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Abstract Sphingosine-1-phosphate (S1P) is an amphiphilic
signaling molecule, which is enriched in functional high den-
sity lipoprotein (HDL) and shows arterial protection. The
distribution of S1P is changed with increased plasma
phospholipid transfer protein (PLTP) activity and impaired
HDL function in patients with coronary heart diseases.
Therefore, we hypothesized that PLTP might transfer S1P
among cells or lipoproteins. We found that plasma S1P con-
tents were decreased by 60.1 % in PLTP knockout mice
(PLTP—/—, N = 5) compared with their wild type littermates
(WT, N =15) (151.70 £ 38.59 vs. 379.32 &+ 59.90 nmol/l,
P<0.01). S1P content in HDL fraction (HDL-S1P) from
PLTP—/— was decreased by 64.7 % compared with WT
(4936 £ 1.49 vs. 139.76 &£ 2.94 nmol/l, P<0.01). The
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results of the S1P transfer assay indicated that PLTP could
facilitate S1P transport from erythrocytes to HDL at 37 °C in
D-Hanks buffer. Plasma content of apolipoprotein M, a spe-
cific adaptor of S1P, was not changed in PLTP—/— compared
with WT. Therefore, we concluded that PLTP was a key factor
to maintain plasma HDL-S1P, and PLTP deficiency could
decrease the SIP content in plasma lipoproteins, which
involves its capability of transferring S1P from erythrocyte to
HDL.
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Abbreviations

apoM Apolipoprotein M

CHD Coronary heart disease

HDL High density lipoprotein

LC-MS/MS Liquid chromatography-tandem mass
spectrometry

PLTP Phospholipid transfer protein

RBC Red blood cell

S1P Sphingosine-1-phosphate

SDS-PAGE  Sodium dodecyl sulfate polyacrylamide gel
electrophoresis

TC Total cholesterol

TRL Triacylglycerol rich lipoprotein

WT Wild type

Introduction

The primary cause of death in humans is atherosclerotic
disease, including coronary heart disease (CHD) and
cerebral stroke [1]. High density lipoprotein (HDL) is the
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most important factor of anti-atherosclerosis [2]. To date,
more and more researchers have proved that the signifi-
cance of higher levels of HDL is considered another critical
point in preventing atherosclerosis [2, 3]. The components
on HDL particles determine the anti-atherosclerotic func-
tion of HDL [4]. Apolipoproteins, enzymes, and certain
important lipid molecules contribute to the anti-athero-
sclerotic functions of HDL [4].

Sphingosine-1-phosphate (S1P) is an active signaling
molecule which shows arterial protective effects via its
specific receptors [5]. More than 50 % of plasma S1P is
concentrated in HDL [5], and the metabolism of SI1P
indicates that the cellular sources of plasma S1P includes
erythrocytes, endothelial cells, platelets, and mast cells
[5-8]. Moreover, accepted evidence demonstrated that
HDL preserves SIP via apolipoprotein M, a specific
adaptor of SI1P in plasma [9]. However, the transport
mechanisms of secreted S1P from cells to HDL, and
whether S1P distribution affected by the plasma proteins
which involve HDL metabolism have not been elucidated.

Phospholipid transfer protein (PLTP) is a multifunc-
tional protein widely expressed and secreted by hepato-
cytes, adipocytes, and macrophages. Phospholipids, free
cholesterol, and other amphiphilic lipid molecules can be
transferred by PLTP from TAG rich lipoproteins (TRL) to
HDL and vice versa [10]. Furthermore, in CHD patients,
increased PLTP activity and decreased HDL levels were
well documented [11, 12]. On the other hand, Sattler and
her coworkers reported that plasma SI1P was increased in
patients with coronary artery disease or myocardial
infarction, indicating that the alternation of S1P level or
distribution showed a close relationship with the severity in
patients with atherosclerotic diseases [13]. In addition, S1P
is the phosphorylation metabolite of sphingosine, suggest-
ing that its structure characteristics are similar to other
amphipathic molecules which are transferred by PLTP
[14]. Therefore, to elucidate the possible mechanism, we
hypothesized that PLTP could change the content of S1P in
HDL or other lipoprotein particles via its transfer activity.
Our findings in the present study showed that the S1P
content of HDL from PLTP knockout mice (PLTP—/—)
was significantly reduced compared with their wild type
(WT) littermates.

