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Abstract: We quantified the main phospholipids of erythrocyte membranes and lipid profile from patients with coronary
arterial disease (CAD). 202 patients between 22 and 86 years were classified in two groups: a group with CAD greater to
or equal to 50% (CAD > 50%) and a second group with CAD between zero and less than 50% (CAD<50%). Total phos-
pholipids was,161.1 + 12.0 nmol Ptotal/mg protein for patients with CAD and 137.7 + 17.6 nmol Ptotal/mg protein for the
patients with CAD < 50% (p=0.038). In the group of patients with CAD > 50%, we found a linear correlation between
sphingomyelin and total cholesterol (r = 0.69) and sphingomyelin and low-density lipoproteins cholesterol (LDL-c) (r =
0.74). This study found that sphingomyelin from membrane is directly related to plasma cholesterol and LDL in patients

with CAD > 50%.
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INTRODUCTION

Experimental and epidemiological evidence supports the
association between anomalies in plasma lipids and coronary
artery disease (CAD). Recent research has sought to estab-
lish an association among some phospholipids present in
plasma and in lipoproteins and CAD [1]. Many researchers
have described that cholesterol and some phospholipid com-
ponents of the erythrocyte membrane (EM) are related to the
atherosclerotic plaque, suggesting intervention of the eryth-
rocyte membrane or its constituents in the plaque formation,
maturity, and stability [2-4]. Sphingomyelin is one main
component of cell membranes and plasma lipoproteins and
some studies describe an association between high levels of
sphingomyelin and CAD [5]. Several works have described
that they participate in the formation of foam cells, athero-
sclerotic plaques and in the modification of LDL in the sub-
endothelial space. The sphingomyielinase (enzyme that hy-
drolyses sphingomyelin), seems to have an important role in
the process [6,7]. It has been demonstrated that ceramide, a
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product of sphingomyelin hydrolysis by sphingomyielinase,
accumulates on the surface of lipoproteins and promotes its
aggregation on the damaged tissue [7]. With these anteced-
ents, the aim of this study was to establish a relationship
among lipid profile, phosphatidylserine, phosphatedyl-
choline, and sphingomyelin from erythrocyte membrane of
patients with CAD documented by angiography.

MATERIALS AND METHODS
Population and Sample

The study included patients from both sexes sequentially
admitted to the Quindio Hemodynamics Center in Armenia-
Colombia between 2008 and 2009, with clinical necessity for
a coronary angiography, and history of cardiac ischemia and
at least one major cardiovascular event. The study did not
include pregnant patients, or patients with dysbetalipopro-
teinemia, diabetes, hyperlipidemia, uncontrolled hyperten-
sion, kidney damage, or untreated idiopathic nephritic syn-
drome. We just have access to basic dates of the patients
(lipid profile and grade of coronary obstruction). All they
were prospectively included and prior to the angiography
they signed an informed consent and filled out a question-
naire to obtain basic demographic data (age, sex, diet, per-
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sonal and family medical antecedents and other cardiovascu-
lar risk factors). The study was approved by the Bioethics
Committee at Universidad del Quindio.

Coronary Angiography

Conducted according to standard methods by an interven-
ing physician. The lesions were evaluated via the coronary
quantitative analysis (CQA) method by two independent
observers who were unaware of the laboratory results. Inter-
observer variability was at 3.8%. Obstructive disease of the
coronary arteries was defined as one or more stenosis >50%
in a major coronary artery or in any of its main ramifications.

This procedure permitted classifying the patients into two
groups; a first group with coronary obstruction greater to or
equal to 50% (CAD > 50%) and a second group with coro-
nary obstruction between zero and less than 50% (CAD <
50%).

