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Abstract Lysophosphatidic acids (LysoPAs) and lysophos-
phatidylserine (LysoPS) are emerging lipid mediators pro-
posed to be involved in the pathogenesis of acute coronary
syndrome (ACS). In this study, we attempted to elucidate
how LysoPA and LysoPS become elevated in ACS using hu-
man blood samples collected simultaneously from culprit
coronary arteries and peripheral arteries in ACS subjects.
We found that: I) the plasma LysoPA, LysoPS, and lyso-
phosphatidylglycerol levels were not different, while the ly-
sophosphatidylcholine (LysoPC), lysophosphatidylinositol,
and lysophosphatidylethanolamine (LysoPE) levels were sig-
nificantly lower in the culprit coronary arteries; 2) the serum
autotaxin (ATX) level was lower and the serum phosphatidyl-
serine-specific phospholipase A; (PS-PLA,) level was higher
in the culprit coronary arteries; 3) the LysoPE and ATX
levels were significant explanatory factors for the mainly el-
evated species of LysoPA, except for 22:6 LysoPA, in the pe-
ripheral arteries, while the LysoPC and LysoPE levels, but
not the ATX level, were explanatory factors in the culprit
coronary arteries; and 4) 18:0 and 18:1 LysoPS were signifi-
cantly correlated with PS-PLA, only in the culprit coronary
arteries.llil In conclusion, the origins of LysoPA and LysoPS
might differ between culprit coronary arteries and periph-
eral arteries, and substrates for ATX, such as LysoPC and
LysoPE, might be important for the generation of LysoPA
in ACS.—Kurano, M., K. Kano, T. Dohi, H. Matsumoto, K.
Igarashi, M. Nishikawa, R. Ohkawa, H. Ikeda, K. Miyauchi,
H. Daida, J. Aoki, and Y. Yatomi. Different origins of lyso-
phospholipid mediators between coronary and peripheral
arteries in acute coronary syndrome. J. Lipid Res. 2017. 58:
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Lysophosphatidic acids (LysoPAs) are potent lipid me-
diators, especially in the field of vascular biology (1), and
many basic studies have suggested that LysoPA might be
involved in the pathogenesis of atherosclerotic diseases in
terms of both the formation of atheromatous plaques
and the rupture of such plaques; for example, LysoPA in-
duces the expression of adhesion molecules and chemo-
kines in endothelial cells (2, 3), the migration of smooth
muscle cells (4, 5), and the activation of platelets (6, 7).

Recently, we have obtained evidence of the involvement
of LysoPA in human acute coronary syndrome (ACS);
LysoPA, as measured using an enzymatic method (8), was
elevated in the plasma of subjects with ACS, compared with
the levels in plasma samples from subjects with normal
coronary and stable angina pectoris (9), and LysoPA was
also higher in plasma samples collected from culprit coro-
nary arteries than in those from peripheral arteries (10).
We also investigated the origins of the elevated LysoPA lev-
els in ACS using LC-MS/MS and found that the levels of
long-chain unsaturated LysoPAs (22:6, 20:4, 18:2), in par-
ticular, were elevated in ACS patients and were strongly
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erol; LysoPI, lysophosphatidylinositol; LysoPS, lysophosphatidylserine;
PS-PLA,, phosphatidylserine-specific phospholipase A;.
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correlated with the levels of corresponding species of ly-
sophosphatidylinositol (LysoPI), lysophosphatidylcholine
(LysoPC), and lysophosphatidylethanolamine (LysoPE),
but were only weakly correlated with the level of autotaxin
(ATX), which produces LysoPA through its lysophos-
pholipase D activity, suggesting that increased levels of pre-
cursor glycero-lysophospholipids (glycero-LPLs) might be
involved in the generation of LysoPA (11).

