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Abstract Lysophosphatidylcholine is an abundant component
of plasma and oxidized LDL that displays several biological
activities, some of which may occur through the platelet-activating
factor (PAF) receptor. We find that commercial lysophospha-
tidylcholine, its alkyl homolog (lyso-PAF), and PAF all induce
inflammation in a murine model of pleurisy. Hydrolysis of PAF
to lyso-PAF by recombinant PAF acetylhydrolase abolished this
eosinophilic infiltration, implying that lyso-PAF should not
have displayed inflammatory activity. Saponification of lyso-
PAF or PAF acetylhydrolase treatment of lyso-PAF or lysophos-
phatidylcholine abolished activity; neither lysolipid should con-
tain susceptible 

 

sn

 

-2 residues, suggesting contaminants account
for the bioactivity. Lyso-PAF and to a lesser extent lysophos-
phatidylcholine stimulated Ca

 

2

 

�

 

 accumulation in 293 cells sta-
bly transfected with the human PAF receptor, and this was in-
hibited by specific PAF receptor antagonists. Again, treatment of
lyso-PAF or lysophosphatidylcholine with recombinant PAF
acetylhydrolase, a nonselective phospholipase A

 

2

 

, or saponifi-
cation of lyso-PAF destroyed the PAF-like activity, a result in-
compatible with lyso-PAF or lysophosphatidylcholine being the
actual agonist.  We conclude that neither lyso-PAF nor lyso-
phosphatidylcholine is a PAF receptor agonist, nor are they in-
flammatory by themselves. We suggest that PAF or a PAF-like
mimetic accounts for inflammatory effects of lysophospha-
tidylcholine and lyso-PAF.

 

—Marathe, G. K., A. R. Silva, H. C.
de Castro Faria Neto, L. W. Tjoelker, S. M. Prescott, G. A. Zim-
merman, and T. M. McIntyre.
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Lysophosphatidylcholine is an abundant plasma com-
ponent. Independent methods of analysis place the value
in normal blood between 140 to 150 

 

�

 

M (1, 2), and it ac-
cumulates to millimolar levels in hyperlipidemic subjects
(3). Most of the circulating lysophosphatidylcholine is
likely bound to albumin, but some is associated with lipo-
protein particles, where it comprises 1% to 5% of the total
phosphatidylcholine content of LDL particles. Oxidation
and fragmentation of the polyunsaturated 

 

sn

 

-2 fatty acyl
residues of phosphatidylcholine, followed by the hydrolysis
of the shortened fatty acyl residues by LDL-associated

 

platelet-activating factor (PAF) acetylhydrolase (4, 5), also
increase the content of lysophosphatidylcholine during
the oxidative modification of LDL that accompanies their
conversion to atherogenic particles (6).

Lysophosphatidylcholines activate a wide range of cell
types and events in the vascular system, and therefore un-
derstanding its actions is relevant to a host of immunologic
and inflammatory events. For instance, lysophosphatidyl-
choline induces cytokine synthesis and migration of lym-
phoid cells (7–9) and monocytes (10–12), and it is a
chemoattractant for arterial smooth muscle cells (13). It
stimulates growth factor expression by endothelial cells
(14, 15) and it induces inflammation and leukocyte accumu-
lation after intracutaneous injection (16). The mechanism
by which any of these events occur is undiscovered as lyso-
phosphatidylcholine does not act through the newly discov-
ered lysophosphatidic acid or sphingosine 1-phosphate
endothelial differentiation gene (

 

edg

 

) receptors (17). Also,
lysophosphatidylcholine is a poor ligand (18) for the only
other known receptor for phospholipids, the PAF receptor.

