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Abstract Platelet-activating factor (PAF), the potent phos-
pholipid mediator of inflammation, is involved in athero-
sclerosis. Platelet-activating factor-acetylhydrolase (PAF-AH),
the enzyme that inactivates PAF bioactivity, possesses both
acetylhydrolase and transacetylase activities. In the present
study, we measured acetylhydrolase and transacetylase activ-
ities in human atherogenic aorta and nonatherogenic mam-
mary arteries. Immunohistochemistry analysis showed PAF-AH
expression in the intima and the media of the aorta and in
the media of mammary arteries. Acetylhydrolase and trans-
acetylase activities were (mean 6 SE, n 5 38): acetylhydrolase
of aorta, 2.8 6 0.5 pmol/min/mg of tissue; transacetylase of
aorta, 3.3 6 0.7 pmol/min/mg of tissue; acetylhydrolase of
mammary artery, 1.4 6 0.3 pmol/min/mg of tissue (P ,
0.004 as compared with acetylhydrolase of aorta); transacety-
lase of mammary artery, 0.8 6 0.2 pmol/min/mg of tissue
(P , 0.03 as compared with acetylhydrolase of mammary
artery). Lyso-PAF accumulation and an increase in PAF bio-
activity were observed in the aorta of some patients. Reverse-
phase HPLC and electrospray ionization mass spectrometry
analysis revealed that 1-O-hexadecyl-2 acetyl-sn glycero-3-
phosphocholine accounted for 60% of the PAF bioactivity and
1-O-hexadecyl-2-butanoyl-sn -glycerol-3-phosphocholine for
40% of the PAF bioactivity. The nonatherogenic properties
of mammary arteries may in part be due to low PAF formation
regulated by PAF-AH activity. In atherogenic aortas, an im-
balance between PAF-AH and transacetylase activity, as well
as lyso-PAF accumulation, may lead to unregulated PAF forma-
tion and to progression of atherosclerosis.—Tsoukatos, D. C., I.
Brochériou, V. Moussis, C. P. Panopoulou, E. D. Christofidou, S.

Koussissis, S. Sismanidis, E. Ninio, and S. Siminelakis. Platelet-
activating factor acetylhydrolase and transacetylase activities
in human aorta and mammary artery. J. Lipid Res. 2008. 49:
2240–2249.

Supplementary key words atherosclerosis • macrophages • smooth
muscle cells • lipoproteins • atherogenesis • oxidized LDL • macrophages

The platelet-activating factor (PAF) (1-O -alkyl-2-acetyl-
sn -glycero-3-phosphocholine) belongs to a family of potent
phospholipid (PL) mediators for numerous inflammatory
and thrombotic responses (1). PAF exhibits a wide spec-
trum of actions on major pro-inflammatory cells, including
monocytes/macrophages, endothelial cells, and smooth
muscle cells (SMCs) (as reviewed in Ref. 2). PAF bioactivity
is mediated by the PAF receptor (PAF-R) in a wide range of
cellular types; it is a seven-transmembrane receptor coupled
to G-proteins (3, 4). For expression of PAF bioactivity, the
structural requirements of the molecules are: an ether link-
age at the sn -1 position, a short acyl chain (shorter than five
carbons) at the sn -2 position, and a choline head group
(5, 6). Atherosclerosis is a chronic inflammatory disease
(7), and several studies suggest that PAF may play a role in
atherogenesis and atherosclerosis (as reviewed in Ref. 8).

PAF is synthesized by the majority of pro-inflammatory
cells upon stimulation via enzymatic pathways that are tightly
regulated and are related to eicosanoid metabolism (9). PAF
is degraded by specific intracellular PAF acetylhydrolases or
those circulating in plasma (as reviewed in Ref. 10).
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Additionally, uncontrolled free radical-catalyzed oxida-
tion of PUFAs attached to the sn -2 position of PLs can
produce several break-down products that structurally re-
semble PAF. Oxidized species of phosphatidylcholine have
been shown to act in vitro as potent activators of both vas-
cular and blood cells (11). The bioactivity of some of these
may be due to their structural analogy with PAF (12).

Plasma PAF- acetylhydrolase (PAF-AH) is a secretory
Ca21-independent phospholipase A2 (PLA2) belonging
to the group VIIA (13) that inactivates PAF and its analogs
(oxidized phosphatidylcholine containing either up to five
carbons in native form or up to nine carbons in oxidized
form) by hydrolyzing their sn -2 acyl chains and thus con-
verting them to lyso-PAF and lysophosphatidylcholine
(lyso-PC) (14–17). PAF-AH in plasma is associated mainly
with LDL and HDL (16).