Materials and Methods

Animals

PLTP—/— were presented by Dr. Xiancheng Jiang and all
animals were on a homogenous C57BL/6 background (nine

generation backcrosses). PLTP—/— and WT used in this
study were the offspring littermates of PLTP heterozygous
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mice. The mice were fed chow diet (KEAOXIELI FEED.
Co. LTD, Beijing, China) and water ad libitum. Experi-
mental animals were housed in a temperature- and
humidity-controlled room with a 12/12 h light—dark cycle.
This study was approved by the Laboratory Animal Care
Committee of Taishan Medical University, and all animal
experiments were conducted in accordance with the
Guidelines for Care and Use of Laboratory Animals at the
Taishan Medical University.

Antibodies and Materials

Antibodies against apolipoprotein M (apoM) were pur-
chased from Cell Signaling Technology (Danvers, MA,
USA). Complete protease inhibitor cocktail tablets were
purchased from Roche (Schweiz, Germany). D-erythro-
S1P, centrifugal filters (molecular weight cutoff <3,000
Dalton), analytical grade formic acid, and ammonium
formate were obtained from Sigma-Aldrich Inc. (St. Louis,
MO, USA). Internal standard D-erythro-C17-sphingosine-
1-phosphate (C17-S1P) was purchased from Avanti Polar
Lipids Inc. (Alabaster, AL, USA). Methanol and ethanol
were products from SK Chemicals (Ulsan, Korea). Lipid
quantification assay kits were purchased from BioSino
(Beijing, China). Protein quantification kits, the dialysis
membranes (molecular weight cutoff <8,000 Dalton), and
D-Hanks buffer were provided by Solarbio (Shanghai,
China).

Plasma Isolation and Lipoprotein Preparation

At 10-11 weeks of age, the mice were killed and fasting
blood or organs were harvested. Samples of 0.6 ml plasma
from female WT (N = 5) or female PLTP—/— (N = 5)
were loaded onto ultracentrifugation for lipoprotein isola-
tion following the methods we reported previously [15].

Preparation of S1P Standard

The stock solution of the S1P standard with a concentration
of 0.1 mg/ml was prepared in ethanol, immediately ali-
quoted, and then stored at —20 °C. The working solutions
(50-1,000 ng/ml) were prepared via dilution of the stock
solution.

Biological Sample Preparation and Lipid Extraction

For lipid extraction, 20 pl plasma samples including 10 pl
internal standard C17-S1P (400 ng/ml) were thoroughly
mixed with methanol, followed by sonication for 10 min,
and then centrifuged at 11,000 x g for 10 min [16]. The
supernatants were transferred to glass vials prior to LC—
MS/MS analysis. 10 pl internal standard solution (400 ng/ml)
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and methanol were prepared to obtain calibration standards
from 5 to 100 ng/ml with internal standard at the final
concentration of 40 ng/ml.

LC-MS/MS Analysis

Chromatographic separations were carried out with a linear
elution using a Waters Symmetry® C18 column (3.5 pm,
2.1 mm i.d. x 100 mm) with a Waters C18 guard column
(3.5 pm, 2.1 mm i.d. x 10 mm). The mobile phase was
composed of 2 mM ammonium formate and 0.1 % formic
acid in 90 % methanol. The injection volume was 5 pl, and
the flow rate was 0.2 ml/min.