The single PAF receptor (19) recognizes PAF (1-

 

O

 

-alkyl-
2-acetoyl-

 

sn-

 

glycero-3-phosphocholine) by the choline head
group, the short 

 

sn-

 

2 residue, and the 

 

sn

 

-1 ether bond (20,
21). The potency of PAF differs markedly among cells
that contain the PAF receptor, and indeed its discrimin-
ation among related phospholipids depends on the cell
type (22, 23). This variation in sensitivity is potentially
relevant as such cell-specific effects could alter the low
affinity of the PAF receptor for lysophosphatidylcholine
and thereby allow the PAF receptor to act as a lysophos-
phatidylcholine receptor in some cells. In fact, Ca

 

2

 

�

 

 sig-
naling (24) and phospholipase D activation (25) in mac-

 

Abbreviations: 

 

edg

 

, endothelial differentiation gene; hPAFR293,
293 cells stably transfected with the human PAF receptor; PAF, platelet-
activating factor.
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rophages, cytokine induction in monocytes (7), and mono-
cyte chemoattractant protein 1 production by endothelial
cells (26) are proposed to occur in just this way.

Recognition of lysophosphatidylcholine by the PAF recep-
tor may underlie in vivo events as well, because the vasore-
laxation induced by lysophosphatidylcholine in aortic rings
(27) and the edema in the microvascular circulation of
guinea pig lungs challenged with alkyl lysophosphatidylcho-
line (lyso-PAF) (28) are prevented with specific PAF receptor
antagonists. In addition, the in vivo anti-inflammatory
nature of the PAF acetylhydrolase (29) has been questioned
on the basis of a proinflammatory role for the lysophos-
phatidylcholine that this enzyme generates (30) as it hydro-
lyzes PAF and oxidatively fragmented phospholipids.

One feature of lysophosphatidylcholine stimulation in
many assay systems is the need for high concentrations
compared with other lipid mediators where, typically, lyso-
phosphatidylcholine at 10

 

�

 

5

 

 to 10

 

�

 

4

 

 M is required for a
full effect. In the course of pursuing the identity of biolog-
ically active phospholipids derived from the oxidation of
synthetic phosphatidylcholines (31, 32), we found that
commercially available sources of lysophosphatidylcholine
contained potent inflammatory mediators. Here we show
that commercial preparations of lysophosphatidylcholine
and lyso-PAF contain material that activates leukocytes
through their PAF receptors and activates 293 cells trans-
fected with the PAF receptor. However, this activity was
susceptible to maneuvers that remove 

 

sn

 

-2 residues—
maneuvers that cannot by definition affect the structure
of lysophosphatidylcholines. This information means that
neither lysophosphatidylcholine nor lyso-PAF signals through
the PAF receptor. It also means that some actions ascribed
to lysophosphatidylcholines result from contaminants
that do interact with the PAF receptor to initiate its Ca

 

2

 

�

 

signaling functions.

MATERIALS AND METHODS

 

Materials

 

Tissue culture-grade chemicals were from Whittaker Bioproducts
(Walkersville, MD) and tissue culture dishes were from Falcon
Labware (Lincoln Park, NJ). Fetal bovine serum was from Hy-
Clone (Logan, UT), and human albumin was from Baxter Health
Care (Glendale, CA). The PAF receptor antagonist BN52021
was purchased from Biomol (Plymouth Meeting, PA). A second
PAF receptor antagonist, WEB 2086, was a generous gift from
Boehringer Ingelheim Pharmaceuticals (Ridgefield, CT). Phos-
pholipase A

 

2

 

 (bee venom) was from Sigma (St. Louis, MO). PAF
was obtained from Biomol. 1-

 

O

 

-Hexadecyl-

 

sn

 

-glycero-3-phospho-
choline (lyso-PAF) and its acyl analogs 1-palmitoyl-

 

sn

 

-glycero-3-
phosphocholine and 1-stearoyl-

 

sn

 

-glycero-3-phosphocholine were
from Sigma, Avanti Polar Lipids (Alabaster, AL), Biomol, or Cal-
Biochem (San Diego, CA) as stated in the figures.

