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Abstract

Thrombin, collagen, and Ca2+-ionophore A23187 aggregate
platelets in the presence of inhibitors of the first (ADP-mediated)
and second (cyclooxygenase-dependent) pathway of platelet ac-
tivation. This aggregation, via a third pathway, was hypothesized
to be mediated by the alkoxyether lipid platelet-activating factor
(PAF). Werecently demonstrated virtual absence of plasmal-
ogen-type alkoxyether lipids and deficiency in key enzymes of
their biosynthesis in Zellweger patients. Wehypothesized that
PAF synthesis might also be impaired.

We report two Zellweger patients with an undetectable
A23187-induced PAFsynthesis of leukocytes (patients, < 3 pmol
PAF/108 granulocytes (PMN); four age-matched controls, 249-
2,757 pmol PAF/108 PMN; five adult controls, 291-5,433 pmol
PAF/108 PMN). In a third patient, residual PAF synthesis was
detected. However in all patients the thrombin-induced third
mechanism of platelet aggregation was present. We therefore
conclude that PAFmay not be the mediator of the third pathway.

Introduction

Platelet-activating factor (PAF),1 the alkoxyether lipid I-O-alkyl-
2-acetyl-sn-glyceryl-3-phosphocholine (1-3), was originally de-
scribed as a lipidlike factor originating from IgE-sensitized rabbit
basophils that induced rabbit platelet aggregation and release
(4). PAF synthesis has since been reported upon appropriate
stimulation of a large diversity of cell types, including several
animal cell systems (5-1 1), human cultured lymphoid cell lines
(12) and endothelial cells (13, 14), and human basophils (15),
neutrophils (15, 16), monocytes (15), and platelets (8, 11, 17).
Molecular heterogeneity of PAFexists, however. The rabbit ba-
sophil-derived PAF, for instance, is a 9:1 mixture of the 1-0-
octadecyl and 1-0-hexadecyl compound (18). It is presently not
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1. Abbreviations used in this paper: DHAP-AT, dihydroxyacetone phos-
phate acyltransferase; PAF, platelet-activating factor; PMN, polymor-
phonuclear leukocytes.

known whether the different cells synthesize different PAF spe-
cies.

Platelets can be aggregated by the Ca2+-ionophore A23 187,
high doses of collagen, or thrombin, in the presence of inhibitors
of both the first ADP-mediated pathway and the second cy-
clooxygenase-dependent pathway of platelet activation (19, 20).
A third mechanism of platelet activation was therefore proposed.
Because the PAF-induced aggregation of rabbit platelets was
shown to be independent of ADPand products of the cycloox-
ygenase pathway (21), it was hypothesized that PAF might be
the mediator of this third pathway (8, 9, 22). However, conflicting
results have since been reported regarding the role of ADPand
products of the cyclooxygenase pathway in PAF-induced human
platelet aggregation. ADPremoval resulted in inhibition of ir-
reversible aggregation (23-26) with no effect on the platelet re-
lease reaction (23, 24), or it completely inhibited the release (25,
26). Aspirin or indomethacin were found not to inhibit the ir-
reversible aggregation (25) and release (23), and to completely
inhibit irreversible aggregation (23-28) and release (24-27). The
role of PAFas mediator of the third pathway was also questioned
by studies in which platelets that were specifically desensitized
to PAF still demonstrated the third pathway (26, 29-32). A direct
method to study the role of PAF as the mediator of this third
pathway would be to investigate the platelet function of patients
with deficient PAF synthesis.

In 1964 Bowen et al. (33) described two patients affected by
the cerebro-hepato-renal syndrome of Zellweger. This autosomal
recessive disorder is clinically characterized by generalized severe
hypotonia, typical craniofacial dysmorphism with a high fore-
head and large fontanels, hepatomegaly, renal cysts, severe psy-
chomotor retardation, and death usually within the first year of
life. Goldfischer et al. (34) first described the absence of peroxi-
somes from the hepatocytes and renal proximal tubule cells of
Zellweger patients. This probably results in the reported distur-
bances of the metabolism of bile acids (35-37), pipecolic acid
(37-40), and very-long-chain fatty acids (41, 42) in this syn-
drome.

Dihydroxyacetone phosphate acyltransferase (DHAP-AT)
and alkyl-DHAP synthase, the key enzymes in the synthesis of
alkoxyether lipids, such as plasmalogens and PAF, were shown
to be exclusively localized in the microperoxisomes of the rat
brain and guinea pig liver (43, 44). Therefore it was proposed
that alkoxyether lipid synthesis is defective in Zellweger patients
(45). Indeed DHAP-ATand alkyl-DHAP synthase were recently
shown to be severely deficient in several tissues and cells of Zell-
weger patients (46-48). Cultured skin fibroblasts of Zellweger
patients were demonstrated to have a severely impaired plas-
malogen biosynthesis (49). Plasmalogens were nearly absent in
brain, kidney, liver, muscle, and heart tissues and severely re-
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duced in erythrocytes and fibroblasts of Zellweger patients (50,
51). In view of the reported abnormalities in the alkoxyether
lipid metabolism, as confirmed by the plasmalogen findings, we
hypothesized that Zellweger patients may also have an impaired
PAF synthesis.