The mass spectrometer was operated in the positive ion
mode with an ionspray voltage of 5,500 V at 550 °C and
supplied by auxiliary gas 55 psi. Nebulizer gas was set at
55 psi, curtain gas at 10 psi and collision gas at medium.
Precursor to product ion transitions of m/z 380.2 — 264.1
for S1P (collision energy 29.0 V) and m/z 366.3 — 250.3
for C17-S1P (collision energy 19.9 V) was used as a
quantifier for multiple reaction monitoring (MRM) with a
dwell time of 100 ms. Quantification was performed with
Analyst Software 1.6 by the standard-addition method.
Ratios of S1P peak area and internal standard peak area
were plotted against ratios of nominal S1P concentration
and internal standard concentration and calibration curve
was then used to calculate the concentration of S1P in
samples.

S1P Transferring Assay

To determine the transferring effect of S1P by PLTP, we
developed a donor—acceptor transferring system. Briefly,
fresh isolated mouse red blood cells (RBC) from
PLTP—/— were washed with ice-cold D-Hanks buffer and
centrifuged in 600 x g at 4 °C for 5 min, supernatant was
removed. The washing step was repeated once to remove
trace plasma. The cell density of RBC suspension was
adjusted in the range of 10’-10® per milliliter as SIP
donor (the avenge SIP content in 20 pl donor was
900.67 £ 6.68 pg/ml). HDL from PLTP—/— (the avenge
SIP content was 176.39 + 24.41 pg/ml) or WT (the
avenge SIP content was 325.79 £ 80.28 pg/ml) isolated
by ultracentrifugation (density range 1.063—1.21 g/ml)
was dialyzed in phosphate buffer solution (pH = 7.4) to
remove NaBr in lipoprotein fraction. The protein con-
centration of HDL was determined as acceptor loading
reference. Fresh plasma from PLTP—/— and WT were
employed as PLTP source for the transferring assay and
designated as “negative control” or “PLTP group”,
respectively. D-Hanks buffer combined with donor and
acceptor was designated as “blank control” of transferring
assay. The 20 pl donor, 50 pl acceptor, and 2 pl PLTP

source were combined in Eppendorf tubes and mixed
gently. The total volume of the mixture was brought to
100 pl by D-Hanks buffer. After incubating at 37 °C for
60 min, the mixture was centrifuged in 300 x g at 4 °C
for 2 min to isolate supernatant HDL and RBC pellet. S1P
content in supernatant and pellet was determined. To
clarify the S1P binding form in transferring assay, we
carried out a pretest, and the supernatant was concentrated
with centrifugal filter (cutoff molecular weight 3,000
Dalton), S1P contents in the flow-through fraction and the
preserved fraction were determined. The pretest results
showed that no SI1P was detected in flow-through fraction,
indicating that most of SI1P was presence in a protein
binding form (Data not shown). All steps excepted incu-
bation was performed on ice or at 4 °C and the RBC
transferring was carried out using cut-off tips.

Protein Isolation, Electrophoresis, and Western Blot

Proteins were isolated using lysis buffer with complete
protease inhibitor cocktail tablets. Plasma or lipoprotein
samples (2ug protein each well) used in SDS-PAGE and
western blot analysis were described previously [17].
Densitometry analysis was conducted using Image-Pro
Plus software version 6.0 (Media Cybernetics Corp,
Bethesda, MD, USA).

Data Analysis

All the bioassay results were expressed as the
mean =+ standard deviation (SD). To compare the means
between two groups, student’s ¢ test was performed. The
differences were considered to be significant at a
P value < 0.05.