 

Lipid structural analysis

 

PAF, lyso-PAF, or lysophosphatidylcholine (5 to 10 

 

�

 

g) was
treated with 8 

 

�

 

g of recombinant human PAF acetylhydrolase in
a total volume of 0.1 ml of Hanks’ balanced salt solution contain-
ing 0.5% human serum albumin (HBSS/A) for 1 h at 37

 

�

 

C.
When the lipids were to be used ex vivo, no further purification

steps were performed. For animal experiments, the remaining
lipid was re-extracted into chloroform according to the proce-
dure of Bligh and Dyer (33), the solvent was removed with a
stream of N

 

2

 

, and the material was dissolved in HBSS/A. Recov-
ery is nearly quantitative as saponification of PAF, extraction,
and reacetylation result in quantitative recovery of bioactivity
(not shown). When the recovered material was to be used in the
animal model described below, the recovered material was tested
with 293 cells stably transfected with the human PAF receptor
(hPAFR293 cells) for PAF-like activity to ensure complete loss of
PAF-like activity. Treatment of these three lipids with bee venom
phospholipase A

 

2

 

 (10 

 

�

 

g) was carried out in a similar fashion
before the resulting products were repurified by extraction into
chloroform, except that this incubation also contained 10 mM
Ca

 

2

 

�

 

. The presence of inappropriate ester residues in the prepa-
rations of lyso-PAF was investigated by a chemical procedure in
which commercial lyso-PAF, or PAF as a positive control, was sub-
jected to saponification with 0.5 N NaOH in methanol for 4 h at
24

 

�

 

C. This material was carefully brought to pH 7.4 with 0.5 M
HCl before use. We have previously shown (31) that PAF (or its
acyl analog) saponified in this way did not induce Ca

 

2

 

�

 

 accumu-
lation in hPAFR293 cells. Conversely, these experiments showed
that reacetylation of saponified PAF resulted in complete recov-
ery of activity in the hPAFR293 bioassay.

 

Measurement of intracellular Ca

 

2

 

�

 

 fluxes

 

Human polymorphonuclear leukocytes were freshly isolated
just before use as described (34). Subconfluent hPAFR293 cells
were treated with Versene (ethylenediaminetetraacetic acid
tetrasodium salt, Na

 

4

 

EDTA; 0.2 g/liter) (GIBCO-BRL, Gaithers-
burg, MD) and resuspended in fresh culture medium (1.0 –1.2 

 

�

 

10

 

7

 

 cells/ml). The acetoxy methyl (AM) ester of fura-2 (fura-2 AM)
was loaded into cells at 1 

 

�

 

M from a 1 mM DMSO stock, and
after incubation in the dark for 45 min at 37

 

�

 

C the cells were
washed with HBSS/A and resuspended in HBSS/A at a density
of 2.25 

 

�

 

 10

 

6

 

 cells/ml. Fluorescence of 1.5 ml of cells was mea-
sured at 37

 

�

 

C, with dual excitation at 340 and 380 nm and the
emission recorded at 510 nm (35). The response of each batch
of cells was tested with 0.1 and 1 nM authentic PAF to generate
the maximal PAF response. Mock-transfected 293 cells were pro-
cessed in the same way and their response was tested with PAF, or
with thrombin or lysophosphatidic acid as positive controls. PAF
receptor antagonists were used at a final concentration of 10 

 

�

 

M
after preincubation of the cells with these competitive antago-
nists for 20 to 30 min. hPAFR293 cells stably expressing the human
PAF receptor were isolated as described (31).