In addition to the possible roles of glycero-LPLs in the
generation of LysoPA in ACS, several glycero-LPLs other
than LysoPA might also be directly involved in the patho-
genesis of ACS. Among the glycero-LPLs with elevated
levels in ACS, lysophosphatidylserine (LysoPS) might pos-
sess some important physiological roles. Although evidence
from both clinical and basic studies remains insufficient,
LysoPS seems to be correlated specifically with serotonin, a
biomarker for platelet activation, in human subjects (12).
Basic research has reportedly shown LysoPS to possess
several biological activities, such as the attenuation of the
expressions of inflammatory mediators in macrophages
(13), the suppression of T lymphocyte proliferation (14),
and the constraint of regulatory T lymphocyte develop-
ment and functions (15).

As described above, however, although the origins and
functions of LysoPA and LysoPS have been elucidated from
both basic and clinical studies, evidence of the involvement
of LysoPA and LysoPS in atherosclerotic diseases, especially
in human subjects, remains insufficient. Therefore, the
present study aimed to elucidate the origins of LysoPA and
LysoPS in ACS using human samples. For this purpose,
we used an LC-MS/MS method to measure the levels of
glycero-LPLs and their producing enzymes, ATX and its
isoforms and phosphatidylserine-specific phospholipase A;
(PS-PLA,;), in plasma samples collected simultaneously
from both culprit coronary arteries and peripheral arteries
(10). We then investigated differences in the levels of pos-
sible explanatory factors for LysoPA and LysoPS between
these samples. In this context, LysoPA is reportedly abun-
dant in human atherosclerotic plaque lesions (16) and, af-
ter plaque rupture, is thought to trigger the consequent
events, such as platelet activation (6), while LysoPS might
be derived from phosphatidylserine, which is exposed to
the surface of the cell membrane during platelet activation
(17) or cell apoptosis (18), proposed to be involved in the
pathogenesis of ACS (19, 20). Therefore, the blood sam-
ples from culprit coronary arteries should theoretically re-
flect the origins of LysoPA and LysoPS to a greater degree
than peripheral arteries, which is the main theme to be
pursued in this study.

METHODS

Samples from patients who had undergone coronary
angiography

The samples obtained from subjects who had undergone coro-
nary angiography have been previously described (10). Briefly, 52
consecutive patients with ACS who underwent an emergency PCI
and thrombectomy at Juntendo University Hospital between
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January and December 2009 were enrolled according to previ-
ously reported entry and exclusion criteria. The ethics review
committee at Juntendo University Hospital approved the study,
all the participants signed informed consent forms, and the study
was registered in the UMIN protocol registration system
(#UMINO000002103). This study was also approved by the institu-
tional review boards of both the University of Tokyo and Juntendo
University School of Medicine.

All the patients had received standard medication for ACS con-
sisting of aspirin (162 mg) and clopidogrel (300 mg), and hepa-
rin (100 IU/kg) was administered before blood sampling. The
coronary blood samples were collected from a culprit coronary
artery through a thrombectomy catheter, and the peripheral
blood samples were collected from an arterial sheath; the col-
lected samples were transferred to glass vacutainer tubes with or
without EDTA to obtain plasma and serum samples, respectively.
The anticoagulated samples were centrifuged at 2,500 g for 30
min at 4°C to obtain the plasma samples. Whole blood samples
collected without EDTA-2Na were left to clot, and the serum was
then separated by centrifugation at 2,500 g for 30 min at 4°C.
Both the plasma and serum samples were stored at —80°C, and
freeze-thaw treatment was limited to once only before the mea-
surement of the glycero-LPLs and their related enzymes or lipids.

Measurement of LPL species using LC-MS/MS

Quantification of the glycero-LPLs was performed as previously
described (21). Briefly, the plasma samples were mixed with a 10-
fold volume of methanol and an internal standard and then soni-
cated. After centrifugation at 21,500 g, the resulting supernatant
was recovered and used for the LC-MS analysis. Then, 20 pl of
methanol extract was separated using a Nanospace LC (Shiseido)
equipped with a C18 CAPCELL PAK ACR column (1.5 x 250 mm;
Shiseido) using a gradient of solvent A (5 mM ammonium for-
mate in water) and solvent B [5 mM ammonium formate in 95%
(v/v) acetonitrile]. Elution was sequentially ionized using an ESI
probe, and the parention (m/z 380.2) and the fragment ion (m/z
264.2) were monitored in the positive mode using a Quantum
Ultra triple quadrupole mass spectrometer (Thermo Fisher Scien-
tific). For each glycerol-LPL class, 12 acyl chains (14:0, 16:0, 16:1,
18:0, 18:1, 18:2, 18:3, 20:3, 20:4, 20:5, 22:5, and 22:6) were

monitored.

