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Abstract

Aim: Ceramide is claimed to participate in development of atherosclerosis. Another bioactive sphingolipid,
namely sphingosine-1-phosphate has anti-atherogenic properties. The aim of the present study was to examine the
level of ceramide, sphingosine-1-phosphate, sphinganine-1-phosphate, sphingosine and sphinganine in plasma,
erythrocytes and platelets of patients with multivessel coronary artery disease.

Material and methods: The group of patients consisted of 36 people of both sexes with multivessel
coronary artery disease recommended to coronary artery by-pass grafting. The control group consisted of 20
age-matched subjects without symptoms of the disease. The blood samples were collected and fractionated in
plasma, erythrocytes and platelets. The levels of the above listed sphingolipids were determined by means of high
performance liquid chromatography. The activity of acidic secretory sphingomyelinase in plasma was determined
using 14C-sphingomyelin.

Results: It was shown in the group of patients that the plasma levels of sphingosine-1-phosphate and
sphinganine-1-phosphate were reduced whereas the levels of other sphingolipids did not differ from the respective
values in the control group. The plasma activity of acidic secretory sphingomyelinase was elevated in the group of
patients. The levels of the examined sphingolipids in erythrocytes were similar in both groups. In platelets, the level
of sphingosine and sphinganine in the group of patients was higher than in the control group. The plasma ceramide/
sphingosine-1-phosphate ratio is elevated by 54% in the group of patients.

Conclusion: The results obtained indicate that metabolism of ceratain bioactive sphingolipids in plasma, and

platelets in patients with multivessel coronary artery disease are changed as compared to the control group.
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Introduction

There is a bulk of evidence obtained in human and animal studies
indicating that certain bioactive sphingolipids, namely ceramide
and sphingosine-1-phosphate, may be involved in development of
atherosclerosis.

There are two main sources of ceramide in the cell: synthesis de
novo and hydrolysis of sphingomyelin by the action of the enzyme
sphingomyelinase. Sphinganine is main precursor of ceramide on the
de novo synthesis pathway. Ceramide is deacylated by ceramidase to
sphingosine. Both sphingosine and sphinganine can be phosphorylated
to sphingosine-1-phosphate and sphinganine-1-phosphate. The content
of the latter in the tissues is low and it exerts only a weak physiological
activity [1]. There are three isoforms of sphingomyelinase: acidic (or
secretory), neutral and alkaline [2]. It was shown that endothelial cells
covering atherosclerotic plaque as well as macrophages and fibroblasts
secrete acid-sphingomyelinase (S-smase). Especially, endothelial cells
secrete much of the enzyme. The enzyme, locally, hydrolyzes LDL-
bound sphingomyelin. Sphingomyelin-deprived LDL easily aggregate
and induces formation of foam cells which promotes development
of atherosclerosis. Ceramide activates apoptosis of macrophages and
endothelial cells either itself or contributes to this process. As a result
it accelerates development of atherosclerosis [3-6]. Pro-inflamatory
cytokines seem to play crucial role in activation of S-smase in the
atherosclerotic plaques [7]. Plasma ceramide level was shown to be a
risk factor at the early stages of atherosclerosis [8]. In sphingomyelin
synthase 2 and apolipoprotein E (apoE) double knockout mice the
plasma level of sphingomyelin in atherogenic lipoproteins was reduced
and it was accompanied by reduction of atherosclerotic lesions.

Interestingly, the plasma ceramide level was elevated in the knockout
mice [9]. Inhibition of de novo ceramide synthesis by myriocin
results in regression of atherosclerotic plaques in hyperlipidemic
ApoE-deficient mice [10]. Elevation in the plasma level of ceramide
and activity of S-smase was observed in patients with acute coronary
syndrome compared to in healthy subjects and patients with stable
angina pectoris [11].