 

Murine pleurisy model

 

Swiss mice (25–30 g) from the Oswaldo Cruz breeding facility
(Instituto Oswaldo Cruz, Rio de Janeiro, Brazil) received an in-
trathoracic injection of PAF (1 

 

�

 

g/0.1 ml per cavity), lysophos-
phatidylcholine from egg yolk (lysophosphatidylcholine, 25 

 

�

 

g/
cavity), or lyso-PAF (5 or 25 

 

�

 

g/cavity). For this, the lipids were
recovered from an organic phase by drying under nitrogen and
then reconstituted in sterile saline containing 0.01% BSA. This
material was sterilized (with a 0.2 

 

�

 

m pore size 

 

�

 

-irradiated filter
unit), and the saline-BSA solution (0.1 ml/cavity) was adminis-
tered intrathoracically into naive animals. The control group was
injected with the saline-BSA vehicle alone. Lyso-PAF was sub-
jected to alkaline hydrolysis, or PAF, lyso-PAF, and lysophosphati-
dylcholine were treated with recombinant PAF acetylhydrolase
as described above. The recovered and resuspended material
was sterilized and injected into the thoracic cavities of mice. The
animals were killed 6 h after this challenge in a CO

 

2

 

 gas cham-
ber, and the thoracic cavity of each was opened and washed with
1 ml of HBSS. The pleural wash was recovered by syringe and
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samples were diluted in Turk fluid (2% acetic acid) for total
leukocyte counts in Neubauer chambers. Differential analysis
was performed in cytosmears stained by the May-Grünwald-
Giemsa method.

 

RESULTS

 

Commercial lysophosphatidylcholine
and lyso-PAF are inflammatory

 

We tested the ability of lysophosphatidylcholine and
lyso-PAF to induce an inflammatory reaction in a system
where cellular infiltrates could be quantitated (36). We
found that the intrathoracic injection of PAF, as a positive
control, induced a strong inflammatory response within 6 h,
as measured by an eosinophilic influx into this cavity (

 

Fig.
1A

 

). Treatment of this PAF with PAF acetylhydrolase, a
phospholipase A

 

2

 

 that specifically removes short or oxi-
dized 

 

sn

 

-2 residues from phospholipids (4, 5), before its
injection significantly reduced the ability of PAF to elicit
the inflammatory infiltrate. We then found that lysophos-
phatidylcholine, albeit at much higher concentrations,
also induced an inflammatory infiltrate and that the ex-
tent of this reaction was equivalent to that of PAF. Unex-
pectedly, in what should have been a negative control, we
found that PAF acetylhydrolase treatment of lysophosphati-
dylcholine also abolished the ability of lysophosphatidyl-
choline to induce an eosinophilic influx in this model.

The first issue to be resolved was whether lyso-PAF, the
presumably inactive product generated by PAF acetylhy-
drolase digestion of PAF, behaved differently than the
lysophosphatidylcholine that appeared to be proinflam-
matory. However, we found that lyso-PAF also induced an
accumulation of eosinophils after intrathoracic injection
(Fig. 1B), and was equally or slightly better than lysophos-
phatidylcholine as an agonist. But again, we found the un-
anticipated result that PAF acetylhydrolase treatment
abolished this inflammatory response. Either the PAF
acetylhydrolase was in some fashion responsible for this
result (although it alone had no effect and it was not car-
ried through the extraction of the reaction products and
so was not injected into the cavity) or it was having an
effect by removing 

 

sn

 

-2 residues that should not have been
present.

To resolve this issue we repeated this experiment, but this
time we treated the lyso-PAF with a mild base. The mild
saponification conditions we used would release any ester-
ified residues, but would spare the alkyl lysophospholipid
(not shown). We found that chemical saponification also
destroyed the in vivo inflammatory potential of lyso-PAF
(Fig. 1B). We therefore conclude that lyso-PAF itself was
not the inflammatory principle, and that an alkyl phos-
pholipid containing an 

 

sn

 

-2 ester moiety was completely
responsible for the apparent in vivo inflammatory activity
of lyso-PAF. While we could not perform the same experi-
ment with lysophosphatidylcholine, as it is susceptible to
saponification, the results with PAF acetylhydrolase suggest
that it too is contaminated with biologically active material
whose effects were evident after intrathoracic injection.