Results

PLTP Deficiency Showed a Lower Plasma Total
Cholesterol and HDL-C

At 10 weeks, the plasma from PLTP—/— or WT was har-
vested and the lipid level was determined. As shown in
Table 1, plasma total cholesterol (TC) and HDL choles-
terol (HDL-C) were significantly decreased in PLTP—/—
by 493 and 554 % (TC, 131 £0.46 vs. 2.56 £
0.39 mmol/l; HDL-C, 0.99 £ 0.15 vs. 2.21 £ 0.38 mmol/
I, P<0.01) compared with the WT littermates. The data
were consistent with previous reports, indicating that the
lack of PLTP expression could dramatically lower the
plasma TC and HDL-C in mice [10, 18]. Other information
about the genotype and phenotype of PLTP—/— and WT
littermates was mentioned in supplementary Fig. 1.
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Table 1 Lipid content in plasma (mmol/l, mean & SD, N = 5)

TC HDL-C Non-HDL-C
WT 2.56 + 0.39 221 £0.38 0.58 + 0.36
PLTP—/— 1.31 & 0.46* 0.99 £ 0.15% 0.33 £ 0.11*

The mice were fasted overnight before collections of blood and liver
for lipid and protein analysis

TC total cholesterol, HDL-C high density lipoprotein cholesterol,
Non-HDL-C non high density lipoprotein cholesterol, WT wild type,
PLTP—/— PLTP knockout mice

* P < 0.01 compared with WT group
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Fig. 1 Both plasma S1P contents and cholesterol normalized S1P
contents were decreased in PLTP—/—. Samples of 30 pl fresh plasma
including 30 pl internal control C17-S1P (400 ng/ml) were thor-
oughly mixed with methanol, followed by sonication for 10 min, and
then centrifuged at 11,000 x g for 10 min. The supernatants were
transferred to glass vials prior to LC-MS/MS analysis. a Plasma S1P
content in female PLTP—/— mice and its female WT littermates.
b Total cholesterol normalized plasma S1P content of a female
PLTP—/— and female WT littermates. Data were expressed as the
mean £+ SD (N = 5)

Both S1P Contents and Cholesterol Normalized S1P
Contents were Decreased in PLTP—/— Plasma

More than 60 % of plasma S1P was enriched in lipoprotein
performed its effects in cardiovascular system via S1P recep-
tors [19]. Thus, TC and HDL-C level alternation should defi-
nitely affect plasma S1P content. As shown in Fig. 1a, plasma
S1P was decreased in PLTP—/— compared with WT litter-
mates by 60.1 % (151.70 £ 38.59 vs. 379.32 + 59.90 nmol/
1, P = 0.003). To understand the S1P alternation in lipopro-
tein, TC normalized plasma S1P content was displayed with
the ratio of S1P content and total cholesterol. As shown in
Fig. 1b, no difference was observed between WT and
PLTP—/— (137.01 & 23.10 vs. 138.15 & 23.13 nmol S1P/
mmol cholesterol, P = 0.0.918). The results suggested that the
decreased plasma S1P in PLTP—/— might be closely related
with lipoprotein S1P content.

PLTP Deficiency Dramatically Decreased S1P Content
in HDL

To clarify the effects of PLTP deficiency on SI1P distri-
bution in lipoproteins, we isolated lipoproteins from
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Fig. 2 S1P content in lipoproteins was affected by PLTP expression.
Pooled 0.6 ml plasma from PLTP—/— and their wild type littermates
was loaded for lipoprotein isolation with series density ultracentri-
fugation (see supplementary Fig. 2). A 30 pl ultracentrifugation
fraction including 10 pl internal standard C17-S1P (400 ng/ml) were
thoroughly mixed with methanol, followed by sonication for 10 min,
and then centrifuged at 11,000 x g for 10 min. The supernatants were
transferred to glass vials prior to LC-MS/MS analysis. a S1P content
in ultracentrifugation fraction. b Potein-normalized S1P content in
lipoprotein. ¢ Protein-normalized SI1P percentage comparison. Data
were expressed as the mean = SD (N = 4). *P < 0.05, **P < 0.01,
NS no significance

