), according to Adult
Treatment Panel I definition," were consecutively selected at the Hepatology Unit of
Prof. Alejandro Posadas National Hospital (Buenos Aires, Argentina). All the MS
patients presented hepatic steatosis which was diagnosed by abdominal
ultrasonography performed by a single operator and in all cases confirmed by a liver
biopsy showing macro vesicular steatosis in at least 5% of hepatocytes. In parallel, 36
subjects recruited among hospital employee volunteers were selected as controls; all of
them underwent hepatic ultrasonography in order to discard steatosis.

The following exclusion criteria were considered for both groups: alcohol intake >20
g/day, diabetes, cardiovascular disease (CVD), neoplasia, hypothyroidism, recent
history of acute iliness, renal disorders, seropositive hepatitis B or C. None of the
subjects received corticosteroids, immunosuppressive agents or drugs known to
influence lipid metabolism such as statins or fibrates.

The weight, height and blood pressure of each participant were measured, and
body mass index (BMI) was calculated to evaluate obesity degree. Waist
circumference was taken midway between the lateral lower rib margin and the superior
anterior iliac crest in a standing position, always by the same investigator.

According to BMI, all the subjects were subdivided in: -Normal Weight (NW,
18.5< BMI<24.9 kg/m?), n= 27; Overweight (OW, 25 kg/m?< BMI<29.9 kg/m?), n= 20
and Obese (OB 230 kg/m?), n=48.

Written informed consent was obtained from all the participants included in the study.
The study had the approval of the Ethics Committees from the Faculty of Pharmacy
and Biochemistry, University of Buenos Aires.

Samples

After a 12-h overnight fast, blood samples were drawn. Serum was kept at 4°Cwithin
48 h for the evaluation of glucose, lipids and lipoproteins or stored at -70 °C for further
determination of insulin, free fatty acids (FFA), adiponectin, high sensitivity C-reactive
protein (hs-CRP) and VLDL, IDL and small and dense LDL isolation.

To measure LPL, HL and EL activities, heparin (60 IU/kg body weight) was
administered intravenously. After 10 minutes, blood from the contralateral arm was
collected in tubes on ice. Post-heparin plasma (PHP) was obtained by centrifugation at
1500 g at 4°C for 10 minutes and kept at -70°C.

Measurements

Total cholesterol, TG, and fasting glucose were measured using commercial enzymatic
kits (Roche Diagnostics, Mannheim, Germany) in a Cobas C-501 autoanalyzer,
coefficient of variation (CV) intra-assay<1.9%, CV inter-assay<2.4%, and averaging CV
values of these parameters. HDL and LDL-cholesterol were determined by
standardized selective precipitation methods, using phosphotungstic acid/MgCl, ? and
polyvinylsulfate ® as precipitating reagents, respectively CV intra-assay<2.0%, and CV
inter-assay<3.0%. Serum hs-CRP, apoA-l, and apoB-100 were determined by
immunoturbidimetry (Roche Diagnostics, Mannheim, Germany), CV intra-assay<1.9%,
and CV inter-assay<2.5% for the 3 parameters. FFA were determined by a
spectrophotometric method (Randox, UK) CV intra-assay <2.6% and CV inter-assay
<3.9% and insulin was measured with Immulite/Immulite 1000 Insulin (Siemens, USA),
CV intra-assay<2.6%, and CV inter-assay<3.9%. To estimate IR, the homeostasis
model assessment for insulin resistance (HOMA-IR) index was calculated as fasting

1



insulin (pU/mL)xfasting glucose (mmol/L)/22.5. TG/HDL-cholesterol index was also
used as a surrogate marker of IR. Sera levels of adiponectin were determined by
monoclonal antibody—based ELISA (R&D Systems, USA).

Lipoprotein measurements

VLDL and IDL isolation. VLDL [density (d) <1.006 g/ml] and IDL [d:1.006—1.019 g/ml]
were isolated by sequential preparative ultracentrifugation,” in a Beckman XL-90 using
a fixed-angle rotor type 90 Ti. Each run was performed at 105.000xg, for 18 h, at 14
°C. Purity of lipoprotein was tested by agarose gel electrophoresis. Isolated VLDL
composition was characterized by the following parameters: cholesterol and TG, using
the methods previously described, phospholipids by the Bartlett method® and proteins
by the Lowry method.® Data was expressed as the percentage of each component.
VLDL TG/protein (TG/PT) ratio was calculated as estimator of lipoprotein size. In order
to assess IDL concentration, its cholesterol content was measured, as described
before.

VLDL size by high performance liquid chromatography (HPLC). In brief, isolated VLDL
were injected in a column TSK-Gel Lipopropack XL, 7.8 mm IDx30 cm(Tosoh, Japan)
and runs were performed using as mobile phase: Tris acetate buffer 0.05 mol/l (pH 8)
containing 0.3 mol/l sodium acetate,0.05% sodium azide and 0.005% Brij-35. Flow rate
was 0.5 ml/min and the column eluate was monitored at 280 nm. ’ For the conversion
of elution time in particle diameter, a standard curve was used, constructed with the
logarithm of retention time and the logarithm of the diameter of standard diameter latex
particles, 100 nm in diameter (Fluka, Sigma-Aldrich) and of 27 and 39 nm in diameter
(MagspherelNC).