Sphingosine-1-phosphate was shown, in experimental studies, to
exert complex athero-protective action [12]. However, the data on the
plasma level of S1P in atherosclerosis are not uniform. Argraves et al.
[13] reported an inverse correlation between the level of sphingosine-
1-phosphate (S1P), dihydro-SIP (sphinganine-1-phosphate, SA1P)
and C24:1 ceramide in HDL fraction and occurrence of ischemic
heart disease. However, the total serum S1P level in the patients was
similar to the healthy ones. Kizitunic et al. [14] showed higher level of
serum total S1P in patients with pre-infarction angina than without the
symptom. According to Deutschman et al. [15] the serum plasma level
of S1P was increasing with advancement of coronary artery disease.
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Sattler et al. [16] found reduction in the total plasma HDL-bound S1P
and elevation in the level of non-HDL bound S1P in patients with
stable coronary heart disease and after myocardial infarction. Further
work of the authors [17] revealed that the level of HDL-bound S1P
remained stable with the advancement of the disease. It was previously
reported that myocardial infarction in humans affects metabolism of
bioactive sphingolipids not only in plasma but also in erythrocytes and
platelets. In erythrocytes, it manifests with elevation in the level of S1P,
SA1P, sphingosine, sphinganine and ceramide. In platelets, only the
level of S1P and SA1P increased [18]. No data are available on the level
of different bioactive sphingolipids in the blood cells in patients with
multivessel coronary artery disease. It was, therefore, the aim of the
present study to examine the level of S1P, SA1P, ceramide, sphingosine
and sphinganine in plasma, erythrocytes and platelets of patients with
the disease. The plasma activity of acidic secretory sphingomyelinase
was also measured.

Material and Methods
Subjects

The study conforms to the principles outlined in the Declaration
of Helsinki and was approved by the Ethical Committee for Human
studies of the Medical University of Biatystok. All subjects gave their
informed consent prior to their inclusion in the study. The study
includes 36 subjects of both sexes with multivessel coronary artery
disease confirmed angiographically recommended to coronary artery
by-pass grafting at the Department of Cardiosurgery at the Medical
University of Bialystok. According to ESC guidelines significant
stenosis of coronary artery vessel was regarded when the vessel lumen
was reduced by more than 50%. Patients were excluded when they had
prior coronary intervention. The control group consisted of 20 age-
matched subjects without changes in the coronary arteries. Clinical
characteristics of each group are given in Table 1. Blood was taken from
the antecubital vein into heparinized syringes after an overnight fast.
All clinical laboratory data were collected and processed in a manner
consistent with ESC guidelines.

Blood fractionation

Blood was fractionated as described previously [18]. 4 ml of the
fresh blood was centrifuged at 300 x g for 10 min at room temperature
and the platelet-rich plasma was transferred to another tube. The
leukocyte-rich bufty coat was thoroughly removed. Erythrocytes were
washed with phosphate-buffered saline (PBS) and then flash frozen in
liquid nitrogen. Platelet-rich plasma was centrifuged at 1000 xg for 10
min to isolate thrombocytes. Supernatant was then transferred to a new
plastic tube and recentrifuged at 5000 xg for 10 min to obtain platelet-
free plasma. Isolated platelets were washed with platelet wash buffer (5
mM KH,PO,, 5mM Na, HPO,, 0.1 M NaCl, 1% glucose, 0.63% sodium
citrate, pH 6.6), suspensed in PBS, and flash frozen in liquid nitrogen.
All samples were stored at -80°C until analysis.

Hemoglobin concentration in erythrocyte suspensions was
determined colorimetrically using Drabkin’s reagent kit (Sigma).
Protein concentration in platelet samples was measured with the
BCA protein assay kit (Sigma). Bovine serum albumin (fatty acid free,
Sigma) was used as a standard.

Determination of the concentration of sphingolipids

Sphingoid bases: Concentration of free sphingoid bases
(sphingosine and sphinganine) and sphingoid base-1-phosphates
(S1P and SA1P) was measured simultaneously by the method of Min

et al. [19]. Briefly, 750 ul of acidified methanol and internal standards
(10 pmol of C17-sphingosine and 30 pmol of C17-S1P, Avanti Polar
Lipids) were added to 250 pl of plasma or 150 pl of erythrocyte or
platelet suspension, and the samples were ultrasonicated in ice-cold
water for 1 min. Lipids were then extracted by addition of 750 pl of
chloroform, 750 pl of 1 M NaCl and 75 pl of 3N NaOH. The alkaline
aqueous phase containing S1P and SA1P was transferred to a fresh
tube. The amount of sphingoid base-1-phosphates was determined
indirectly after dephosphorylation to sphingosine and sphinganine
with the use of alkaline phosphatase (bovine intestinal mucosa, Sigma).
To improve the extraction yield of released free sphingoid bases some
chloroform was carefully placed at the bottom of the reaction tubes.
The chloroform fractions containing free sphingosine and sphinganine
or dephosphorylated sphingoid bases were washed with alkalized water
(pH adjusted to 10 with ammonium hydroxide) and then evaporated
under a nitrogen stream. The dried lipid residues were redissolved
in ethanol, converted to their o-phthalaldehyde derivatives and
analyzed using HPLC system (ProStar, Varian Inc.) equipped with a
fluorescence detector and C18 reversed-phase column (Varian Inc.,
OmniSpher 5, 4.6 x 150 mm). The isocratic eluent composition of
acetonitrile (Merck): water (9:1, v/v) and a flow rate of 1 ml/min were
used. Column temperature was maintained at 30°C.