Blood Samples and Biochemical Analyses

The samples were obtained after 8-12 hours of fasting
during the angiographic procedure and sent to the laboratory.
The laboratory personnel did not know the patient infor-
mation and could only identify the samples by number. For
lipid profile analysis, blood collected in dry tube was used.
Serum was obtained via centrifugation at 2500 g for 15
minutes, at 4 °C, separated in micro-tubes and stored at -20
°C until use. Lipid profile parameters were determined from
serum, using as reference values those from the ATP 11 [8].
Total cholesterol (Cy), Trialcylglycerides (TAG), and high-
density lipoprotein cholesterol (HDL-c) were measured
through enzymatic methods (Sera-Pak plus kit from Bayer).
For those with triglycerides below 400 mg/dl, the LDL Cho-
lesterol (LDL-c) was calculated with the Friedewald equa-
tion [9] and the VLDL = TAG/5.

Lipid Extraction of Erythrocyte Membranes

5 ml of blood was collected in a tube with Ethylene
diamine-tetraacetic acid (EDTA); it was centrifuged at 2280
rpm for 30 min., eliminating plasma and the leukocyte layer.
The red blood cells were washed three times with five vol-
umes of NaCl 0.89%; 1 ml was taken from the package of
erythrocytes and 10 volumes of chloroform: methanol (2:1)
were aggregated with 0.05% of Hydroxybutyrate (HB) as
antioxidant; this was centrifuged for 15 min at 2500 rpm, the
supernatant was eliminated and the lower phase was stored;
the extraction procedure was repeated twice. The lower
phases were mixed and dried under nitrogen atmosphere and
resuspended in 1 ml chloroform: methanol (2:1) in HB [10].

Quantification of Total Proteins

This was carried out via bicinchoninic acid (BCA) meth-
od [11]: briefly: 1 ml BCA was added to the standard and to
the samples, it was incubated for 10 min at 60 °C and read at
562 nm in a spectrophotometer (Thermo electron corpora-
tion, Genesis 10uv model).

Quantification of Total Phospholipids (Py): Phospholipids
were Measured by their Content in Phosphorus

Briefly: 50 pl of Mg(NO3).6H,0 10% in ethanol was
added to 50 pl of the chloroform-methanol-BTH re-
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suspension, incubating until completely evaporating the
solvent, 300 pL of HCl 1N were added heating for 15 min.,
in boiling water, then 700 ul of (1:6) Ascorbic acid 10% and
Ammonium molybdate 0.42% in H,SO4 1N were added and
incubated for 30 min at 45 °C. This was read at 820 nm in
the spectrophotometer (Thermo Electron Corporation, Gene-
sis 10uv model). The concentration was obtained from a
calibration curve carried out with H,KPQ,, and it was ex-
pressed as nmol P; /mg of protein; where P; = inorganic
phosphorus.

Polar and Neutral Lipid Separation (Cholesterol)

Polar and neutral lipids were separated via thin layer
chromatography (TLC) using 20 x 20 silica gel layers (silica
gel 60, Aldrich). Briefly: 50 pl of the chloroform-methanol-
HB re-suspension were placed on a plaque and circumvented
with a mixture of Heptane: Isopropyl ether: acetic acid
(60:40:4 v/v). The position of the lipids was revealed with
iodine vapor. The bands corresponding to cholesterol were
scraped and the total phospholipids and the scraping were re-
suspended in chloroform: Methanol (2:1). The cholesterol
standard was used in each plaque.

Quantification of Cholesterol

The cholesterol obtained in the previous step was re-
suspended in Heptane: Isopropyl ether: acetic acid (60:40:4)
and quantified via gas chromatography. An amount of 1 pl
was injected to the gas chromatograph (Agilent 6890) with
split 100:1 at 200 °C. The column temperature is 275°C
with a Nitrogen flow at 25 ml/min, FID detector at 300 °C.

Separation Phospholipids

100 I of the total phospholipids obtained in the TLC,
were fractioned by a second TLC (silica gel 60, 20x20, Al-
drich) by using as running liquid a mixture of chloroform:
methanol: 30% (17:7:1), the position of each phospholipid
was revealed with iodine vapor, they were scraped and re-
suspended in chloroform: methanol (2:1). Phosphatidyl-
choline, phosphatidylethanolamine, and sphingomyelin
standards were placed on each plaque. The quantification of
each phospholipid was conducted by its content in inorganic
phosphorus according to the previously described procedure.