PLTP—/— and WT for SIP content determination (see
supplementary Fig. 2 for details of lipoprotein isolation).
As shown in Fig. 2a, the S1P content in HDL fraction
(HDL-S1P) and lipoprotein deficient plasma (LDP) frac-
tion from PLTP—/— was dramatically reduced compared
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Fig. 3 PLTP transferred SIP from RBC to HDL. Fresh isolated
mouse red blood cells (RBC) from PLTP—/— were used as the S1P
donor. The dialyzed mouse HDL was used as the S1P acceptor in this
transfer assay. Fresh plasma from PLTP—/— or WT was employed as
PLTP source of transfer assay. The 20 pl donor, 50 pl acceptor, and
2 pl PLTP source were combined in an Eppendorf tube and mixed
gently, and the total volume was brought to 100 pl by ice-cold

with WT by 64.7 and 69.5 %, respectively (HDL,
49.36 £ 1.49 vs. 139.76 + 2.94 nmol/l, P<0.01; LDP
37.22 £ 6.37 vs. 121.95 & 3.64 nmol/l, P < 0.01). After
protein normalization, HDL-S1P from PLTP—/— was
decreased significantly compared to WT by 46.5 %
(Fig. 2b, 182.73 &+ 5.50 vs. 341.95 £ 7.21 pmol/mg pro-
tein, P < 0.01). We also found that S1P in LDL or VLDL
fractions was decreased; however, the S1P content in non-
HDL was very minor in mice lipoproteins (Fig. 2c), indi-
cating that the HDL-S1P declination was the main cause of
low plasma S1P in PLTP—/—.

PLTP Transferred S1P from RBC to HDL

It is well known that the primary function in plasma of
PLTP is mediating phospholipid exchange between lipo-
proteins or cells [20]. SIP is a phosphorylated sphingosine
molecule, and its major source in plasma is erythrocytes
[21]. Our data indicated that PLTP deficiency could
decrease lipoprotein S1P content. To clarify the mechanism
of lowered S1P content in PLTP—/— HDL-S1P, we per-
formed a S1P transferring assay of PLTP. As shown in
Fig. 3a, WT plasma increased HDL-S1P by 27.1 %
(673.37 &£ 21.38 vs. 491.24 £ 5.42 pmol/l, P = 0.020)
compared with PLTP—/— plasma, indicated that plasma
derived PLTP might transfer SIP from RBC to HDL.
However, we noticed that S1P content was also increased
in negative controls compared to blanks (491.24 + 5.42 vs.
374.88 £ 7.05 pmol/l, P = 0.010), suggesting that HDL
from WT might not be a suitable acceptor because PLTP is
difficult to remove thoroughly by ultracentrifugation, and
the trace PLTP in WT HDL could disturb the transfer
assay. Therefore, to eliminate the PLTP disturbance in
transferring, we used PLTP—/— HDL as the acceptor and
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D-Hanks buffer. The transfer assay mixture was incubated at 37 °C
for 60 min. After incubation, the mixture was centrifuged in
300 x g at 4 °C for 2 min to isolate supernatant HDL and RBC
pellet. S1P content in supernatant and pellet was determined. a The
transfer assay results employing the dialyzed WT HDL as S1P donor.
b The transfer assay results employing the dialyzed PLTP—/— HDL
as S1P donor. Data were expressed as the mean + SD (n = 3)

found that WT plasma could increase HDL-S1P by 62.2 %
(112.19 £ 1.08 vs. 42.41 + 6.51 pmol/l, P = 0.018) while
no S1P content difference was observed between blank and
negative control (Fig. 3b, 56.31 + 1.46 vs. 4241 £
6.51 pmol/l, P = 0.094). The results indicated that PLTP
could transfer S1P from RBC to HDL.

ApoM Content in Plasma and Lipoprotein
was not Affected by PLTP Expression

S1P binds to HDL via its specific adaptive protein, apoli-
poprotein M [9]. To understand whether the content of
apoM was affected by PLTP expression, apoM content in
plasma and lipoproteins were detected by western blot. As
shown in Fig. 4a and b, no difference of apoM in plasma or
HDL was observed from PLTP—/— compared with WT.
Furthermore, apoM shift was observed in many gene
modified mouse models; therefore, we determined apoM in
non-HDL fraction isolated by ultracentrifugation [22]. As
shown in Fig. 4c, no apoM was detected in non-HDL of
PLTP—/—, indicating that the apoM distribution in plasma
and lipoprotein was not affected by PLTP deficiency.