Measurement of serum ATX, ATX isoforms, and PS-PLA;
levels

The ATX, ATX isoforms, and PS-PLA, levels in the serum were
determined using a two-site immunoenzymetric assay with an ATX
assay reagent equipped with the TOSOH AIA system (TOSOH,
Tokyo, Japan) (22-24).

Measurement of plasma choline levels

The plasma choline levels were measured using an enzymatic
method. Briefly, choline was oxidized with choline oxidase, and
the produced HyO, was determined using a colorimetric assay us-
ing TOOS and 4-aminoantipyline as substrates. The detailed pro-
cedure used for this assay will be published elsewhere.

Statistical analysis

All the data were statistically analyzed using SPSS (Chicago,
IL). The results are expressed as the mean + SD. The values ob-
tained from two groups were compared using the paired Wil-
coxon test, and correlations were sought using the Spearman
correlation test, because normality or equality of variance had
been rejected using the Kolmogorov-Smirnov test or the Levene
test for most of the parameters or analyses. The independent ef-
fects of the glycero-LPLs and the total ATX level on LysoPA were



evaluated using a stepwise multiple regression analysis. P values
less than 0.05 were regarded as statistically significant in all the
analyses.

RESULTS

Plasma LysoPA levels were not different, while plasma
LysoPC, choline, and serum ATX levels were low in culprit
coronary arteries, compared with peripheral arteries

First, we compared the levels of LysoPA and its related
molecules between culprit coronary arteries and periph-
eral arteries. When the glycero-LPL levels were measured
using an LC-MS/MS method, the plasma total LysoPA level
was not different between the two samples (Fig. 1A). Con-
trary to LysoPA, the plasma levels of total LysoPC (a precur-
sor of LysoPA) and choline (produced when LysoPC is
hydrolyzed into LysoPA by ATX) were lower in culprit cor-
onary arteries (Fig. 1B, C). Regarding the molecular spe-
cies, the pattern of LysoPA species was similar to that
observed previously (11), with 18:2 LysoPA, 20:4 LysoPA,
and 22:6 LysoPA being especially high in ACS (Fig. 1D).
No differences between the two samples were seen for any
of the LysoPA species, while all of the LysoPC species,
except for 14:0 LysoPC, were lower in the culprit coronary

arteries (Fig. 1D, E). We also measured the serum levels of
total ATX and found that the total ATX level was signifi-
cantly lower in the culprit coronary arteries (Fig. 1F). Be-
cause five alternative splicing isoforms of ATX have been
identified as ATXa, ATXB, ATXy, ATX3, and ATXe and
the expression patterns of each isoform in several tissues
differ somewhat, we also measured the classical ATX
(ATXa, ATXB, and ATXy) and novel ATX (ATXS and
ATXe) levels using enzyme immunoassays that we recently
developed (24); as a result, we observed that, in addition to
the total ATX level, the classical ATX level was also signifi-
cantly lower and the novel ATX level tended to be lower in
the culprit coronary arteries (Fig. 1F).

Plasma LysoPE and LysoP]I levels were lower in culprit
coronary arteries than in peripheral arteries

Next, we compared the plasma concentrations of
glycero-LPLs other than LysoPA and LysoPC between the
culprit coronary arteries and the peripheral arteries. As
shown in Fig. 2A, B, the plasma LysoPI and LysoPE levels
were lower in the culprit coronary arteries, while the
plasma LysoPS and lysophosphatidylglycerol (LysoPG) lev-
els were not different (data not shown). Regarding molecu-
lar species, LysoPI species, except for 14:0, 16:1, 18:3, 20:5,
and 22:5 LysoPI, were lower in the culprit coronary arteries
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Fig. 1. Plasma LysoPA, its related lipids, and ATX
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and ATX were measured in samples collected simul-
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(Fig. 2C), while 16:0, 18:0, and 20:4 LysoPE were lower in
culprit coronary arteries (Fig. 2D). None of the molecular
species of LysoPG differed between the two samples (data
not shown).