Ceramide: Fifty ul of the chloroform phase containing lipids
extracted as described above was transferred to a fresh tube containing
40 pmol of N-palmitoyl-D-erythro-sphingosine (C17 base) (a kind gift
of Dr. Z. Szulc, Medical University of South Carolina) as an internal
standard. Samples were then evaporated under a nitrogen stream,
redissolved in 1.2 ml of 1 M KOH in 90% methanol and heated at
90°C for 60 minutes to convert ceramide into sphingosine. This
digestion procedure does not convert complex sphingolipids, such
as sphingomyelin, galactosylceramide or glucosylceramide, into free
sphingoid bases [20]. Samples were then partitioned by the addition
of chloroform and water and the upper phase was discarded. The
lower phase was evaporated under nitrogen and then redissolved in

Study group Control p

Age (years) 63+ 11 65+ 10 0.46
Sex (males/females) 24/12 12/8 0.39
BMI 28+3 27+3 0.62
Hypertension (%) 92 50 0.0059
Hyperlipidemia (%) 77 50 0.14
Smoking (%) 19 0 0.17
Diabetes (%) 37 6 0.085
Total cholesterol (mg%) 185 + 54 185 + 41 0.97
LDL cholesterol (mg%) 114 £ 19 117 £ 42 0.89
HDL cholesterol (mg%) 49+9 51+10 0.69
Triglyceride (mg%) 137 + 39 13273 0.8
Blood glucose (mg%) 121+ 27 96 + 12 0.06
Hemoglobin (g/dl) 13,712 12915 0.09
Tg:,‘p?)'”d cell count (x 46+04 42+05 0.015
Platelet count (x 10%pl) 251+70 21270 0.09
GFR (ml/min/1.73 m?) 74 £ 14 67 +17 0.26
EF % 54 +7 58+7 0.06
ACE inhibitors (%) 39 15 0.27
Aspirin (%) 100 15 0.000001
Proton-pump inhibitors (%) 100 85 0.24
Beta-blockers (%) 100 85 0.24
Statins (%) 100 25 0.032

Table 1: Clinical characteristics of study and control group.
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ethanol. The content of free sphingosine liberated from ceramide was
then analyzed by means of HPLC as described above. The calibration
curve was prepared using N-palmitoylsphingosine (Avanti Polar
Lipids) as a standard. The chloroform extract used for the analysis of
ceramide contains small amounts of free sphingoid bases. Therefore,
the concentration of ceramide was corrected for the level of free
sphingosine determined in the same sample.

The average within-run variations (%CV) for plasma sphingolipids
quantified using the above method ranged from 4.1 to 9.8% (for
ceramide and sphinganine, respectively). The between-run variations
ranged from 0.8 to 10.7% (for ceramide and sphinganine, respectively).

Determination of the plasma activity of secretory acidic
sphingomyelinase

The plasma activity of secretory acidic sphingomyelinase (S-smase)
was measured as described previously [21,22]. Briefly, 50 ul of plasma
was incubated for 1 h in 100 mM Sodium acetate, pH=5.0, with 1%
Triton X-100, 40 uM EDTA and 1 mM [Choline-Methyl-14C]-
Sphingomyelin (specific activity 1200 DPM/nmol). For zinc-dependent
S-smase, zinc chloride was added to a final concentration of 100 uM. For
zinc-independent S-smase, zinc chloride was omitted from incubation
buffer. Reaction was stopped by addition of 1400 ul of CHCIL,/Methanol
(2:1, v/v) and reaction product (methyl-14C-phosphorylcholine) was
extracted by vortexing and centrifugation. Radioactivity of released
product was estimated in 500 pl of aqueous phase with Packard Tri-
Carb 1900 Liquid Scintillation Counter. Activity was expressed in nmol
of liberated methyl-14C-phosphorylcholine x hour-1 x ml-1 of plasma.

Statistical analysis

Descriptive statistics (percentages for discrete variables and mean + SD
for continuous variables) was done for baseline characteristics. Parameters
distribution was assessed using Shapiro-Wilk test. Continuous variables
between groups were compared using ANOVA test and the * test was
used for categorical variables. The ROC curves and area under curve
(AUC) were performed to determine optimal value of SIP and SAIP for
recognition significant IHD. A p value < 0.05 was considered statistically
significant. Statistic software Statistical 10PL was applied.