Discussion

SIP is a key lipid signaling molecule which is closely
related to arterial protective functions of HDL [9]. The
distribution of S1P in lipoproteins was changed in athero-
sclerotic diseases [13]. To elucidate the mechanism, we
performed this study and found for the first time that:
(1) SIP content in plasma was decreased in PLTP—/—
mice; (2) PLTP was the key factor to maintain HDL-S1P,
and lack of PLTP might decrease HDL-S1P significantly;

&) Springer AOCS &
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Fig. 4 ApoM content in plasma and lipoprotein was not affected by
PLTP expression. Samples of 2 pg plasma or lipoprotein from wild
type or PLTP—/— mice was mixed with protein loading buffer and
conducted with heat denaturation for western blot analysis; all
experiments were carried out for at least three times and the
preventative results were shown. a Upper panel, plasma apoM
contents of 10-week-old female PLTP—/— mice and female WT
littermates (N = 4), lower panel, density analysis of apoM signal of
western blot. b Upper panel, HDL apoM contents of 10-week-old
female PLTP—/— mice and female WT littermates (N = 3), lower
panel, density analysis of apoM signal of western blot. ¢ ApoM
content in non-HDL (combined VLDL and LDL) and HDL from
PLTP—/— or littermates (N = 3). Data were expressed as the
mean + SD

(3) PLTP could transfer S1P from RBC to HDL, which
might be the mechanism by which PLTP affects S1P con-
tent in plasma and HDL; 4) the content and distribution of
S1P adaptor, apoM, was not affected by PLTP expression.

The distribution alternation of S1P in HDL pool and
non-HDL pool might be the important pathogenic factors
of atherosclerotic diseases for the reason that S1P can exert
quite diverse effects based on where S1P exists in HDL or
non-HDL [23]. Thus, the comprehension of factors
affecting plasma S1P distribution is critical to the research
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on atherosclerotic diseases, such as CHD and stroke. HDL
is the primary particle of S1P carriers in plasma and the
endothelial protective effects via S1P receptors, including
barrier function and nitric oxide synthesis, are the impor-
tant parts of anti-atherosclerotic activity mediated by HDL
[9, 24]. Other beneficial effects of HDL-S1P on the car-
diovascular system were well documented [3]. As a result,
the content and distribution of plasma SIP is critical to
HDL functions. Our findings were consist with previous
reports that HDL level is the major cause to maintain
plasma S1P content [25]. Therefore, enzymes or proteins
involving HDL metabolism may change the SIP distribu-
tion, thereby participate in the pathogenesis of atheroscle-
rotic diseases.

PLTP belongs to the lipid transfer protein family and
transfers amphiphilic molecules among lipoproteins and
cells [26]. The level of HDL is dramatically decreased in
PLTP—/— mice [10, 18], indicating that the quantity and
ratio of proteins as well as lipids might be changed in
lipoproteins. PLTP overexpression in apoE—/— mice
aggravated atherosclerosis, whereas PLTP deficiency
attenuated plaque accumulation in different atherosclerotic
models, indicating that the PLTP showed a tight relation-
ship with atherosclerosis [27, 28]. However, no report
focuses on the SIP content and its effects on the cardio-
vascular system from PLTP deficient mice. In this study,
we found for the first time that PLTP deficiency decreased
the SIP content in both plasma and HDL, suggesting that
PLTP is the key factor to preserve HDL-S1P. Moreover, no
report focuses on SIP transport from erythrocytes, the
major source of plasma S1P, to HDL, the major S1P car-
rier. Therefore, to further understand the mechanism of
plasma S1P transport, an in vitro transfer study is required
to identify the role of PLTP on S1P transport.