Diffusion of LDLs into the vessel wall and their oxida-
tive modification, together with monocyte transmigration
along with their maturation into macrophages and foam
cell formation, are key events in the pathogenesis of ath-
erosclerosis (7, 18). PAF bioactivity is formed upon Cu21-
induced oxidation of LDL, in which PAF-AH has been
chemically inactivated by serine esterase inhibitors (19).
In physiological conditions, PAF is formed in lipoproteins
lacking PAF-AH activity (20), and it is also detected in oxi-
dized LDL subfractions possessing low levels of PAF-AH
activity, i.e., LDL particles of intermediate size (21). PAF
is involved in the monocyte adhesion to endothelium acti-
vated by LDL and oxidized LDL (22), and for this reason,
LDL-associated PAF-AH may possess anti-inflammatory
properties, protecting lipoprotein particles against forma-
tion of PAF and oxidized PLs. The anti-inflammatory activ-
ities of PAF-AH in numerous animal models (23) strongly
suggest an anti-atherogenic role for this enzyme in vascular
physiology. Indeed, the overexpression of PAF-AH shows
marked anti-atherogenic properties in animal models
(24). However, epidemiological data in the Caucasian
population have shown that its level might be a risk factor
for cardiovascular disease (as reviewed in Ref. 10). Thus,
the question about the pro- or anti-atherogenic role of
PAF-AH remains to be explored. Of interest, in a recent
study by Vadas et al. (25), the proportion of patients with
low PAF-AH values increased with the severity of anaphy-
laxis, and its level was lower in patients with fatal peanut
anaphylaxis, underlying the importance of PAF-AH in
human physiopathology.

Two studies have shown that PAF-AH is responsible for
both acetylhydrolase and transacetylase activities (26, 27).
Transacetylase transfers short-chain fatty acids from PAF and
its close ether- and ester-linked analogs to ether/ester-linked
lyso-PLs. Such transacetylase activity may exceed the acetyl-
hydrolase activity in the presence of exogenously added
lyso-PLs) or in the presence of oxidative conditions. Due to
the LDL-associated PAF-AH, a PAF-like bioactivity can be
formed transiently during the first hour of LDL oxidation.
PAF bioactivity occurs in the presence of exogenous lyso-
PAF, without chemical inactivation of PAF-AH, especially
in the pro-atherogenic small, dense LDL subfraction (27).
Enzymatic transfer of acetate from the inactive ester analogs

to lyso-PAF may also be responsible for extracellular PAF
bioactivity formation (6). This happens in addition to the
extracellular PAF bioactivity formation by chemical peroxi-
dation of PLs with PUFAs esterified at the sn-2 position of
the molecules (6).

The aim of the present study was to investigate the role
of the PAF system in the progression of atherosclerosis. For
this purpose, in human nonatherogenic mammary arteries
(28) and diseased aortas of the same patients, we mea-
sured: i) PAF-AH, transacetylase, and acetylhydrolase activ-
ities; ii) PAF bioactivity; iii) lyso-PAF accumulation; and iv)
the expression of PAF-R.

MATERIALS AND METHODS

Materials
C16:0 PAF, C16:0 lyso-PAF, C16:0 lyso-PC, fatty acid-free BSA,

creatine phosphate, creatine phosphokinase were from Sigma, ace-
tic anhydride was from Fluka, and Pefablok SC (4-[2-aminoethyl
benzenesulfonyl fluoride, Pefablok) was from Pierce. Liquid
scintillation fluid (Optiphase Hi-Safe 3) was supplied by E.G.G.
BN 52021 was kindly provided by Dr. P. Braquet (Institut Henri
Beaufour). Lipase from Rhizopus arrhizus was supplied by Boehringer
Mannheim. Solvents were from Lab-Scan. 1-O-hexadecyl-2-[3H-
acetyl]sn -glycero-phosphocholine (10 Ci/mmol), 1-O-[3H]hexadecyl-
sn -glycero-phosphocholine (58.3mCi/mmol), and1-[palmitoyl-1-14C]
phosphatidylcholine (50.5 mCi/mol) and were from DuPont-
New England Nuclear.

Patients and sample collection
The study group included 38 patients, 30 male and 8 female,

age 63 6 13 years, with symptomatic coronary artery disease in
which at least two vessels would be grafted. The epidemiologic
characteristics of the patients were recorded. Full-thickness aortic
tissue samples 4–5 mm in diameter from the ascending aorta, two
for each patient, were obtained with a No. 11 knife during the
construction of the proximal anastomosis in bypass surgery with
extracorporeal circulation after cardiac arrest was induced with
cold (10°C) blood cardioplegia (29).