Results

In the group of patients the plasma level of S1P and SA1P was
reduced as compared to the respective values in the control group

(p<0.001). The level of sphingosine, sphinganine and ceramide was
similar in both groups (Figure 1). The level of S1P and SA1P below
which indicates the presence of significant coronary lesions was
determined. It is properly 180.73 pmol/ml for SI1P (sensitivity 84%;
specificity 62%) (Figure 2) and 23.02 pmol/ml for SA1P (sensitivity
80%; specificity 81%) (Figure 3). The plasma ceramide/sphingosine-1-
phosphate ratio is elevated by 54% in the group of patients.

In erythrocytes, the level of each sphingolipid examined in the
group of patients was similar to the comparable value in the control
group (Figure 4).

In platelets, the level of sphingosine and sphinganine in the group
of patients was elevated as compared to the respective control value
(p<0.001) whereas the levels of other sphingolipids were similar in both
groups (Figure 5).

The activity of plasma acidic sphingomyelinase in the group of
patients was higher than in the control group (p<0.03; Figure 6).

Discussion

Asindicated in the introduction the results obtained so far regarding
the level of plasma S1P and ceramide in patients with coronary heart
disease are not uniform. Argraves et al. [13] and Sattler et al. [16]
reported reduced level of plasma HDL-bound SIP in patients with
ischemic heart disease. The total level of plasma S1P was stable in the
group of patients. However, the level of non-HDL bound S1P increased
in patients with ischemic heart disease. According to Deutschman et
al. [15] the serum level of total S1P increases with advancement of the
disease. The latter was not confirmed by Sattler et al. [17]. The plasma
level of ceramide in patients with coronary heart disease was reduced
in one work [13] and elevated in another study [15]. Here, we showed
that total plasma level of S1P and SA1P was reduced and the plasma
level of ceramide remained unchanged in patients recommended
to coronary artery by-pass grafting. It is difficult to explain a reason
of the discrepancies. The present as well as Argraves et al. [13] data
seem to be logical in the light of the anti-atherogenic properties of S1P
showed in in vitro studies [12]. Those data suggest that reduction in
S1P plasma level could accelerate development of atherosclerosis. It
should be added that the total plasma concentration of S1P and SA1P
was reduced after the myocardial infarction in humans. The level of
sphingosine, sphinganine and ceramide remained stable [18,23]. On
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Figure 1: The plasma level of bioactive shingolipids in patients with multivessel coronary artery disease. C: Controls; P: Patients with the disease; SPH: Sphingosine:
SPA: Sphinganine; S1P; Sphingosine-1-phosphate; SA1P: Sphinganine-1-phosphate; CER: Ceramide.
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Figure 2: ROC curve for S1P level in patients with multivessel coronary artery
disease vs. control group. Cutt off value 180.73 pmol/ml (sensitivity 84%;
specificity 62%; area under the ROC 0.757; 95%CI 0.60-0.90).
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Figure 3: ROC curve for SA1P level in patients with multivessel coronary

artery disease vs. control group. Cutt off value 23.02 pmol/ml (sensitivity 80%;
specificity 81%; area under the ROC 0.813; 95%CI 0.67-0.95).

the other hand Egom et al. [24] reported severalfold elevation in the
plasma level of S1P and sphinganine and two-fold elevation in the level
of sphingosine already in 1 min after elective percutaneous coronary
intervention (PCI). The discrepancy could be caused by different time
points of the blood sampling: after infarction and before PCI in the
studies of Knapp et al. [18,23] and after elective PCI in patients without
the infarction in the study of Egom et al. [24]. Certainly more work is
needed to delineate a role of S1P in development of atherosclerosis.

As already mentioned, ceramide activates and SIP inhibits
apoptosis. It has been suggested that the final biological effect of S1P
and ceramide depends rather on the relative proportion between the

two compounds than on the level of either sphingolipid itself [25]. In
the present study, the ratio: the plasma level of ceramide/the plasma
level of S1P were calculated from the mean values. It was higher by
54% in the group patients than in the control group. It further indicates
on the reduction of the anti-atherogenic potential of the bioactive
sphingolipids in the plasma of patients with advanced atherosclerosis.