Statistics

This was a descriptive-type study. The Kolmogorov-
Smirnov test was performed to determine the parametric and
non-parametric behavior of the variables included in the
study, and then a descriptive analysis was conducted on each
of them. Student t and Mann Whitney tests were applied to
compare each of the variables against coronary obstruction.
Lastly, Pearson’s and Kendall’s tests were conducted to
determine the la relationship of the erythrocyte membrane
variables with the lipid profile parameters; all this by means
of the SPSS 14 statistical package.

RESULTS

Population and Sample

the study included 202 patients, (69.8%) were classified
with significant coronary obstruction (CAD > 50%) and
(31.6%) with insignificant coronary obstruction (CAD <
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50%). Table 1, shows demographics characteristics of the
population.

Lipid Profile

El test de Mann-Whitney test for lipid profile among
groups revealed that only VLDL cholesterol was highest
with the group with CAD > 50% compared to the group with
CAD < 50%, (p=0.05) (Table 2).

Erythrocyte Membrane Cholesterol (EMC)

The median and the 25-75 percentiles of the EMC con-
centration of the total population was 10.7 (7.1 - 15.0)
nmol/mg protein; for the group with CAD > 50% it was 10.6
(6.9 — 15.8) nmol/mg protein, and for the group with
CAD<50%, it was 10.9 (7.6 — 14.2) nmol/mg protein, with-
out significant differences among the groups (P = 0.91).

Total Phospholipids

The mean phospholipids concentration for the total popu-
lation was of 154.1 + 10.0 nmol Py,/mg protein. The con-
centration of total membrane phospholipids was greater for
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patients with CAD > 50% (161.1 £ 12.0 nmol Pyy/mg pro-
tein) compared to patients with CAD < 50% (137.7 + 17.6
nmol Py/mg protein), con significant differences among
groups (p = 0.038).

Individual Phospholipids

Three of the majority phospholipids were separated from
the total phospholipids, sphingomyelin, phosphatidylethano-
lamine, and phosphatidylcholine. Their concentration (medi-
an and 25-75 percentiles) in EM of the general population
was 13.3 (0.2 — 32.1), 12.5 (0.2 — 29.6), and 13.1 (0.2 - 29.6)
Pi/mg protein, respectively, without significant differences
among them. Analysis of the three phospholipids between
the two study groups did not show significant differences
(Table 3).

Membrane Lipids and Lipid Profile Relationship

For the total population the correlation analysis between
erythrocyte membrane lipids and lipid profile revealed a
linear association between sphingomyelin and total choles-
terol (r = 0.75) and between sphingomyelin and LDL choles-
terol (r = 0.83), (Table 4).

Table 1. Demographic Characteristics of the Study Population
CAD
Characteristics Total
>50% <50%
n 202 141 61
Age (years) 61.58 +1.63 63.4+1.9 57.4+3.1
Gender (M/F) 137/65 105/36 32/29
M=male; F= female; CAD = Coronary Arterial Disease.
Table 2. Plasma Lipid Profile in Study Groups
Study Groups
Mann-Whitney Test
MEMBRANE LIPIDS
Median (P25-P75)
P
CAD > 50% CAD < 50%
Triglycerides (mg/dl) 143.0 (119.0-194.0) 143.0 (98.3-174.5) 0.12
VLDL (mg/dI) 28.6 (28.6-38.8) 27.4 (19.5-33.9) 0.05
LDL (mg/dI) 102.2 (79.0-124.6) 110.6 (76.0-136.6) 0.41
T-Student
Mean
Cl 95% p
CAD > 50% CAD < 50%
Total cholesterol (mg/dl) 173.2 180.7 6.9-21.7 0.31
HDL (mg/dI) 33.4 355 0.7-4.9 0.14

CAD-= coronary arterial disease
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The correlation analysis in the groups revealed a linear
relation between sphingomyelin and total cholesterol and
between sphingomyelin and LDL cholesterol in the group of
patients with CAD > 50% (r = 0.69, p = 0.04; r = 0.74, p =
0.01 respectively), but not in the group with CAD < 50%
(Table 5).