As a control, two samples of internal mammary artery free of
atherosclerotic lesions were obtained from the same patients.

The study was approved by the ethics committee of our hospi-
tal, inasmuch as the method of sample collection did not affect
the patientsʼ health; to the contrary, it is included in the routine
practice of heart surgery (29).

The samples were freed of adipose tissue with fine scissors
and washed with saline to remove any blood elements. Then
one sample from each origin (aorta and internal mammary ar-
tery) was quickly frozen in liquid nitrogen and stored at 280°C
until the biochemical analyses, and one sample of each origin was
put in formaldehyde for histology, totaling four samples from
each patient.

Antibodies
For immunohistochemistry, the following monoclonal anti-

bodies were used: CD68 (dil. 1/500; clone: KP1, Dako), CD3
(dil. 1/100; clone: F7.238, Dako), PAF-R (dil. 1/10; clone: 21,
Alexis Biochemicals), PAF-AH (dil. 1/20, Cayman).

Histological studies
After microwave treatment (5 min at 900 W in citrate buffer),

deparaffinized and rehydrated sections were incubated for 30 min
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at room temperature with primary antibodies, washed, and incu-
bated for 30 min with a Multilink kit (Biosys) for polyclonal anti-
bodies and an ABC Vector kit (Biosys) for monoclonal antibodies.
After washing, the alkaline phosphatase/anti-alkaline phosphatase
complexes (Dako) were added. Fast Red™ substrate system (Dako),
gave a red precipitate on positive cells. Slides were counterstained
with aqueous hematoxylin and mounted with Immunomount
(Shandon). Negative controls were obtained by replacing primary
antibodies with either mouse IgG1 or an irrelevant antibody.

Transacetylase and acetylhydrolase activities
To measure enzymatic activities, the samples of the arteries

were homogenized at 4°C in 400 ml of a homogenizing buffer
(50 mM Tris, pH 8, 10 mM CHAPS, 2 mM EGTA and EDTA,
1 mg/ml leupeptin, and 1 mg/ml antipain) using sonication.
The homogenate was centrifuged (12,000 rpm for 2 min at 4°C).
Supernatants contained the PAF-AH activity. The activity was also
measured in the supernatant of a further centrifugation (100,000 g
for 1 h) in two patients. PAF-AH activity (84% and 91%) was recov-
ered in the supernatant of the second centrifugation.

Both activities were measured under the incubation conditions
described in (27). Transacetylase assay was performed by incu-
bating 100 ml of the supernatant in 10 mM Tris 1 0.05% EDTA,
pH 7.4, with PAF and [14C]lyso-PC dissolved in 10 mM BSA/Tris1
2.5 mg/ml 0.05% EDTA. Reactions were performed in polypro-
pylene tubes for 60 min at 37°C. The final concentrations were
80 mM PAF, 30 mM [14C]lyso-PC (0.1 mCi), and 250 mg/ml BSA,
in a reaction mixture of 0.4 ml. The reaction was stopped by
extracting the lipids according to Bligh and Dyer (30). Total
lipids were then subjected to TLC on silica gel G plates by using
chloroform-methanol-water (65:35:6; v/v/v) as a solvent system.
Lipids were identified after brief exposure to iodine. The band
corresponding to the relative mobility (Rf) of standard PAF was
scraped off the plate and the radioactivity was measured by liquid
scintillation counting. In some experiments, the supernatants
were preincubated with 1 mM Pefablok for 30 min at 37°C.

Acetylhydrolase assay was performed by incubating 30 ml of
the supernatant in 10 mM Tris and 0.05% EDTA, pH 7.4, with
[3H-acetyl]PAF and lyso-PAF, dissolved in 10 mM BSA/Tris and
1.25 mg/ml 0.05% EDTA, in an Eppendorf polypropylene tube
for 60 min at 37°C. The final concentrations were 80 mM [3H-
acetyl]PAF (0.1 mCi), 30 mM lyso-PAF, and 250 mg/ml BSA in a
reaction mixture of 0.1 ml. The reaction was stopped in an ice
bath. Unreacted [3H-acetyl]PAF was bound to an excess of BSA
(final concentration, 16.7 mg/ml) for 10 min and precipitated
by the addition of trichloroacetic acid (final concentration, 8%
v/v) as previously described (31). The samples were then centri-
fuged in an Eppendorf centrifuge for 5 min and the [3H]acetate
released into the aqueous phase was measured by liquid scintilla-
tion counting. In some experiments, the supernatants were pre-
incubated with 1 mM Pefablok for 30 min at 37°C.