Erythrocytes are the main source of plasma S1P [26-30]. Platelets
and endothelial cells also contribute to the plasma pool of SIP [30-33].
However, the blood cells do not synthetize sphingolipids de novo. They
take up plasma sphingosine and phosphorylate it to sphingosine-1-

61

L 120
5 4
o L 90
31 L 60
2 4

L 30
i
0 - — 0

SPH SA s1P

SA1P CER
mC QO°P

pmol/mg Hb
pmol/mg Hb(CER)

Figure 4: The level of bioactive sphingolipids in erythrocytes in patients with
multivessel coronary artery disease. The denominations as in the legend to
the Figure 1.
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Figure 5: The level of bioactive sphingolipids in platelets in patients with
multivessel coronary artery disease. The denominations as in the legend to
the Figure 1.
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Figure 6: The activity of secretory sphingomyelinase in patients with
multivessel coronary artery disease. C-control group, P- group of patients.
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posphate. The compound is stored in the cells and released into plasma.
Here, we showed that the levels of examined sphingolipids in erythrocytes
remain unchanged in the group of patients. Also in platelets, the level of
S1P was stable. It would suggest that the contribution of the blood cells
to the plasma S1P remained on the same level in both groups. It is likely
that release of S1P from the endothelial cells was reduced in atherosclerosis
with subsequent reduction in the plasma level of the compound. The
plasma SIP is dephosphorylated by different unspecific phosphatases.
Their activity could increase in atherosclerosis and thus also contribute to
the reduction in the plasma level of the compound.

The level of sphingosine and sphinganine in platelets was elevated
in the group of patients. It was a consequence of either increased uptake
of the compounds from plasma or inhibition of their phosphorylation
in the cells. Anyhow, it indicates that atherosclerosis induces some
changes in metabolism of sphingolipids in platelets. Its meaning for
the function of the cells remains unknown.

The activity of plasma S-smase was elevated in the group of
patients. Thus, we confirmed the data of Pan et al. [11]. Elevation in the
plasma activity of S-smase is, certainly, caused by increased release of
the enzyme from endothelial cells.

In summary, we have shown that in patients with multivessel
coronary artery

a) The plasma ceramide/S1P ratio and the activity of secretory acid
sphingomyelinase are elevated.

b) The disease affects metabolism of sphinganine (a precursor of
ceramide) and sphingosine (product of ceramide catabolism) in the
platelets.

c) The disease does not affect the content of examined sphingolipids

in erythrocytes.
Conclusion

The results obtained indicate that metabolism of ceratain bioactive
sphingolipids in plasma, and platelets in patients with multivessel
coronary artery disease are changed as compared to the control group.

Acknowledgments
This work was supported by Medical University of Biatystok, grant 133-53905L.
References

1. Riboni L, Viani P, Bassi R, Prinetti A, Tettamanti G (1997) The role of
sphingolipids in the process of signal transduction. Prog Lipid Res 36: 153-195.

2. Pavoine C, Pecker F (2009) Sphingomyelinases: their regulation and roles in
cardiovascular pathophysiology. Cardiovasc Res 82: 175-183.

3. Schissel SL, Jiang X-C, Tweedie-Hardman J, Jeong T-S, Camejo EH et al. (1998)
Secretory sphingomyelinase, a product of the acid sphingomyelinase gene, can
hydrolyze atherogenic lipoproteins at neutral pH. J Biol Chem 273: 2738-2746.

4. Marathe S, Schissel SL, Yellin MJ, Beatini N, Mintzer R, et al. (1998) Human
vascular endothelial cells are a rich and regulatable source of secretory
sphingomyelinase. Implications for early atherogenesis and ceramide-mediated
cell signaling. J Biol Chem 273: 4081-4088.

5. Marathe S, Choi Y, Leventhal AR, Tabas | (2000) Sphingomyelinase converts
lipoprotein from apolipoprotein A knockout mice into potent inducers of
macrophage foam cell formation. Arterioscler Thromb Vasc Biol 20: 2607-2613.

6. Bismuth J, Lin P, Yao Q, Chen C (2008) Ceramide: a common pathway for
atherosclerosis? Atherosclerosis 196: 497-504.

7. Wong M-L, Xie B, Beatini N, Phu P, Marathe S, et al. (2000) Acute systemic
inflammation up-regulates secretory sphingomyelinase in vivo: a possible link
between inflammatory cytokins and atherogenesis. Proc Natl Acad Sci USA
97: 8681-8686.

8.

14.

20.

2

=

22.

23.

24,

25.

26.

27.

Ichi |, Nakahara K, Miyashita Y, Hidaka A, Kutsukake S, et al. (2006) Association
of ceramides in human plasma with risk factors of atherosclerosis. Lipids 41:
859-863.