Table 3.  Analysis of Erythrocyte Membrane Lipids
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Additionally we determined the association of
sphingomyelin levels with age and gender. We found a nega-
tive correlation, where the amount of sphingomyelin de-
creased when age increase (p = 0.05). The gender has no
influence with concentration sphingomyelin in membranes.

Study groups P
MEMBRANE LIPIDS
CAD >50% CAD < 50%
sphingomyelin (nmol Pi/mg protein) 13.1(0.2-32.2) 13.4 (0.2-32.5) 0.97
phosphatidylcholine (nmol Pi/mg protein) 12.4 (0.2-32.2) 12.6 (0.2-26.1) 0.54
phosphatidylethanolamine (nmol Pi/mg protein) 17.7 (0.2-30.4 12.3 (0.5-26.3) 0.79
Cholesterol 10.6 (6.9-15.8) 10.9 (7.6-14.2) 0.91

CAD-= coronary arterial disease. Values are given in Median (Pzs-P7s)

Table 4. Plasma Lipid Profile Correlation and Erythrocyte Membrane Lipids in Total Population

LIPID PROFILE
MEMBRANE LIPIDS Total Cholesterol Triglycerides HDL VLDL LDL
r (p). r (p). r (p). r (p). r (p).
total lipids (nmol Pi/mg protein) -0.03 (0.56) 0.03 (0.77) -0.04 (0.66) 0.03 (0.46) -0.04 (0.32)
sphingomyelin (nmol Pi/mg protein) 0.75 (0.03) -0.04 (0.63) 0.04 (0,36) -0.02 (0.64) 0.83 (0.02)
phosphatidylcholine (nmol Pi/mg protein) 0.00 (0.11) -0.04 (0.33) 0.05 (0.25) -0.02 (0.34) -0.01 (0.10)
phOSphaﬁdy'em;:;Zgine (nmol P/mg 0.04 (0.74) -0.06 (0.66) 0.01 (0.67) -0.05 (0.78) 0.05 (0.62)

Table 5. Plasma Lipid Profile Correlation and Erythrocyte Membrane Lipids in the Study Groups

LIPID PROFILE

MEMBRANE LIPIDS
r (p).

Total Cholesterol Triglycerides HDL VLDL LDL

r(p). r(p). r(p). r(p).

>50% <50% >50

CAD CAD CAD CAD CAD CAD CAD CAD CAD CAD

% <50% >50% <50% | =50% <50% >50% | <50%

Sphingomyelin (nmol Pi/mg protein)

-0.02 -0.06 0.05 0.02 0.00 -0.12 0.04 -0.02 -0.04 -0.04
Total Lipids (nmol Py/mg protein) (0.92) (0.26) (0.54) | (0.67) 0.12) (0.79) | (0.19) | (0.36) | (0.59) | (0.09)
0.69 0.01 -0.05 -0.01 0.06 0.00 -0.05 0.04 0.74 0.12

(0,04) (054) | (0.76) | (039) | (0.15) | (0.78) | (0.91) | (056) | (0.01) | (0.78)

Phosphatidylcholine (nmol Pi/mg protein)

0.01 -0.02 0.01 -0.17 0.03 014 | 001 011 | -003 | 001
(030) | (0.26) | (065) | (0.28) | (0.02) | (0.42) | (0.60) | (0.28) | (0.13) | (0.46)

Cholesterol (nmol/mg protein)

Phosphatidylethanolamine (nmol Pi/mg 0.05 0.01 0.11 -0.22 -0.02 0.14 0.01 -0.19 0.04 0.06
protein) (0.84) (0.80) (0.21) (0.09) (0.76) (0.06) (0.31) (0.06) (0.49) | (0.90)
0.06 -0.23 -0.02 -0.13 0.07 -0.01 -0.02 -010 0.03 0.20

068) | (0.00) | (092) | (0.22) | (0.24) | (0.39) | (0.91) | (0.37) | (0.90) | (0.01)

CAD= Coronary Arterial Disease
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DISCUSSION

This study describes the ratio of plasma lipids and some
erythrocyte membrane lipids of patients with and without
significant coronary obstruction. We first characterized the
study population, then the lipid profile, and finally the total
phospholipids, sphingomyelin, phosphatidylcholine, and
phosphatidylserine and their ratios.