Extraction and quantification of PAF bioactivity: an
estimate of lyso-PAF accumulation

The remaining samples were subjected to extraction with
chlorofom-methanol-water (1:1:0.9; v/v/v) (30) and brought to
dryness under a nitrogen stream. Samples containing lipids and
PAF were kept at 220°C for further purification and analysis.

Samples containing crude lipid extracts were subjected to TLC
on silica gel G plates and developed in a mixture of chloroform-
methanol-water (65:35:6; v/v/v) as mobile phase. The bands cor-
responding to the Rf of synthetic standard PAF were scraped off,
extracted, and dried. The samples containing lipids with the Rf
of PAF were redissolved in a small volume of ethanol (60%, v/v)
for quantitation of PAF bioactivity by the thromboxane A2- and
ADP-independent aggregation of washed rabbit platelets, as pre-

viously described (32). The aggregating activity of the samples
was measured over the linear portion of the calibration curve
established with 0.5 to 20 pg synthetic PAF C16:0. Aggregation
was characterized as PAF-like by its inhibition by the specific PAF
receptor antagonist BN 52021 and its resistance in the treatment of
lipase from Rhizopus arrhizus, as described previously (33). The re-
sults are expressed as equivalent pmol of PAF per mg of wet tissue.

To estimate the lyso-PAF accumulation, the TLC bands corre-
sponding to the Rf of standard lyso-PC were scraped off the plate
and extracted according to Bligh and Dyer (30). Dry samples
containing lipids with the Rf of lyso-PC were dissolved in 200 ml
pyridine and chemically acetylated to PAF with 200 ml acetic
anhydride (34). The lyso-PAF was quantified as C16:0 PAF equiva-
lents using the bioassay, as described above.

Characterization of the molecular species responsible
for the PAF bioactivity: molecular characterization of
C16:0 lyso-PAF

The dry residues containing PAF bioactivity were suspended
in 50 ml of methanol before separation of the molecular species
of PAF on a reverse-phase Spherisorb C6 column (Waters). The
HPLC mobile phase consisted of 55% methanol-ammonium
acetate (10 mM) (1:3; v/v) and 45% acetonitrile, and the flow
rate was 1 ml/min. The retention times of PAF-like molecules
were determined using 3H-labeled lyso-PAF, 3H-labeled C16:0
or C18:0 PAF, with their radiolabeled ester and ether analogs
used as standards. Fractions were collected; part of each fraction
was extracted with chloroform, dried, and assayed for PAF bio-
logical activity. The remaining part was extracted with chlorofom-
methanol-water (1:1:0.9; v/v/v) added with 40 ml formic acid and
was further analyzed by electrospray ionization mass spectrom-
etry (ESI-MS) (Plotform LS, Micromass, UK). The curtain gas
flow was 4.5 l/min nitrogen. PLs were introduced into the mass
spectrometer by flow injection analysis (FIA). FIA solvent con-
sisted of methanol-ammonium acetate (10 mM) (70:30). PLs sus-
pended in FIA solvent were injected at a rate of 50 ml/min. The
orifice potential was maintained at 75 V, and the electrospray
ionization potential at 13.5 kV for detection of positive ions.

For the molecular characterization of C16:0 lyso-PAF, dry resi-
dues containing the lipids of the TLC bands corresponding to
the Rf of standard lyso-PC were subjected to reverse-phase HPLC,
as described above. Fractions corresponding to the retention time
of C16:0 lyso-PAF were extracted and analyzed by ESI-MS, exactly
as was done for PAF molecular characterization.

In two patients, lyso-PAF was assayed by the routine assay
described above but was also assayed in the reverse-phase HPLC
fraction with the retention time of C16:0 lyso-PAF, by the washed
rabbit platelet bioassay after acetylation.

Statistical analysis
Results are expressed as mean6 SE of the individual specimen

measurements. Values of P, 0.05 were considered statistically sig-
nificant. Studentʼs t -test for dependent variables and the nonpara-
metric Mann-Whitney U test for non-Gaussian distributions tests
were used, when appropriate, for comparison between groups,
and Pearson correlation coefficient was used for correlation analysis.
Statistical analysis was done using Statistica 4.3 for Windows.