Differences in significant explanatory factors for LysoPA
species between culprit coronary arteries and peripheral
arteries

Because some glycero-LPLs and ATX levels differed be-
tween the culprit coronary arteries and the peripheral ar-
teries, we next compared the correlations between 18:1,
18:2, 20:4, and 22:6 LysoPA, which are characteristic LysoPA
species for ACS, and their corresponding glycero-LPLs or
total ATX levels in each sample.

In the plasma samples collected from culprit coronary
arteries, no significant correlation was observed between
any of the LysoPA species and ATX, while a rather strong
correlation was observed between LysoPA and the cor-
responding LysoPC, LysoPI, and LysoPE (Fig. 3; supple-
mental Fig. SI). Unlike the plasma samples from culprit
coronary arteries, plasma from peripheral arteries exhib-
ited a significant correlation between 18:2 LysoPA and
total ATX and a marginally significant correlation between
20:4 LysoPA and total ATX. Regarding the correlation
between LysoPA and the corresponding LysoPC, LysoPlI,
and LysoPE, although significant correlations were observed,
the correlation between LysoPA and the corresponding
LysoPC was rather weak compared with that in the cul-
prit coronary arteries (Fig. 4; supplemental Fig. S2).
Some LysoPG species were also positively correlated with
LysoPA (supplemental Fig. S3); however, LysoPS did not
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have a significant positive correlation with LysoPA (data
not shown).

Furthermore, when we investigated explanatory factors
for LysoPA using multiple regression analyses with the
glycero-LPLs and total ATX levels as candidate factors, Ly-
soPC and LysoPE, but not ATX, were selected as significant
explanatory factors for LysoPA in culprit coronary arteries,
while LysoPE and ATX were selected as significant explana-
tory factors for 18:1, 18:2, and 20:4 LysoPA in peripheral
arteries (Table 1; supplemental Table SI1). The explana-
tory factors for 22:6 LysoPA were LysoPC and LysoPE in
culprit coronary arteries, while LysoPE (but not ATX) was
an explanatory factor in peripheral arteries. These results
also suggest that of the LysoPA species that are elevated in
ACS, at least 18:1, 18:2, and 20:4 LysoPA might be derived
from the presence of increased substrates for ATX.

Plasma LysoPS levels had a positive correlation with
PS-PLA, in culprit coronary arteries, but not in peripheral
arteries

Because LysoPS is increased in ACS (11) and is emerg-
ing as an important lysophospholipid in the pathogenesis
of ACS, in addition to LysoPA (13), we also investigated the
source of the elevated LysoPS levels in ACS in the present
study.

As shown in Fig. 5A, only the 18:0 LysoPS level was lower
in the culprit coronary arteries than in the peripheral arter-
ies, while the total LysoPS levels were not different. In con-
trast, the PS-PLA, levels were significantly higher in the
culprit coronary arteries (Fig. 5B). Regarding the correla-
tion between PS-PLLA;| and LysoPS, both the 18:0 and 18:1
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LysoPS levels were significantly correlated with PS-PLA,
only in the plasma samples collected from culprit coronary
arteries, and not in the samples from peripheral arteries
(Fig. 5C-F).

DISCUSSION

Many basic studies have proposed that LysoPA is in-
volved in the pathogenesis of ACS, resulting in its con-
sideration as a possible pharmacological target (25, 26).
Regarding clinical studies, however, only a few studies
have examined the involvement and origins of LysoPA in
ACS. Moreover, some glycero-LPLs, especially LysoPS, are
emerging as important lipid mediators in various diseases,
including ACS (27, 28). Recently, we reported that the
levels of specific LysoPA species, as well as some corre-
sponding glycero-LPLs, were elevated in ACS (11). Because
LysoPA had only a weak correlation with ATX and rather
strong correlations with the corresponding species of
glycero-LPLs, we speculated that the elevated LysoPA levels
observed in ACS were determined by increased levels as

glycero-LPLs, which can function as substrates for ATX. In
this study, we aimed to demonstrate this hypothesis using
plasma samples collected simultaneously from culprit coro-
nary arteries and peripheral arteries.