Characterization of the population revealed that the fre-
quency of coronary obstruction is greater in men than in
women and that increased with age in both genders. Similar
results has been reported by others in patients with coronary
obstruction where gender and age are parameters that in-
crease the probability of this condition [12,13].

Although high levels of total plasma cholesterol and
cholesterol in the LDL have been identified as risk factors in
coronary disease, in our study the population had normal
values of both components but low concentrations of HDL
cholesterol. No significant relation was found of these fac-
tors with coronary disease, suggesting that others could be
the causal factors of the disease in our population.

In the search for some these factors, we investigated the
lipids of erythrocyte membranes, among them the cholester-
ol. It has been demonstrated that cholesterol content in eryth-
rocyte membranes is greater than that of the other cells of the
organism [4]. Also, evidence is available for the presence of
erythrocyte membranes in the necrotic center of the athero-
sclerotic plaques of individuals with sudden death by coro-
nary causes [3], suggesting the participation of these mem-
branes or their lipids in the development of atherosclerosis;
however, this work found no differences in cholesterol con-
tent of membranes between both study groups. This result is
coherent with the physiology of the membranes, if we under-
stand that the plasma levels of cholesterol of the two study
groups were similar and they were in the normality range, as
occurred with the LDL cholesterol; hence, a substantial mod-
ification was not expected in the flow of these lipids between
membranes and plasma, as shown by some studies where the
membrane cholesterol content is modified by the lipid con-
centration in the plasma [14,15].

Other important components of cell membranes are the
phospholipids, among which are sphingomyelin and
phosphatidylcholine, as main lipids in the external monolay-
er, while phosphatidylserine and phosphatidylethanolamine
are in the internal monolayer, one and the other joined to
minority components [16]. This lipid asymmetry is main-
tained through diverse cell mechanisms; it loss leads to alter-
ations in the composition of the membrane and, hence, of its
physiological and structural functions, as has been shown by
studies of diverse diseases — among them atherosclerosis
[14,15]. Our work found greater content of total phospholip-
ids in membranes of patients with CAD > 50% compared to
patients with CAD < 50%; the differences were significant,
which suggests a variation in the content of one or several of
the individual membrane phospholipids; however, the con-
centrations of phosphatidylserine, phosphatidylethanolamine
and sphingomyelin were similar in both groups; this meaning
that possibly other phospholipids (which are not measured
here, for example phosphatidylserine) could be making the
difference. Several studies have shown that externalization

The Open Clinical Chemistry Journal, 2012, Volume 5 31

of phosphatidylserine is related to pro-inflammatory events
or cardiovascular risk [17,18].

In this work, the exploration of the relationship between
phospholipids and plasma lipids yielded a direct relation
among membrane sphingomyelin, total cholesterol, and LDL
cholesterol in the general population and in the group with
CAD > 50%; thus, this last result relates sphingomyelin with
coronary disease in this population. These findings are co-
herent with other studies where an important role has been
shown for sphingomyelin and sphingomyielinase in the ag-
gregation of lipoproteins and the formation of foam cells
[19], and some authors have even shown that sphingomyelin
stimulates atherosclerosis when its circulating concentration
is increased [20], attributing it atherogenic properties [1].
Several mechanisms are proposed for the atherogenic action
of sphingomyelin, among them its hydrolysis in LDL to
ceramide by the endothelial sphingomyielinase [7]. The
ceramide increase in lipoproteins promotes their aggregation
while also promoting their retention in the atherosclerotic
lesions leading to the formation of foam cells [21,22]; the
sphingomyielinase activity is promoted by atherogenic in-
flammatory cytokines [23].