RESULTS

Immunohistochemical analysis of aortas and internal
mammary arteries

The aim of this study was twofold: a) to investigate both
PAF acetylhydrolase and transacetylase activities of PAF-AH
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in human atherosclerotic and nonatherosclerotic arteries
and b) to determine whether these activities were corre-
lated with the accumulation of lyso-PAF and PAF formation,
leading to progression of atherosclerosis. For this purpose,
full-thickness resections of aortas and internal mammary
arteries were obtained from patients undergoing bypass
surgery. Specimens were subjected to immunohistochemical
analysis, and only those composed of well-defined intima,
media, and adventitia layers were characterized as intact
vessels. All internal mammary specimens studied showed a
healthy intima without inflammatory infiltrate, with only a
few scattered monocytes located close to the lumen and
adjacent to endothelial cells (data not shown). In contrast,
an intimal hyperplasia was observed in 20 out of 28 aortic
specimens, and initial lesions with intimal fibrosis in 8 out
of 28 patients; thus, all specimens were classified as ini-
tial atherosclerotic lesions. Representative results of the
immunohistochemical analysis of aortas are presented in
Fig. 1 and of mammary arteries in Fig. 2. Fatty streaks
with thickened intima and macrophage foam cell accumu-
lation without lymphocytes were observed in 20 out of
28 arteries (Fig. 1A, B). Monocyte-macrophages in the sub-
endothelium and foam cells within the fatty streak ex-
pressed diffuse and heterogeneous cytoplasmic staining
with PAF-AH (Fig. 1C). SMCs located in the media were
strongly stained with the monoclonal antibodies against
PAF-AH (Fig. 1D). Monocytes located in the lumen and
adjacent to endothelial cells, as well as macrophages, were
strongly stained with the monoclonal antibodies directed

against PAF-R (Fig. 1E). The signal was also located in
the cytoplasm of a few SMCs, and the extracellular matrix
was negative (Fig. 1F). An important finding of the pres-
ent work was the expression of PAF-AH in the media of
healthy internal mammary arteries (Fig. 2A). A weak ex-
pression of PAF-R was also observed in the media of mam-
mary arteries (Fig. 2B).

Measurement of enzymatic PAF acetylhydrolase and
transacetylase activities in aortas and mammary arteries

PAF acetylhydrolase and transacetylase activities were
detected in the lysates of aortas and mammary arteries
(Table 1). Both PAF acetylhydrolase and transacetylase
activities were significantly higher in aortas than in mam-
mary arteries and were inhibited by low doses (1 mM) of
the serine esterase inhibitor Pefablok. In aortas, the trans-
acetylase activity was slightly higher than the acetylhydrolase
activity; however, this difference did not reach statistical sig-
nificance. In internal mammary arteries, the transacetylase
activity was significantly lower than the acetylhydrolase
activity (Table 1).

Measurement of PAF bioactivity and lyso-PAF
accumulation in aortas and mammary arteries

PAF bioactivity in the arterial specimens was extracted,
purified, and quantified by the washed rabbit platelet
bioassay. Lyso-PAF accumulation in the arteries was esti-
mated after TLC purification and chemical acetylation as
C16:0 PAF equivalents (see Materials and Methods). Both

Fig. 1. Immunohistochemical analysis of athero-
genic aortas. A: CD68 expression in macrophages
located in the intima; original magnification 3 200.
B: Staining with anti-CD3 showing the absence of
T cells and serving as a blank; original magnification
3 200. C: PAF-acetylhydrolase (PAF-AH) cytoplasmic
expression in macrophages; original magnification
3 200. D: PAF-AH expression in smooth muscle cells
(SMCs); original magnification 3 400. E: PAF recep-
tor (PAF-R) expression in monocyte-macrophages in
the intima; original magnification 3 200. F: PAF-R ex-
pression in SMCs; original magnification 3 400.
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aortas and mammary arteries of the patients showed com-
parable amounts of PAF bioactivity; however, a large vari-
ability was observed in aortas (Table 2). For instance, the
amount of PAF was less than 10 pg/mg tissue in 56% of
aortas and in 53% of mammary arteries and was 50 to
200 times higher in aortas of only a few patients (Fig. 3A).
Lyso-PAF accumulation showed a distribution pattern simi-
lar to that of PAF-bioactivity (Fig. 3B); however, it was sta-
tistically higher in aortas as compared with the internal
mammary arteries (Table 2). A positive correlation was
detected solely between the transacetylase activity and
lyso-PAF accumulation in the specimens (Pearson coeffi-
cient, 0.66; P , 0.001) (Fig. 4).