Fan Y, Shi F, Liu J, Dong J, Bui HH, et al. (2010) Selective reduction in the
sphingomyelin content of atherogenic lipoproteins inhibits their retention
in maurine aortas and the subsequent development of atherosclerosis.
Arterioscler Thromb Vasc Biol 30: 2114-2120.

.Park TS, Rosebury W, Kindt EK, Kowala MC, Panek RL (2008) Serine

palmitoyltransferase inhibitor myriocin induces the regression of atherosclerotic
plaques in hyperlipidemic ApoE-deficient mice. Pharmacol Res 58: 45-51.

.Pan W, Yu J, Shi R, Yan L, Yang T, et al. (2014) Elevation of ceramide and

activation of secretory acid sphingomyelinase in patients with acute coronary
syndromes. Coron Artery Dis 25: 230-235.

.Poté F, Simoni M, Nofer JR2 (2014) Atheroprotective role of high-density

lipoprotein (HDL)-associated sphingosine-1-phosphate (S1P). Cardiovasc Res
103: 395-404.

. Argraves K, Sethi A, Gazzolo PJ, Wilkerson BA, Remaley AT, et al. (2011)

S1P, dihydro-S1P and C24:1-ceramide levels in the HDL-containing fraction of
serum inversely correlate with occurrence of ischemic heart disease. Lipids in
Health and Disease 10: 70-82.

Deutschman DH, Carstens JS, Klepper RL, Smith WS, Page MT, et al. (2003)
Predicting obstructive coronary artery disease with serum sphingosine-1-
phosphate. Am Heart J 146: 62-68.

. Sattler KJE, Elbasan S, Keul P, Elter-Schulz, Bode C, et al. (2010) Sphingosine

1-phosphate levels in plasma and HDL are altered in coronary artery disease.
Basic Res Cardiol 105: 821-832.

. Kiziltunc E, Abaci A, Ozkan S, Alsancak Y, Unlu S, et al. (2014) The Relationship

between Pre-Infarction Angina and Serum Sphingosine-1-Phosphate Levels.
Acta Cardiol Sin 30: 546-552.

. Sattler K, Lehmann |, Graler M, Brocker-Preuss M, Erbel R, et al. (2014) HDL-

bound sphingosine-1-phosphate (S1P) predicts the severity of coronary artery
atherosclerosis. Cell Physiol Biochem 34:172-184.

.Knapp M, Lisowska A, Zabielski P, Musial, W, Baranowski M (2013)

Sustained decrease in plasma sphingosine-1-phosphate concentration and
its accumulation in blood cells in acute myocardial infarction. Prostaglandins
Other Lipid Mediat 106: 53-61.

.Min JK, Yoo HS, Lee EY, Lee WJ, Lee YM (2002) Simultaneous quantitative

analysis of sphingoid base 1-phosphates in biological samples by
o-phthalaldehyde pre-column derivatization after dephosphorylation with
alkaline phosphatase. Anal Biochem 303: 167-175.

Bose R, Chen P, Loconti A, Griillich C, Abrams JM, et al. (1998) Ceramide
generation by the Reaper protein is not blocked by the caspase inhibitor, p35.
J Biol Chem 273: 28852-28859.

. Zabielski P, Baranowski M, Blachnio-Zabielska A, Zendzian-Piotrowska M,

Gorski, J (2010) The effect of high-fat diet on the sphingolipid pathway of signal
transduction in regenerating rat liver. Prostaglandins Lipid Mediat 93:75-83.

Blachnio-Zabielska A, Zabielski P, Baranowski M, Gorski J (2011) Aerobic
training in rats increases skeletal muscle sphingomyelinase and serine
palmitoyltransferase activity, while decreasing ceramidase activity. Lipids 46:
229-238.

Knapp M, Baranowski M, Czarnowski D, Lisowska A, Zabielski P, et al. (2009)
W. Plasma sphingosine-1-phosphate concentration is reduced in patients with
myocardial infarction. Med Sci Monit 15: CR490-493.

Egom EE, Mamas MA, Chacko S, Stringer SE, Charlto-Menys V, et al. (2013)
Serum sphingolipids level as a novel potential marker for early detection of
human myocardial ischaemic injury. Front Physiol 4: 1-10.

Spiegel S, Milstien S (2002) Sphingosine 1-phosphate, a key cell signaling
molecule. J Biol Chem 277: 25851-25854.

Bode C, Sensken SC, Peest U, Beutel G, Thol F, et al. (2010) Erythrocytes
serve as a reservoir for cellular and extracellular sphingosine 1-phosphate. J
Cell Biochem 109: 1232-1243.