The direct relationship among sphingomyelin, total cho-
lesterol, and LDL-c found in the present study in the group
of patients with significant coronary obstruction, possibly
indicates that this would be one of the atherogenic mecha-
nisms in this population, given that LDL-c levels were nor-
mal, it would be interesting to investigate if these particles
are modified in this population group and if by some addi-
tional mechanism the low levels of HDL-c contribute to the
genesis of the formation of atherosclerotic plaques in the
coronary arteries in this population.

In conclusion, this study found that membrane
sphingomyelin is directly related to total cholesterol and
LDL-c in patients with CAD > 50%. Further studies should
be aimed at explaining the mechanisms that establish the
relationship among sphingomyelin, plasma lipids, and coro-
nary obstruction in patients from our population.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ACKNOWLEDGEMENTS

This study was supported by COLCIENCIAS, grant
111340820436-304-2007 and Universidad del Quindio grant
376-2007.

REFERENCES

[1] Nelson, J.C.; lJiang,X-C.; Tabas, I.; Tall, A.; Shea, S. Plasma
sphingomyelin and subclinical atherosclerosis: findings from the
multi-ethnic study of atherosclerosis. Am. J. Epidemiol., 2006, 163,
903-912.

[2] Arbustini, E.; Morbini, P.; D’Armini, A.M.; Repetto, A.; Minzioni,
G.; Piovella, F.; Vigano, M.; Tavazz, L. Plaque composition in
plexogenic and thromboembolic pulmonary hypertension: the criti-
cal role of thrombotic material in pultaceous core formation. Heart,
2002, 88, 177-182.

[3] Kolodgie, F.D.; Herman, K.G.; Burke, A.P.; Burke, A.P.; Fowler,
D.R.; Kruth, H.S. Intraplaque hemorrhage and progression of coro-
nary atheroma. N. Engl. J. Med., 2003, 349, 2316-2325.



32 The Open Clinical Chemistry Journal, 2012, Volume 5

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

Tziakas, D.N.; Kaski, J.C.; Chalikias, G.K.; Romero, C.; Freder-
icks, S.; Tentes, I.K.; Kortsaris, A.X.; Hatseras, D.l.; Holt, D.W.
Total cholesterol content of erythrocyte membranes is increased in
patients with acute coronary syndrome: a new marker of clinical in-
stability? J. Am. Coll. Cardiol., 2007, 49, 2081-2089.

Jiang, X.C.; Paultre, F.; Pearson, T.A.; Reed, R.G.; Francis, C.K,;
Lin, M.; Berglund, L.; Tall, A.R. Plasma sphingomyelin level as a
risk factor for coronary artery disease. Arterioscler. Thromb. Vasc.
Biol., 2000, 20, 2614-2618.

Marathe, S.; Kuriakose, G.; Williams, KJ.; Tabas, |I.
Sphingomyelinase, an enzyme implicated in atherogenesis, is pre-
sent in atherosclerotic lesions and binds to specific components of
the subendothelial extracellular matrix. Arterioscler. Thromb. Vasc.
Biol.; 1999, 19, 2648-2658.

Devlin, C.M.; Leventhal, A.R.; Kuriakose, G.; Schuchman, E.H.;
Williams, K.Jon.; Tabas, I. Acid sphingomyelinase promotes lipo-
protein retention within early atheromata and accelerates lesion
progression. Arterioscler. Thromb. Vasc. Biol., 2008, 28, 1723-
1730.

National Cholesterol Education Program (NCEP). Expert panel on
detection, evaluation and treatment of high blood cholesterol in
adults (Adults Treatment Panel I11). Third Report of the National
Cholesterol Education program Adult Treatment I1l. JAMA, 2001,
285, 2486-2498.

Friedewald, W.F.; Levy, R.l.; Fredrickson, D.S. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma
without use of the preparative ultracentrifuge. Clin. Chem., 1977,
18, 499-502.

Folch, J.; Ascoli Lees, M.; Stanly, G. A simple method for the
isolation and purification of total lipids from animal tissues. J. Biol
Chem., 1956, 226, 497-509.

Smith, P.K.; Krohn, R.I.; Hermanson, G.T.; Mallia, A.K.; Gartner,
F.H.; Provenzano, MD. Measurement of protein using
bicinchoninic acid. Anal. Biochem., 1985, 150, 76-85.