Molecular characterization of the PAF bioactivity and
lyso-PAF accumulation

The TLC-purified PAF-like bioactivity found in aortas
was analyzed by reverse-phase HPLC. Fractions were col-
lected, and the C16:0 PAF equivalents were measured in
each fraction by the bioassay. The retention times of dif-
ferent PAF analogs are indicated by arrows (Fig. 5A). After
elution from the reverse-phase column, 60–70% of the
bioactivity injected was recovered at the retention time
of bioactive PAF analogs (Fig. 5A). A substantial amount
of bioactivity (60%) was recovered from the reverse-phase
HPLC with the retention time of C16:0 PAF. Moreover, as

much as 40% of bioactivity was recovered from the reverse-
phase HPLC column with the retention time of butanoyl-
PAF (Fig. 5A). Moreover, the TLC band with the Rf of
lyso-PLs of the aortas was analyzed by reverse-phase HPLC,
and the lipids with the retention time of C16:0 lyso-PAF
(Fig. 5A) were extracted and assayed for lyso-PAF by the
bioassay, as described above.

ESI-MS analysis in the positive-ion mode of the biologi-
cally active material that was recovered from the reverse-
phase HPLC column is shown in Fig. 5B–D. The MS of
the molecular species with the retention time of C16:0
PAF revealed a major diagnostic ion at m/z 524–525 corre-
sponding to the protonated molecule of C16:0 PAF (Fig. 5B).

ESI-MS analysis of the biologically active material that
was recovered from the reverse-phase HPLC column with
the retention time of butanoyl-PAF is shown in Fig. 5C. The
MS revealed a major ion at m/z 552, which corresponds
to the [M1H]1 of C16:0 butanoyl-PAF. ESI-MS analysis of
the lipids corresponding to the retention time of C16:0
lyso-PAF is shown in Fig. 5D. The MS revealed a diagnostic
ion at m/z 484, which corresponds to the [M1H]1 of C16:0
lyso-PAF. Moreover, lyso-PAF quantified, after acetylation,
by the bioassay in the fraction with the retention time of
C16:0 lyso-PAF was 80% of that measured by the routine
assay in the TLC fraction with the Rf of lyso-PC in the
same patient.

The diagnostic ions observed in ESI-MS, and the reten-
tion time upon reverse-phase HPLC separation, allow us to
suggest that C16:0 PAF and its butanoyl analog may be theTABLE 1. PAF acetylhydrolase and transacetylase activities in aortic

and mammary arteries

AH Activity
AH Activity
plus Pefablok TA Activity

TA Activity
plus Pefablok

pmol/min/mg tissue

Aorta 2.8 6 0.5 0.3 6 0.1 3.3 6 0.7 0.5 6 0.3
Mammary artery 1.4 6 0.3a 0.1 6 0.1 0.8 6 0.2b 0.2 6 0.1

AH, acetylhydrolase; PAF, platelet-activating factor; TA, transacetylase.
Results are given as mean 6 SE (n 5 38).

a P , 0.004 as compared with AH of aorta.
b P , 0.03 as compared with AH of mammary artery, t -test for

dependent samples.

Fig. 2. Immunohistochemical analysis of nonath-
erogenic mammary arteries. A: Strong expression
of PAF-AH in the media; original magnification 3
400. B: Weak expression of PAF-R in the media; orig-
inal magnification 3 400. C: Staining with anti-CD68
showing the absence of macrophages and serving as
a blank; original magnification 3 200.

TABLE 2. PAF and lyso-PAF in aortic and mammary arteries

PAF Lyso-PAF

pg/mg tissue

Aortic arteries 135 6 65 928 6 475
Mammary arteries 21 6 5 110 6 72a

Results are given as mean 6 SE (n 5 34).
a P , 0.02, nonparametric Mann Whitney U test.
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PAF analogs responsible for the PAF-like bioactivity in the
diseased aortas. Moreover, C16:0 lyso-PAF was the molecu-
lar species primarily responsible for the estimate of lyso-
PAF accumulation observed in aortas. The formation of
other lyso-PAF analogs in aorta cannot be excluded and
needs further investigation.

DISCUSSION

In the present study, we show that several elements of
the PAF system are potentially involved in the physio-

pathology of the human arterial wall. These factors are:
a) formation of PAF, b) accumulation of lyso-PAF, c) PAF-
AH and PAF-R expression, and d) PAF acetylhydrolase and
transacetylase activities. The paired design of this study, in
which aortas with atherosclerotic lesions and internal
mammary arteries free of lesions from the same patients
were used, provided appropriate specimens for investigat-
ing the contribution of PAF acetylhydrolase and trans-
acetylase activities in the progression of atherosclerosis.

The immunohistochemical analysis confirmed PAF-AH
expression in the arteries, as has already been shown in hu-
man aortic intima obtained from autopsies with several
types of atherosclerotic lesions (35). In the present study,
we also detected the expression of PAF-AH in the media of
aortas and, importantly, in the media of the mammary
arteries. Although the observed PAF-AH expression was
higher in the aortic lesions than in the mammary arteries,
the above finding challenges the strictly pro-atherogenic
role of this enzyme in the arterial wall.