Hénel P, Andréani P, Graler MH (2007) Erythrocytes store and release
sphingosine 1-phosphate in blood. FASEB J 21: 1202-1209.

J Clin Exp Cardiolog, an open access journal
ISSN: 2155-9880

Volume 7 + Issue 12 » 1000482


http://dx.doi.org/10.1016/S0163-7827(97)00008-8
http://dx.doi.org/10.1016/S0163-7827(97)00008-8
https://dx.doi.org/10.1093/cvr/cvp030
https://dx.doi.org/10.1093/cvr/cvp030
http://www.jbc.org/content/273/5/2738.long
http://www.jbc.org/content/273/5/2738.long
http://www.jbc.org/content/273/5/2738.long
http://dx.doi.org/10.1074/jbc.273.7.4081
http://dx.doi.org/10.1074/jbc.273.7.4081
http://dx.doi.org/10.1074/jbc.273.7.4081
http://dx.doi.org/10.1074/jbc.273.7.4081
https://dx.doi.org/10.1016/j.atherosclerosis.2007.09.018
https://dx.doi.org/10.1016/j.atherosclerosis.2007.09.018
http://dx.doi.org/10.1073/pnas.150098097
http://dx.doi.org/10.1073/pnas.150098097
http://dx.doi.org/10.1073/pnas.150098097
http://dx.doi.org/10.1073/pnas.150098097
http://dx.doi.org/10.1007/s11745-006-5041-6
http://dx.doi.org/10.1007/s11745-006-5041-6
http://dx.doi.org/10.1007/s11745-006-5041-6
https://dx.doi.org/10.1161/ATVBAHA.110.213363
https://dx.doi.org/10.1161/ATVBAHA.110.213363
https://dx.doi.org/10.1161/ATVBAHA.110.213363
https://dx.doi.org/10.1161/ATVBAHA.110.213363
http://dx.doi.org/10.1016/j.phrs.2008.06.005
http://dx.doi.org/10.1016/j.phrs.2008.06.005
http://dx.doi.org/10.1016/j.phrs.2008.06.005
http://dx.doi.org/10.1097/MCA.0000000000000079
http://dx.doi.org/10.1097/MCA.0000000000000079
http://dx.doi.org/10.1097/MCA.0000000000000079
http://dx.doi.org/10.1093/cvr/cvu136
http://dx.doi.org/10.1093/cvr/cvu136
http://dx.doi.org/10.1093/cvr/cvu136
https://dx.doi.org/10.1186/1476-511X-10-70
https://dx.doi.org/10.1186/1476-511X-10-70
https://dx.doi.org/10.1186/1476-511X-10-70
https://dx.doi.org/10.1186/1476-511X-10-70
http://dx.doi.org/10.1016/S0002-8703(03)00118-2
http://dx.doi.org/10.1016/S0002-8703(03)00118-2
http://dx.doi.org/10.1016/S0002-8703(03)00118-2
https://dx.doi.org/10.1007/s00395-010-0112-5
https://dx.doi.org/10.1007/s00395-010-0112-5
https://dx.doi.org/10.1007/s00395-010-0112-5
http://www.pubpdf.com/pub/27122833/The-Relationship-between-Pre-Infarction-Angina-and-Serum-Sphingosine-1-Phosphate-Levels
http://www.pubpdf.com/pub/27122833/The-Relationship-between-Pre-Infarction-Angina-and-Serum-Sphingosine-1-Phosphate-Levels
http://www.pubpdf.com/pub/27122833/The-Relationship-between-Pre-Infarction-Angina-and-Serum-Sphingosine-1-Phosphate-Levels
https://dx.doi.org/10.1159/000362993
https://dx.doi.org/10.1159/000362993
https://dx.doi.org/10.1159/000362993
http://dx.doi.org/10.1016/j.prostaglandins.2013.10.001
http://dx.doi.org/10.1016/j.prostaglandins.2013.10.001
http://dx.doi.org/10.1016/j.prostaglandins.2013.10.001
http://dx.doi.org/10.1016/j.prostaglandins.2013.10.001
https://dx.doi.org/10.1006/abio.2002.5579
https://dx.doi.org/10.1006/abio.2002.5579
https://dx.doi.org/10.1006/abio.2002.5579
https://dx.doi.org/10.1006/abio.2002.5579
http://dx.doi.org/10.1074/jbc.273.44.28852
http://dx.doi.org/10.1074/jbc.273.44.28852
http://dx.doi.org/10.1074/jbc.273.44.28852
https://dx.doi.org/10.1016/j.prostaglandins.2010.06.006
https://dx.doi.org/10.1016/j.prostaglandins.2010.06.006
https://dx.doi.org/10.1016/j.prostaglandins.2010.06.006
https://dx.doi.org/10.1007/s11745-010-3515-z
https://dx.doi.org/10.1007/s11745-010-3515-z
https://dx.doi.org/10.1007/s11745-010-3515-z
https://dx.doi.org/10.1007/s11745-010-3515-z
http://www.medscimonit.com/download/index/idArt/878180
http://www.medscimonit.com/download/index/idArt/878180
http://www.medscimonit.com/download/index/idArt/878180
https://dx.doi.org/10.3389/fphys.2013.00130
https://dx.doi.org/10.3389/fphys.2013.00130
https://dx.doi.org/10.3389/fphys.2013.00130
http://dx.doi.org/10.1074/jbc.R200007200
http://dx.doi.org/10.1074/jbc.R200007200
http://dx.doi.org/10.1002/jcb.22507
http://dx.doi.org/10.1002/jcb.22507
http://dx.doi.org/10.1002/jcb.22507
http://dx.doi.org/10.1096/fj.06-7433com
http://dx.doi.org/10.1096/fj.06-7433com