PLTP can mediate the exchange of several types of lipid
molecules, such as phospholipid or vitamin E, in a “lipo-
protein—lipoprotein” or “lipoprotein-cell” manner. The
relationship between structure and function of PLTP was
reported previously [26]. The common property of the
“cargos” transferred by PLTP is the amphipathic mole-
cules, with hydrophilic head group followed by a hydro-
phobic tail. S1P is the phosphorylation metabolite of
sphingosine, suggesting that its structure characteristics are
similar to other amphipathic molecules transferred by
PLTP [14]. Therefore, we performed a S1P transfer assay
employing erythrocytes as S1P donor and HDL as S1P
acceptor. It is well documented that PLTP activity (the
capability of transferring phospholipids among lipoproteins
or cells) is closely related to plasma HDL metabolism and
its activity accessed by an in vitro donor—acceptor system
is well developed and widely applied [12]. Therefore, we
used this in vitro system to access the S1P transferring
activity of PLTP. This method was repeatable and sensitive
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for S1P transferring quantitative analysis. In the present
study, we found that PLTP could transfer SIP from
erythrocytes to HDL. Thus, the alternation of SI1P distri-
bution affected by PLTP expression might be elucidated by
this transferring mechanism. Nonetheless, further evidence
is required to prove the detail of this SI1P transport,
including an “PLTP-S1P” or “PLTP-X-SIP” interaction
investigation and transport efficiency assessment.

A well known decisive factor of HDL preserving S1P is
the apoM, an endogenous specific SIP adaptor, which is
also enriched in HDL [9]. The results of apoM in plasma
and lipoproteins indicated that no apoM content change
was found, suggesting that the capability of HDL trapping
S1P was not affected. Additionally, the apoM profile in
PLTP—/— lipoprotein demonstrated that the PLTP defi-
ciency are quite different from other genetic modified
mouse models, such as apoE deficiency or LDL receptor
deficiency which were observed apoM shifting from HDL
to non-HDL, suggesting that PLTP may transfer “free”
S1P to non-HDL independent of apoM [22].

In spite of the transactivation of S1P receptors via
connective tissue growth factor -ERK1/2-JNK, LDL also
showed a strong S1P trapping activity, and this activity is
independent of apoM [25, 29]. Furthermore, our data
showed that little apoM was observed in non-HDL, sug-
gesting LDL trapping S1P might be via an unknown
mechanism. On the other hand, HDL increased myocardial
perfusion under basal conditions, whereas S1P inhibited
myocardial perfusion through the S1P3 receptor, demon-
strating that the activity of SIP is not consist with HDL
bioactivities constantly and the exhibition of S1P activities
might depend on the receptor distribution and the “trans-
port form” [30]. Non-HDL SIP increasing in myocardial
infarction or stable coronary arterial disease patients indi-
cates that the function of the non-HDL-S1P is worthy of
further investigation. Furthermore, in CHD patients,
increased PLTP activity was reported, suggesting that
PLTP might participate in the metabolism of non-HDL S1P
in plasma [31].

An important phenomenon worth noting is that the
molar ratio of apoAl and SIP is equal to 50-100 in WT
plasma, indicating that over 50 HDL particles process one
S1P molecule. However, in PLTP—/— plasma, the apoAl
content was decreased by 90 %, S1P content was decreased
by 60 %, suggesting that S1P might be partially enriched in
PLTP deficiency status [10]. To understand how the
metabolism of S1P is affected by PLTP in HDL or other
lipoproteins, the content of major apolipoproteins in HDL,
such as apoAl, apoAll, and apoM should be considered in
further investigation.

In summary, our studies characterized the role of PLTP
on the distribution of S1P in lipoproteins and revealed that
the mechanism might be due to the transfer activity of

PLTP. These findings provided experimental evidence on
the pathogenesis research of atherosclerotic cardiovascular
diseases.
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