Small and dense LDL isolation. The small and dense LDL subfraction was measured
by a precipitation commercial kit (sdLDL-C, Denka Seiken, Japan) using heparin
sodium salt and MgCl,. After precipitation LDL-cholesterol was measured by a direct
and selective homogenous assay method (LDL-EX; Denka Seiken, Japan).® Results
were calculated as sdLDL-chol mg/dl serum and expressed as percentage.

Lipase Activities

Lipoprotein Lipase and Hepatic Lipase as TG hydrolase. LPL and HL as TG hydrolase
were determined in PHP by measuring the oleic acid produced by the enzyme-
catalyzed hydrolysis of an emulsion containing [*H]-triolein (Amersham TRA191;
Amersham, Buckinghamshire, UK) according to Nilsson-Ehle method.® The assay
mixture for LPL activity contained labelled and unlabelled Triolein (Sigma T-7140) (1.3
mmol/ml of glyceryltrioleate with a specific activity of 10 x10°cpm/mmol), mixed with
0.11 mmol/ml of L-lysophosphatidylcholine (Sigma L-4129), 4% bovine serum albumin
(Sigma A-6003), 10% v/v of human serum as source of apoC-Il in 0.2 M buffer Tris—
HCI pH 8.0 with NaCl 0.3 M. This mixture was incubated with PHP in saline solution
1:10 to determine the total lipolytic activity, and simultaneously with PHP in saline
solution 1:5 and NaCl 1M (as inhibitor of LPL) for 30 minutes at 37°C. After incubation,
the reaction was stopped and the released fatty acids were isolated by extraction with a
carbonate-borate buffer, pH 10.5. The [*H] oleic acid was quantified by counting with a
Liquid Scintillation Analyzer (Packard TRI-CARB 2100; Packard Instruments, Meridian,
CT). LPL activity of each individual was calculated from the difference between total
activity and the activity measured in presence of NaCl 1M.

For HL, the assay mixture was prepared as previously described using 0.2 M buffer
Tris—HCI pH 9.0 with NaCl 0.15 M and without human serum. In this case, the mixture
was incubated with PHP in saline solution 1:10 and NaCl 1M (as inhibitor of the other
lipases) for 30 min at 30°C. After the incubation, the extraction and measurement of



free fatty acids was perform as described above. Results were expressed as umolFFA
released per milliliter of PHP per hour. CV intra-assay was 4% and CV inter-assay 9%.
Because of the complexity of this assay, the CV is considered to be quite satisfactory.

Endothelial Lipase and Hepatic Lipase as Phospholipase. EL and HL as phospholipase
were determined as previously described.” Briefly, total SN1-specific phospolipase
activity was determined using (1-decanoylthio-1-deoxy-2-decanoyl-sn-glycero-3-
phosphoryl) ethylene glycol (ThioPEG) as the substrate.™ An emulsion of 4.09mmol/L
ThioPEG (Avanti) in 100mmol/L HEPES, pH 8.3, and 7mmol/L Triton X-100 was
prepared by sonication with a Bransom Sonifier. A 1:1 mol mixture of ThioPEG to 5,5'-
dithiobis (2-nitrobenzoic acid) (DTNB) was prepared by adding the DTNB 271mmol/L
(Sigma) solution to the ThioPEG emulsion, resulting in a chromogenic substrate
solution. Total SN1 phospholipase activity was measured by adding 20 pyL of a one-
tenth dilution of PHP and 80 pL of chromogenic substrate to the wells of a 96-well plate
and following the absorbance at 412 nm for 30 minutes in a Molecular Devices Spectra
Max 250 microplate reader. To determine the HL phospholipase activity, the PHP
dilutions were pre-incubated in ice for 15 minutes with 1mol/L NacCl to inhibit the EL
activity. Then, the chromogenic substrate solution was added, and the plate was read
at 412nm as described previously. Finally, EL activity was calculated as the difference
between total phospholipase activity and hepatic phospholipase activity. The intra-
assay CV for HL and EL were 3.1%, and 15.7%, respectively. The inter-assay CV for
HL and EL were 5.3% and 28.8%, respectively. The EL CV is higher because it is the
difference between total lipase and HL. All enzyme activities were calculated using the
molar adsorption coefficient value for the nitro-5-thiobenzoate anion, the depth of
solution, and the volume of the enzyme source. Results were expressed in pmol of
FFA per milliliter of PHP per hour.

Statistical Analysis

Data are presented as mean+SD or median (range) according to normal or skewed
distribution, respectively. Differences between Control and MS group were tested using
the unpaired Student t test, x2 test, or the Mann—Whitney U test, according to the data
distribution. One-way analysis of variance was used to test differences among patients
with different obesity degree. Previously, each variable was examined for normal
distribution, and abnormally distributed variables were log transformed. Further
evaluation was performed using Scheffé multiple comparison test. Pearson or
Spearman analysis, for parametric or non-parametric variables, was used to determine
correlations between parameters. To verify the difference of lipases activity between
groups, we performed an analysis of covariance, controlling for necessary confounders
such as age and gender. Stepwise and multiple linear regression analyses were used
to indentify independent correlates of enzymes activities. Previously, each variable was
examined for normal distribution, and abnormally distributed variables were log-
transformed. The SPSS 19.0 software package (Chicago, IL) was used for statistical
analysis.
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