Citation: Knapp M, Lisowska A, Baranowski M, Lewkowicz J, Krajewska A, et al. (2016) Blood Bioactive Sphingolipids and Activity of Acid
Sphingomyelinase in Patients with Multivessel Coronary Artery Disease. J Clin Exp Cardiolog 7: 482. doi:10.4172/2155-9880.1000482

Page 6 of 6
28. Ito K, Anada Y, Tani M, lkeda M, Sano T et al. (2007) Lack of sphingosine-1- 31.Kim RH, Takabe K, Milstien S, Spiegel S (2009) Export and functions of
phosphate degrading enzymes in erythrocytes. Biochim Biophys Res Commun sphingosine-1-phosphate. Biochim Biophys Acta 179: 692-696.
357:212-217.
32. Yatomi Y, Ruan F, Hakomori S, Igarashi Y (1995) Sphingosine-1-phosphate:
29. Pappu R, Schwab SR, Cornelissen |, Pereira JP, Regard JB, et al. (2007) a platelet-activating sphingolipid released from agonist-stimulated human
Promotion of lymphocyte egress into blood and lymph by distinct sources of platelets. Blood 86: 193-202.

sphingosine-1-phosphate. Science 316: 295-298.
phing phosp 33. Venkataraman K, Lee YM, Michaud J, Thangada S, Ai Y, et al. (2008) Vascular

30. Takabe K, Paugh SW, Milstien S, Spiegel S (2008) ,Inside-out* signaling of endothelium as a contributor of plasma sphingosine 1-phosphate. Circ Res
sphingosine-1-phosphate: therapeutic targets. Pharmacol Rev 60: 181-195. 102: 669-676.
J Clin Exp Cardiolog, an open access journal Volume 7 « Issue 12 + 1000482

ISSN: 2155-9880


https://dx.doi.org/10.1016/j.bbrc.2007.03.123
https://dx.doi.org/10.1016/j.bbrc.2007.03.123
https://dx.doi.org/10.1016/j.bbrc.2007.03.123
https://dx.doi.org/10.1126/science.1139221
https://dx.doi.org/10.1126/science.1139221
https://dx.doi.org/10.1126/science.1139221
https://dx.doi.org/10.1124%2Fpr.107.07113
https://dx.doi.org/10.1124%2Fpr.107.07113
https://dx.doi.org/10.1016/j.bbalip.2009.02.011
https://dx.doi.org/10.1016/j.bbalip.2009.02.011
http://www.bloodjournal.org/content/86/1/193.long?sso-checked=true
http://www.bloodjournal.org/content/86/1/193.long?sso-checked=true
http://www.bloodjournal.org/content/86/1/193.long?sso-checked=true
https://dx.doi.org/10.1161/CIRCRESAHA.107.165845
https://dx.doi.org/10.1161/CIRCRESAHA.107.165845
https://dx.doi.org/10.1161/CIRCRESAHA.107.165845

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	Material and Methods 
	Subjects 
	Blood fractionation 
	Determination of the concentration of sphingolipids 
	Determination of the plasma activity of secretory acidic sphingomyelinase 
	Statistical analysis 

	Results 
	Discussion 
	Conclusion 
	Acknowledgments 
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	References