Gurfinkel, E.; Vigliano, C.; Meckert, P.C.; Bertolotti, A.; Favaloro,
R.; Troncoso, J.C. Presencia de placas coronarias vulnerables en
mujeres de mediana edad que sufrieron muerte cerebral. Rev. Ar-
gent. Cardiol., 2009, 77, 478-486.

Tardif, J.C. Coronary artery disease in 2010. Eur. Heart J. Suppl.,
2010, 12(Supp: C), C2-C10.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Jiménez et al.

Albert, C.M.; Ruskin, J.N. Risk stratifiers for sudden cardiac death
(SCD) in the community: primary prevention of SCD. Cardiovasc.
Res., 2001, 50, 186-196.

Barcel6, F.; Perona, J.S.; Prades, J.; Funari, S.S.; Gomez-Garcia,
E.; Conde, M.; Estruch, R.; Ruiz-Gutiérrez, V. Mediterraneanstyle
diet effect on the structural properties of erythrocyte cell membrane
of hypertensive patients: the prevencion con dieta mediterranea
study. Hypertension, 2009, 54, 1143-1150.

Leonardi, R.; Frank, M.W.; Jackson, P.D.; Rock, C.O.; Jackowski,
S. Elimination of the CDP—ethanolamine pathway disrupts hepatic
lipid homeostasis. J. Biol. Chem., 2009, 284, 27077-27089.

Wang, Y.; Beck, W.; Deppisch, R.; Marshall, S.M.; Hoenich, N.A.;
Thompson, M.G. Advanced glycation end products elicit externali-
zation of phosphatidylserine in a subpopulation of platelets via 5-
HT2A/2C receptors. Am. J. Physiol. Cell Physiol., 2007, 293,
C328-C336.

del Conde, I.; Nabi, F.; Tonda, R.; Thiagarajan, P.; Lope, J.A;
Kleiman, N.S. Effect of P-selectin on phosphatidylserine exposure
and surface-dependent thrombin generation on monocytes.
Arterioscler. Thromb. Vasc. Biol., 2005, 25, 1065-1070.

Jiang, X.; Paultre, F,; Pearson, TA,; Reed, RG,; Francis, CK,; Lin,
M. Plasma sphingomyelin level as a risk factor for coronary artery
disease. Arterioscler. Thromb. Vasc. Biol., 2000, 20, 2614-2618.
Park, T.; Panek, R.L.; Mueller, S.B.; Hanselman, J.C.; Rosebury,
W.S.; Robertson, A.W. Inhibition of sphingomyelin synthesis re-
duces atherogenesis in apolipoprotein E—knockout mice. Circula-
tion, 2004, 110, 3465-3471.

Skale’n, K.; Gustafsson, M.; Rydberg, E.K.; Hulten, L.M.;
Wiklund, O.; Innerarity, T.L.; Bore'n, J. Subendothelial retention
of atherogenic lipoproteins in early atherosclerosis. Nature, 2002,
417, 750-754.

Oorni, K.; Posio, P.; Ala-Korpela, M.; Jauhiainen, M.; Kovanen,
P.T. Sphingomyelinase induces aggregation and fusion of small
very low-density lipoprotein and intermediate-density lipoprotein
particles and increases their retention to human arterial proteogly-
cans. Arterioscler. Thromb. Vasc. Biol., 2005, 25, 1678-1683.
Wong, M.L.; Xie, B.; Beatini, N.; Phu, P.; Marathe, S.; Johns, A.;
Gold, P.W.; Hirsch, E.; Williams, K.J.; Licinio, J.; Tabas, I. Acute
systemic inflammation up-regulates secretory sphingomyelinase in
vivo: a possible link between inflammatory cytokines and
atherogenesis. Proc. Natl. Acad. Sci. USA, 2000, 97, 8681-8686.

Received: August 05, 2012

© Jiménez et al.; Licensee Bentham Open.

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.

Revised: November 05, 2012

Accepted: November 05, 2012