First, we compared the concentrations of glycero-LPLs,
ATX, and ATX isoforms between culprit coronary arteries
and peripheral arteries and found that the LysoPA levels
determined using LC-MS/MS were not significantly different
(Fig. 1A); meanwhile, the plasma LysoPA level was signifi-
cantly higher in culprit coronary arteries when measured
using an enzymatic method, as reported previously (10).
The reason for this discrepancy might be the characteristics
of the assays; although the concentrations of molecular spe-
cies can be obtained using an LC-MS/MS assay, the percent
coefficient of variations of the total LPLs as determined using
an LC-MS/MS assay (which calculates the concentrations of
the total LPLs as the sum of each LPL species) is somehow
higher than those measured using an enzymatic assay and an
autoanalyzer. Regarding LysoPA species, we confirmed that
18:2, 20:4, and 22:6 LysoPA are the main LysoPA species
found in ACS, but no differences were observed between
culprit coronary arteries and peripheral arteries. Although
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only a few reports have compared lipid concentrations be-
tween coronary and peripheral arteries, the fact that several
glycero-LPLs were lower in the culprit artery (Fig. 2) strongly
suggests that the characteristics of glycero-LPLs differ be-
tween these two types of samples. Actually, although the Ly-
soPA levels were not different, the total ATX and classical
ATX (producing enzymes for LysoPA) levels, the LysoPC,
LysoPE, and LysoPI (possible substrates for ATX) levels,
and the choline (a byproduct generated during the pro-
duction of LysoPA from LysoPC with ATX) level were sig-
nificantly lower in samples obtained from culprit coronary
arteries (Figs. 1, 2).

Next, we investigated the correlation between LysoPA
and ATX in the two types of samples. Concordant with a
previous study demonstrating that 18:2 LysoPA is most
strongly correlated with ATX in peripheral arteries (11),
only the plasma 18:2 LysoPA level was significantly corre-
lated with ATX in peripheral arteries (Fig. 4 A-C, supple-
mental Fig. S2A). Interestingly, in culprit coronary arteries,
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none of the plasma LysoPA species levels were correlated
with the total ATX level (Fig. 3 A-C). In a previous article
(11), we observed the existence of a strong correlation be-
tween LysoPA species and corresponding glycero-LPLs,
especially LysoPC, LysoPE, and LysoPI. We were able to re-
produce these close correlations again in both types of
plasma samples measured in the present study (Figs. 3, 4),
while the correlation between LysoPA and LysoPC seemed
stronger in the culprit coronary arteries. Moreover, multi-
ple regression analyses demonstrated that only LysoPC and
LysoPE were selected as significant explanatory factors for
the LysoPA level in culprit coronary arteries, while ATX
and LysoPE were selected as significant explanatory factors
in peripheral arteries. Regarding 22:6 LysoPA, ATX was
not selected as an explanatory factor even in peripheral
artery samples. In a previous study (11), 22:6 LysoPA exhib-
ited a rather curious homeostasis, compared with other
LysoPA species: plasma 22:6 LysoPA had the weakest
correlation with ATX, and 22:6 LysoPG was selected as a



TABLE 1.