 

Commercial lysophosphatidylcholines 
activate the PAF receptor

 

We anticipated that material sensitive to PAF acetylhydro-
lase digestion in preparations of lyso-PAF and lysophos-
phatidylcholine would be recognized by the PAF receptor,
given the similarities between the substrate preferences of
the enzyme and the ligands recognized by this receptor
(21). That is, we anticipated that the proinflammatory ef-
fect of lyso-PAF and lysophosphatidylcholine preparations
resulted from activation of the PAF receptor. We tested
this postulate with hPAFR293 cells (31). In this assay, the
cells are preloaded with the Ca

 

2

 

�

 

-sensitive dye fura-2 and
changes in the fluorescence ratio sensitively probe for

Fig. 1. Contaminants in lysophosphatidylcholine and lyso-PAF
cause eosinophilia in a model of pleurisy. A: PAF acetylhydrolase
(PAF-AH) treatment abolished pleural eosinophil infiltration in-
duced by PAF (1 �g/cavity) or Avanti egg lysophosphatidylcholine
(Lyso-PC, 25 �g/cavity). Sal/A, Saline-BSA. B: Inhibitory effect of
alkaline hydrolysis and PAF acetylhydrolase treatment on eosino-
phil accumulation induced by lyso-PAF (5 �g/cavity). Each column
represents the mean � SEM of five to eight animals. * Significant
difference (P 	 0.05) compared with Sal/A group; † significant dif-
ference compared with lyso-PAF-stimulated group (B) or PAF-stim-
ulated group (A); # significant difference compared with lysophos-
phatidylcholine-injected group. 
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activation of the PAF receptor. We found (

 

Fig. 2A

 

) that
293 cells expressing the PAF receptor, and not untrans-
fected 293 cells (not shown), responded to lyso-PAF in a
concentration-dependent fashion with a transient in-

crease in fluorescence. These hPAFR293 cells also dis-
played a concentration-dependent increase in fluores-
cence in response to each of four supplier’s preparations
of lyso-PAF (Fig. 2A). It is also apparent that the concen-

Fig. 2. Lysophosphatidylcholine (lyso-PC) preparations activate the PAF receptor, resulting in intracellular Ca2� fluxes. A: Response of
hPAFR293 cells to varying concentrations of lyso-PAF from various suppliers. A transfected cell line stably expressing the human PAF recep-
tor (hPAFR293 cells) was loaded with the Ca2� dye fura-2 AM and then exposed to the stated concentrations of alkyl lysophosphatidylcho-
line from the specified suppliers. Fluorescence was monitored by dual excitation at 340 and 380 nm with emission recorded at 510 nm as de-
scribed in Materials and Methods. B: In this series of experiments, hPAFR293 cells were pre-exposed to the competitive PAF receptor
antagonist BN52021 (10 �M) before addition of a 25 �M concentration of the various preparations of lyso-PAF (shown by the first injec-
tion). The PAF receptor antagonist has sharply reduced the Ca2� fluxes caused by the stated lyso-PAF preparations. The effects of the com-
petitive PAF receptor antagonist are reversible, as the addition of a saturating amount (1 �M) of PAF (shown by the pen deflection at the
time of the second addition) overcame BN52021 inhibition of the receptor. C: Response of hPAFR293 cells to varying concentrations of acyl
lysophosphatidylcholine. Cells were exposed to mixed acyl lysophosphatidylcholines derived from egg yolk or to lysophosphatidylcholine
with a defined residue at the sn-1 position. The Ca2� transients were recorded as in (A). D: Lysophosphatidylcholine is not a PAF receptor
agonist. In this series of experiments, hPAFR293 cells were pre-exposed to the competitive PAF receptor antagonist BN52021 (10 �M) be-
fore addition of a 75 �M concentration of the various preparations of acyl lysophosphatidylcholines just as in (B). Alternatively, the lysophos-
phatidylcholine was digested with PAF acetylhydrolase as described in Material and Methods. Both maneuvers abolished the induction of a
Ca2� flux, yet the cells remained viable and responsive to an overwhelming amount of PAF added at the end of the trace (not shown).
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tration of lyso-PAF required to produce a similar level of
fluorescence differs among the various preparations de-
spite the fact that the lyso-PAF concentration of each was
standardized through phosphorus analysis (37).