The biological actions of PAF are mediated by a spe-
cific cell-surface seven-transmembrane domain receptor,
PAF-R, which couples to G-proteins (3, 4). Thus, we inves-
tigated the expression of PAF-R in all arterial specimens.
The expression of PAF-R was observed in both the diseased
aortic intima and the media. The above results are in ac-
cordance with our earlier study on human carotid plaque
tissue (36), where we showed that the dedifferentiated
SMCs were positive for PAF-R. The expression of PAF-R
may be important for the migration of SMCs from the ar-
terial media into the intima. Such migration in the context
of PAF has been suggested in the development of human

Fig. 3. A: Bar graph showing the distribution of PAF bioactivity in arteries of patients. B: Bar graph showing
the distribution of lyso-PAF in arteries of patients.

Fig. 4. Correlation between transacetylase activity and lyso-PAF in
human arteries. The 95% confidence interval is shown by the dashed
line. Transacetylase activity was expressed in pmol/min/mg of tissue
and lyso-PAF in pg/mg tissue. r, Pearson correlation coefficient.
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Fig. 5. A: Graphs show the PAF bioactivity in each HPLC fraction of aortic samples; arrows indicate the retention times of synthetic radio-
labeled standards. B: PAF bioactive material, which was recovered from reverse-phase HPLC with the retention time of C16:0 PAF, was
dissolved in methanol-ammonium acetate (10 mM; 70:30), introduced into the mass spectrometry ion source, and analyzed by positive-
ion flow injection electrospray ionization mass spectrometry (ESI-MS). C: PAF bioactive material, which was recovered from reverse-phase
HPLC with the retention time of butanoyl-PAF, was dissolved in methanol-ammonium acetate (10 mM; 70:30), introduced into the mass
spectrometry ion source, and analyzed by the positive-ion flow injection ESI-MS. D: Lipids extracted from the reverse-phase HPLC fraction
with the retention time of lyso-PAF were dissolved in methanol-ammonium acetate (10 mM; 70:30), introduced into the mass spectrometry
ion source, and analyzed by positive-ion flow injection ESI-MS.
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atherosclerotic lesions (37). The functionality of PAF-R in
the media of mammary arteries is less clear.

In agreement with the immunohistochemical analysis,
PAF acetylhydrolase activity was detected in aortas and
mammary arteries. In rabbit, PAF acetylhydrolase activity
was measured in atherosclerotic arteries and was found
to be higher than in healthy control arteries (35). In the
present study with human aortas, PAFacetylhydrolase ac-
tivity was equally higher than the activity in the internal
mammary arteries. Two studies (26, 27) have shown that
PAF-AH is responsible not only for acetylhydrolase activity
but also for transacetylase activity. The latter is able to
transfer short-chain fatty acids from PAF and its close
ether- and ester-linked analogs to ether/ester-linked lyso-
PLs. The transacetylase activity was described in LDL
particles and may be considered as an enzymatic route
for extracellular PAF formation (27). Interestingly, in the
present study, we detected transacetylase activity in the ar-
teries. In diseased aortas, the transacetylase activity was
slightly higher than the acetylhydrolase activity; however,
this difference did not reach statistical significance. In
contrast, in internal mammary arteries, the transacetylase
activity was significantly lower than the acetylhydrolase ac-
tivity. The above results suggest that transacetylase activity
may play a pro-atherogenic role in the arteries.

In the arterial wall, the enzyme PAF-AH is the main
source of these activities, as suggested by: a) the enzymatic
assay with EDTA and without Ca21 in the incubation mix-
ture, b) PL as the donor of acetate, and c) the inhibition of
both acetylhydrolase and transacetylase activities by low
doses of Pefablok. The results of the present study also
demonstrate that PAF bioactivity is detectable in the lipid
extracts of the arteries. PAF was detected in two other ear-
lier studies using human arteries: the first, in the endarter-
ectomy samples taken from coronary arteries with severe
atherosclerosis (38); and the second, in the endarterec-
tomy specimens of carotid plaques (39). In most patients
in our study, the amount of PAF detected in aortas was
comparable to that detected in the mammary arteries.
The higher level of PAF reported in Table 2 for the aortas
was the result of high PAF bioactivity, detected in the aortas
of six patients. The PAF levels in the diseased samples in
the study ofMueller et al. (38) also showed a high variability,
and no statistically significant difference was seen between
PAF levels in arteries with severe atherosclerosis and the
control healthy arteries. Thus, the results of the present
study, together with those of Mueller et al. (38), suggest that
PAF bioactivity accumulates in the lesions of some patients.