Multiple regression analyses for plasma LLPA species in culprit coronary arteries and peripheral arteries

B 95% CI Standardized B P

18.2 LysoPA in culprit coronary arteries

18:2 LysoPC 0.003 (0.001-0.004) 0.457 <0.001

18:2 LPE 0.127 (0.024-0.230) 0.332 0.016
18.2 LysoPA in peripheral arteries

18:2 LysoPE 0.273 (0.219-0.327) 0.776 <0.001

ATX 0.146 (0.074-0.219) 0.311 <0.001
20:4 LysoPA in culprit coronary arteries

20:4 LysoPE 0.104 (0.050-0.159) 0.450 <0.001

20:4 LysoPC 0.004 (0.002-0.007) 0.385 0.002
20:4 LysoPA in peripheral arteries

20:4 LysoPE 0.151 (0.119-0.183) 0.779 <0.001

ATX 0.051 (0.014-0.088) 0.226 0.008

Multiple regression analyses for plasma 18:2 LPA and 20:4 LPA in culprit coronary arteries and peripheral
arteries. The LPLs of the corresponding molecular species and ATX were utilized as possible explanatory factors.

B represents the unstandardized coefficients.

negative explanatory factor for 22:6 LysoPA. In the present
independent study, these characteristics for 22:6 LysoPA
were reproduced (supplemental Table S1). Considering
that palmitoyl-docosahexaenoyl (16:0-22:6)-phosphatidyl-
choline is extremely abundant in murine cardiac tissue
(29), the 22:6 species of phospholipids might be character-
istic of cardiac tissue and might be eluted into the blood
when cardiac tissue is damaged, such as is the case in ACS.
Further studies are needed to elucidate the dynamism and
physiological roles of the 22:6 species of phospholipids in
ACS. At the least, the present results suggest that LysoPC
and LysoPE might be involved in the elevated concentra-
tion of LysoPA observed in ACS.

A 0.3r P =0.004

Considering LysoPC and LysoPE, it was noted that their
concentrations were much higher than that of LysoPA. Re-
garding the metabolism of LysoPA in the circulation, LysoPA
is produced by the LysoPLD activity of ATX from its
substrates, such as LysoPC and LysoPE, and undergoes
rapid degradation by lipid phosphate phosphatases (LPPs)
(30). In the steady state, considering a strong correlation
between the LysoPLD activity (31) and the LysoPA level
and half reduction of the plasma LysoPA level observed in
ATX heterozygote mice (32), ATX activity might determine
the plasma LysoPA level. On the other hand, in the ACS
subjects, the elevation of substrates, such as LysoPC and
LysoPE (11), without elevation of ATX, might theoretically

Il coronary
] peripheral
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increase the plasma LysoPA levels. The decreased activity
of LPPs, however, is another possible mechanism for the
elevation of LysoPA in ACS; actually a genome-wide associ-
ation analysis identified LPP3 as a candidate gene for coro-
nary artery diseases (33) and basic studies have also
supported the association between LPPs and atherosclero-
sis (34, 35).

In general, the origins of LysoPC and LysoPE have not
yet been adequately established, although several possible
pathways have been reported: I) LCAT and oxidation of
LDL produce especially saturated LysoPC (36, 37); 2)
hepatocytes secrete especially unsaturated LysoPC and Ly-
soPE (38, 39); and 3) platelet activation and deletion of the
LDL receptor also increased LysoPC and LysoPE (40, 41).
Regarding the pathogenesis of ACS, along with oxidation
of LDL and activation of platelets, the elution from dam-
aged heart tissue might also be involved. Because the com-
ponents of cardiac tissue are eluted into the blood during
ACS and because LysoPC and LysoPE reportedly exist in
the heart (42), LysoPC and LysoPE might be eluted di-
rectly from damaged tissue. Further study is needed to elu-
cidate the origins of LysoPC and LysoPE in the pathogenesis
of ACS.