We confirmed that lyso-PAF was signaling through the
PAF receptor in hPAFR293 cells by including the specific
PAF receptor antagonist BN52021 in the incubation. We
found that this specific antagonist strongly suppressed in-
duction of Ca

 

2

 

�

 

 transients by each of the lyso-PAF prepa-
rations (compare Fig. 2A with 2B). BN52021 is a competi-
tive antagonist, and we found the subsequent addition of
excess PAF overcame its inhibitory effect on the PAF re-
ceptor. A similar result was obtained with a second com-
petitive PAF receptor antagonist, WEB 2086 (not shown).

We determined whether lysophosphatidylcholine would
also activate the PAF receptor, again using hPAFR293
cells. We found that lysophosphatidylcholine derived from
egg induced a small Ca

 

2

 

�

 

 transient in these cells, as did
material with two different 

 

sn

 

-1 fatty acyl residues (Fig.
2C). This response became apparent only by 50 

 

�

 

M and
was significant by 75 

 

�

 

M. Comparison of these responses
with those of lyso-PAF (Fig. 2A) suggests the preference
for an 

 

sn

 

-1 ether bond was about 50-fold. The response in-
duced by acyl lysophosphatidylcholine was blocked by a
PAF receptor antagonist or digestion with PAF acetyl-
hydrolase (Fig. 2D). Such information normally would
suggest that lyso-PAF and to some extent lysophosphatidyl-
choline are modestly successful PAF receptor agonists as

this pair retains the selectivity for the 

 

sn

 

-2 ether bond
demonstrated by the PAF receptor (22).

 

Lysophosphatidylcholine activation of the 
PAF receptor displays inappropriate sensitivity
to phospholipase hydrolysis

 

We determined whether lyso-PAF also activated human
neutrophils, as a biological target, and found that lyso-PAF
from several sources stimulated these leukocytes (

 

Fig. 3A

 

).
The 

 

sn

 

-2 position of lyso-PAF is a free hydroxyl function,
and so is unaffected by phospholipase A

 

2

 

 or PAF acetylhy-
drolase treatment. Despite this foregone result based on
structure, we found that pretreating the various prepara-
tions of lyso-PAF with bee venom phospholipase A

 

2

 

 abol-
ished their activity (Fig. 3A). We also found that pretreat-
ment with PAF acetylhydrolase also abolished Ca

 

2

 

�

 

transients in human neutrophils (Fig. 3B). This effect was
also apparent when PAF acetylhydrolase-digested material
was used to stimulate hPAFR293 cells (Fig. 3B). These
data preclude lyso-PAF being a PAF receptor antagonist,
and it shows that lyso-PAF is not the actual agonist in in
vitro or in vivo assays of inflammation.

 

Mild saponification can be used to purify lyso-PAF

 

We determined whether mild saponification of carboxy-
late esters would reduce the PAF-like activity in a sensitive
in vitro assay as it did in our in vivo assay. We found (

 

Fig. 4

 