The molecular characterization of PAF by MS in aorta
showed that C16:0 PAF was the main component; this
molecular species of PAF is the most bioactive member of
PAF family. Additionally, an sn -2 C4 analog of PAF, C16:0
butanoyl-PAF, was also present in the diseased aorta. In
oxidizedLDL, theC16:0 PAF and its sn-2 C4 analogs (butanoyl-
and butenoyl-PAF) are the main components of PAF bio-
activity (6, 40). The sn-2 C4 analogs of PAF are the products
of free radical peroxidation of arachidonoyl-PC (6, 40). In
C16:0 PAF, its formation is due, in addition to peroxida-
tion, to the enzymatic activity of the PAF transacetylase (6).

Oxidatively modified phosphatidylcholine, upon hydro-
lysis by PAF-AH, generates lyso-PC (41, 19). The arterial
wall also contains other types of secreted PLA2 that may
play a role in this process (42–44). Group II secretory
PLA2 is highly expressed in SMCs, in both normal and
atherosclerotic arteries (42), as well as the PLA2GX that
is also present in macrophages and foam cells (44); thus,
these activities may account for the accumulation of C16:0
lyso-PAF in the arteries observed in the present study.
Lyso-PAF is a precursor and a degradation product of in-
tracellular (9) and extracellular PAF metabolism (6, 27). At
least some of the proinflammatory effects of oxidized
LDL are mediated by lyso-PC (45, 46). The oxidative stress
exerted, together with the recruitment and activation of
pro-inflammatory cells in the media of atherosclerotic ar-
teries, may explain the higher accumulation of lyso-PAF in
the aortas. The positive correlation between transacetylase
activity and lyso-PAF accumulation in the arteries may be
explained by the presence of high amounts of lyso-PAF
and the conditions in which transacetylase activity is fa-
vored and acetylhydrolase activity is inhibited (27). The
noncorrelation between PAF formation and transacetylase
activity, as well as that between lyso-PAF accumulation and
acetylhydrolase activity, respectively, strongly suggests that
other enzymes of the tissue, including PLA2 (42–44) and
intracellular lyso-PAF acetyl-CoA acetyltransferases (9, 47),
are also responsible for the formation of PAF and lyso-PAF.

Diffusion of LDL particles and their oxidative modifica-
tion play an important role in vascular physiopathology
(45, 48). Oxidized LDL is present in atherosclerotic lesions
in vivo (48) and plays an important role in the pathogen-
esis of atherosclerosis (45). Moreover, oxidative modification
of LDL, monocyte migration into the vessel wall, subsequent
macrophage activation, and foam cell formation are key
events in the pathogenesis of atherosclerosis (7, 45). Several
characteristics of the PAF system described in the present
study regarding human arteries express similarities with
the characteristics of the PAF system in LDL. LDL is the
main transporter of PAF-AH in human plasma (16) The
LDL-associated PAF-AH possesses both acetylhydrolase and
transacetylase activities (27), and upon LDL oxidation, PAF
bioactivity and lyso-PAF accumulation are observed in LDL
particles (19, 21, 40). C16:0 PAF and its sn -2 C4 analogs are
the molecules responsible for PAF bioactivity in oxidized
LDL (40, 6). Moreover, monocyte migration into the vessel
wall, subsequent macrophage activation, and foam cell for-
mation are also key events in the pathophysiology of the
arterial wall (45, 48). Macrophages secrete PAF-AH activity
in cell culture (49, 50), and PAF-AH is expressed by macro-
phages in human arterial lesions (35). Thus, LDL deposi-
tion and oxidation, monocyte recruitment and diffusion,
macrophage activation, as well as SMCs of contractile phe-
notype are the factors assigning to the PAF system its
main characteristics in the arterial wall (7).

As mentioned earlier (10), the question of the pro- or
anti-atherogenic role of PAF-AH is still open. The in vivo
results of the present study could suggest a dual role for
PAF-AH. The nonatherogenic properties of mammary ar-
teries may in part be due to low PAF formation regulated
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by PAF-acetylhydrolase activity. Regulated PAF formation
may play an anti-atherogenic role via macrophage activa-
tion. This activation can then remove LDL oxidation and
degradation products. In the diseased arterial intima of
aortas, under oxidative stress and lyso-PAF accumulation,
an imbalance between acetylhydrolase and transacetylase
activity may contribute to unregulated PAF formation and
to the progression of atherosclerosis.
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