The major limitation of this study is that the samples
were not always collected immediately after the occurrence
of ACS. It seems reasonable to assume that elevated LysoPA
levels during ACS might be diluted over time, because the
blood would be circulated throughout the entire body.
Theoretically, however, plasma samples collected from cul-
prit coronary arteries should reflect changes in lipid medi-
ators and their related proteins to a greater degree than
samples collected from peripheral arteries. In addition, in
this study, the blood samples were collected after the sub-
jects received the infusion of heparin as a standard therapy
for ACS. Although the effects of heparin on the plasma
levels of lysophospholipids have not been demonstrated,
we observed that the injection of heparin increased the
plasma concentrations of LysoPA, LysoPG, and LysoPI
among lysophospholipids in mice (data not shown). Al-
though we think it is reasonable to compare both samples
because all the subjects received heparin in a similar way,
we cannot deny the possibility that these lysophospholipids
(especially LysoPI) can be differently modulated by hepa-
rin between these two samples. Another limitation of this
study is that because this is an observational study, we can-
not demonstrate how LysoPA is generated or how LysoPA
is involved in the pathogenesis of ACS. Actually, several
other factors thought to be involved in regulating the pro-
duction of LysoPA were not investigated in the present
study, including production resulting from platelet activa-
tion (43, 44) and LDL oxidation (16), as well as degrada-
tion by LPPs (45, 46). Among these factors, in the present
study, we could not especially rule out the involvement of
the LysoPA-producing pathway from phosphatidic acids in
the culprit coronary artery. Actually, secretory phospholi-
pase Ay and phosphatidic acid-selective phospholipase A,
are reportedly involved in the production of extracellular
LysoPA (47), although the latter is subjected to binding to
the cell membrane after secretion. At least, however, we
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can safely conclude that the LysoPA level is determined by
its substrates, rather than ATX, in culprit coronary arteries,
which is not the case in peripheral arteries.

Along with LysoPA, we also investigated differences in
the culprit coronary artery and peripheral artery levels of
LysoPS and PS-PLA,, which is one of the enzymes that pro-
duces LysoPS (48), as well as the correlation between Lys-
oPS and PS-PLA,. In the present study, only 18:0 LysoPS
was lower and PS-PLA; was higher in culprit coronary arter-
ies. Although the source of PS-PLA, in human subjects and
the physiological difference between 18:0 LysoPS and 18:1
LysoPS have not yet been established, the present observa-
tions suggest the possible involvement of LysoPS and PS-
PLA; in ACS. Regarding the correlation with PS-PLA,, both
18:0 LysoPS and 18:1 LysoPS were significantly correlated
with PS-PLA, only in culprit coronary arteries (Fig. 5C-F).
Although these correlations might suggest that LysoPS was
somehow produced by PS-PLA| during the pathogenesis of
ACS, PS-PLA, is believed to prefer to cleave the sn-1 posi-
tion of phosphatidylserine, which is thought to produce
unsaturated LysoPS (48). Contrary to this characteristic of
PS-PLA|, the correlations between PS-PLA; and 18:0 Lys-
oPS or 18:1 LysoPS seemed similar in this study. Because
the 18:0 LysoPS levels were strongly correlated with the
18:1 LysoPS levels (r=0.822, P< 0.001 in the culprit coro-
nary artery; r = 0.912, P < 0.001 in the peripheral artery;
supplemental Fig. S4), it can safely be assumed that mecha-
nisms other than PS-PLA;| might be involved in the genera-
tion of LysoPS in ACS.

The clinical significance of the present study depends on
the physiological properties of LysoPA and LysoPS in the
pathogenesis of ACS. As described in the Introduction sec-
tion, because LysoPA has been proposed to play harmful
roles in the pathogenesis of ACS, the increase in LysoPA in
patients with ACS might accelerate pathologic conditions.
There remains, however, the possibility that long unsatu-
rated LysoPA molecules, especially 22:6 LysoPA, might pro-
tect against ACS, because the activity of LysoPA as an
agonist toward each LysoPA receptor, especially LysoPA
receptor 3, depends on the LysoPA molecular species (47,
49). Regarding LysoPS, because LysoPS reportedly sup-
presses inflammation, as mentioned in the Introduction
section, the elevation of LysoPS in patients with ACS might
be a compensatory reaction, although the physiological
properties of LysoPS remain to be fully elucidated. Further
studies are needed to elucidate the roles of the molecular
species of LysoPA, LysoPS, and other glycero-LPLs in the
pathogenesis of ACS.

In summary, the origins of LysoPA and LysoPS might dif-
fer between culprit coronary arteries and peripheral arter-
ies, and substrates for ATX, such as LysoPC and LysoPE,
might be important for the generation of LysoPA in ACS.Hl
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