)
that saponification with dilute NaOH abolished leukocyte

Fig. 3. Contaminants in lyso-PAF induce PAF re-
ceptor signaling. A: Phospholipase A2 hydrolysis in-
appropriately abolishes lyso-PAF activation of the
PAF receptor. PAF (1 nM) or alkyl lysophosphatidyl-
choline (25 �M) from the stated supplier was
treated with bee venom phospholipase A2 for 1 h
before addition to fura-2-labeled leukocytes. The
increase in fluorescence was determined as in Fig. 2.
Left: No treatment. Right: Treated with phospholi-
pase A2. B: PAF acetylhydrolase digestion inappropri-
ately inactivates lyso-PAF. Lyso-PAF (25 �M) was di-
gested with recombinant human PAF acetylhydrolase
for 1 h (lower tracing) or was subjected to a mock
incubation (upper tracing) for an equal period of
time. Ca2� transients in freshly isolated human neu-
trophils (left) or hPAFR293 cells (right) in response
to the stated source of lyso-PAF were then deter-
mined as described above.
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stimulation by lyso-PAF, and greatly reduced its effects in the
more sensitive hPAFR293 cells. The conditions we used did
not affect the phosphodiester bond of the sn-3 phosphocho-
line group, as thin-layer chromatography showed the migra-
tion of the lyso-PAF to be unchanged (data not shown). Sa-
ponification carried out under more basic conditions did
generate lysosphosphatidic acid, which displays bioactivity in
its own right through various Edg receptors. With care, a sim-
ple chemical method can be used to generate lyso-PAF prep-
arations that are free of common bioactive contaminants.

DISCUSSION

We found that lyso-PAF and lysophosphatidylcholine
from several sources appeared to stimulate leukocytes
through their PAF receptors, an observation apparently
confirmed when we found that each lysolipid also stimu-
lated cells expressing the cloned human PAF receptor. In
addition, we found in a quantifiable in vivo model that
both lysolipids induced eosinophil infiltration in a murine
model of pleurisy. As would be expected from the strong
preference of the PAF receptor for an sn-1 ether bond
(22), lyso-PAF was a better agonist than its acyl analog in
each of these assays. In spite of this support for a role for
the PAF receptor in responding to alkyl and acyl lysophos-
phatidylcholines in vivo and in vitro, it became apparent
that this could not be true. By definition lysophosphatidyl-
cholines, which lack an sn-2 residue, are not susceptible to

attack by phospholipase A2 or PAF acetylhydrolase. Fur-
thermore, the alkyl isoform lyso-PAF, which lacks esteri-
fied fatty acyl functions, should not be susceptible to mild
saponification. Yet each of these maneuvers abolished leu-
kocyte stimulation, and severely attenuated the response
in the more sensitive ectopic PAF receptor expression sys-
tem. In a similar fashion, the in vivo biological activity of
acyl lysophosphatidylcholine and its alkyl homolog, lyso-
PAF, were abolished by such maneuvers. Thus our data
clearly show 1) neither lyso-PAF nor acyl lysophosphatidyl-
choline stimulates the PAF receptor; 2) neither lysophos-
phatidylcholine nor lyso-PAF by itself is inflammatory in a
murine model of pleurisy; and 3) contaminating species
account for the activity that we, and likely others, find
when using unpurified lysophospholipid preparations.

Lysophosphatidylcholine apparently is a multitalented
agonist; included in its repertoire is the ability to stimulate
lymphocytes (8, 9), monocytes (10–12), smooth muscle
cells (13, 38), and endothelial cells (14, 15). A receptor
that recognizes lysophosphatidylcholines with an appro-
priate distribution to account for its many effects has yet to
be identified, although one abstract may shed light on such
a receptor (39). Some of the effects of lysophosphatidylcho-
line and lyso-PAF might proceed through the molecularly
characterized PAF receptor (21), and monocytes (40) and
macrophages (41), but also smooth muscle cells (42), some
lymphocytes (43, 44), and perhaps some endothelial cells
(45, 46), express functional PAF receptors. Typically lyso-
phosphatidylcholines are employed at high concentrations,
ranging from �3 to 100 �M, and this may allow the pres-
ence of low levels of potent contaminants in the prepara-
tion to become manifest. Our data show that stimulation of
any cells that contain functional PAF receptors with unpuri-
fied lysophosphatidylcholine or especially lyso-PAF will
yield erroneous results where the observed effect belongs
to the PAF-like contaminants in the unpurified material.

One route to the preparation of alkyl lysophosphatidyl-
choline is saponification and hydrogenation of alkenyl lyso-
phosphatidylcholine of bovine heart, a rich source of phos-
phatidylcholines with this structure (47). We find by mass
spectrometry (not shown) that the lysolipid material as sup-
plied has not undergone a saponification process sufficient
to remove all the susceptible acyl residues because commer-
cial alkyl lysophosphatidylcholine preparations contained
residual stearoyl and palmitoyl fatty acyl residues at the sn-1
position. This would imply that sn-2 esters also would have
been incompletely removed during preparation. We sug-
gest that biological sources of the starting material either
contain traces of biosynthetic PAF, or that the polyunsatu-
rated residues that predominate at the sn-2 position of the
intact phospholipids have undergone oxidation during
their extraction and workup that leads to the formation of
fragmented phosphatidylcholines with PAF-like biological
activity (31, 48–50). These can migrate during chroma-
tography much like lysophosphatidylcholine, can be isobaric
contaminants, and—being quite potent—are exceedingly
difficult to detect at low levels in the bulk lipid preparation.

Some of the activity ascribed to lysophosphatidylcholine
appears to act through the PAF receptor because previous

Fig. 4. Mild saponification removes PAF receptor agonists in lyso-
PAF preparations. Lyso-PAF (25 �M) from the stated supplier was
saponified with 0.5 M NaOH in methanol as described in Materials
and Methods before analysis (lower tracings) or left untreated
(upper tracings). Human leukocytes (left) or hPAFR293 cells
(right) were loaded with fura-2 AM and intracellular Ca2� levels
were monitored as described above.
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work showed that in vivo vasodilatation (3, 27) and edema
(28) induced by lysophosphatidylcholines are blocked by
PAF receptor antagonists. A role for the PAF receptor in
responding to lysophosphatidylcholine is directly ad-
dressed in isolated macrophages or Chinese hamster
ovary cells ectopically expressing the human PAF recep-
tor, where the Ca2� increase induced in these cells by lyso-
phosphatidylcholine is blocked by a PAF receptor antago-
nist (24). We now see from the results presented here that
these events must result from contaminating PAF-like lip-
ids because the PAF receptor does not respond to purified
lysophosphatidylcholines.

Oxidation of LDL to modified particles is now a corner-
stone of our understanding of the early steps in athero-
genesis (51–53) and one result of the oxidation of LDL is
an increase in the content of lysophosphatidylcholine
from 1% to 5% of the total phosphatidylcholine content
to 40% to 50% of this pool (3, 54, 55). Oxidatively frag-
mented phospholipids generated in this process are sub-
strates (4, 5, 49, 56–58) for the LDL-associated (59) PAF
acetylhydrolase, which is responsible for this increase in
its hydrolysis product (30, 56, 58). Among the reported ef-
fects of lysophosphatidylcholine associated with oxidized
LDL particles is an impairment of endothelial-dependent
vasorelaxation in ex vivo arterial preparations (3, 60), as
well as antibody and cytokine production by cells of the
immune system (7). However, inhibition of vasodilation
by PAF receptor antagonists in vivo (3, 27), coupled with
the inability of lysophosphatidylcholine to activate the PAF
receptor as shown here, suggests that LDL-associated lyso-
phosphatidylcholine also is not vasoactive, at least through
the PAF receptor. This also means that the PAF acetylhy-
drolase associated with LDL and HDL containing apolipo-
protein E (59) inactivates the potent species PAF without
generating an equivalent biologically active compound.

Lysophosphatidylcholines may have a role in homeosta-
sis, but a potential role for contaminating PAF receptor
agonists in unpurified preparations of lysophosphatidyl-
choline or lyso-PAF needs to be addressed. A key result of
this work, beyond the identification of the problem, is
that a simple chemical reaction, or in the case of lysophos-
phatidylcholine phospholipase A2 treatment, can completely
remove minor, but highly potent, contaminants that may lead
to incorrect deductions in an important area of research.
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