In the present study we describe studies with blood cells
from three patients with the typical clinical and biochemical
features of the Zellweger syndrome. The patients demonstrated
severely impaired A23 187-induced synthesis of PAFby the leu-
kocyte but normal platelet aggregation. Weconclude that PAF
may not be the mediator of the third pathway of platelet acti-
vation.

Methods

Patients. Three patients were investigated. All patients displayed the typ-
ical clinical and biochemical characteristics of the Zellweger syndrome.
The diagnosis was confirmed biochemically by the reduced plasmalogen
content and DHAP-AT activity of fibroblasts and several tissues.

Patient 1 (S.M.) has been reported before (46, 51). She was a girl
from nonconsanguinous, healthy parents of Moroccan origin. PAF syn-
thesis and platelet functions were investigated at 23 d of age. She died
at the age of 50 d.

Patient 2 (R.Z.) was a girl from consanguinous Pakistan parents. She
was investigated by us at 29 d of age and died 3 d later.

Patient 3 (J.G.) was a girl from nonconsanguinous healthy parents
from Cape Verdi. She was investigated by us both at 58 and 62 d of age.
She died at the age of 3 mo.

The patients received the regular hospital diet according to age and
body weight and did not receive drugs known to interfere with PAF
synthesis.

Controls. Four children of similar age to the Zellweger patients and
with nonrelated diseases were also investigated. Controls 1 (a Dutch girl),
2 (an Indian boy), 3 (a Dutch boy), and 4 (a Moroccan boy) were studied
at 12, 29, 49 and 76 d of age respectively. In each investigation of the
platelet function and PAF synthesis of a Zellweger patient or an age-
matched control, an adult control was included.

Informed consent was obtained from the adult controls and parents
of all children investigated. The study was approved by the medical ethical
committee of the Academic Medical Center.

Materials. PAF, lyso-PAF, and A23187 were obtained from Calbio-
chem-Behring Corp. (La Jolla, CA), soluble bovine tendon collagen from
General Diagnostics (Morris Plains, NJ), sodium arachidonate from Bio-
Data Corp. (Hatboro, PA), bovine thrombin from Roche Diagnostica
(Basel, Switzerland), pig pancreas phospholipase A2 from Boehringer
Mannheim GmbH(Mannheim, FRG), and [3H]-PAF (l-O[alkyl-1'2'-
3H]-2-acetyl-sn-glyceryl-3-phosphorylcholine, specific activity 45 Ci/
mmol) from New England Nuclear (Boston, MA). Aspegic, the water
soluble lysine derivative of acetylsalicylic acid (aspirin), was obtained
from Laboratoire Egic (Amilly, France). ADP, human fibrinogen, creatine
phosphate, creatine phosphokinase, and essentially fatty acid free bovine
serum albumin were obtained from Sigma Chemical Co. (St. Louis, MO).

Isolation of the cells. Due to the limited amounts of blood obtainable
from these very young and severely ill patients the procedures for the
isolation of the cells had to be optimized and standardized. A single
volume of 4.2 ml blood anticoagulated with 0.8 ml acid-citrate-dextrose
(52) was centrifuged 8 min at 160g. The platelet-rich plasma was removed
and used for platelet isolation by gel filtration in the Ca2l-free Tyrode
system of Lages et al. (53). The residual erythrocyte layer was centrifuged
for 15 min at 160 g to separate lymphocytes and granulocytes (PMN)
into the buffy coat and erythrocyte layer. These layers were separately
used for the isolation of the leukocytes.

The erythrocytes were lysed by addition of 6 vol of cold 155 mM
NH4Cl, 10 mMKHCO3, 0.1 mMNa2EDTA. Subsequently the leukocytes
were pelleted by 10 min centrifugation at 240 g, once washed with cold
EDTA-Tyrode (137 mMNaCl, 2.6 mMKCl, 0.36 mMNaH2PO4, 5.5
mMglucose, 11.9 mMNaHCO3, 0.25% albumin, 0.5 mMNa2EDTA,

pH 7.35) and washed once with cold Tyrode without EDTA. The leu-
kocytes were finally resuspended in cold Tris-Tyrode (omitting NaHCO3
and EDTA, but including 10 mMTris, 2 mMCaCl2, and 1 mMMgCl2)
and stored on melting ice. Aliquots of the leukocytes of the whole blood
and the isolated leukocytes were taken for microscopical subtyping after
routine Jenner-Giemsa staining.

Platelet aggregation studies. Platelet aggregation was performed in
a dual channel aggregometer (Payton Scientific, Inc., Buffalo, NY) at
370C with a stirrer speed of 900 rpm in a final volume of 0.4 ml containing
1-2 X 108 gel-filtered platelets per ml, with (ADP-, collagen-, and PAF-
induced aggregation) or without (thrombin-induced aggregation) 1.25
mg fibrinogen per ml. The thrombin-induced aggregations were per-
formed in the absence and presence of 5 mMcreatine phosphate and
40 U creatine phosphokinase per ml, as well as 100 MMsoluble aspirin
to inhibit the first and second pathway of platelet activation respectively.
The inhibitor concentrations were sufficient to inhibit aggregation in
normal platelet-rich plasma induced by 25 MMADPand 800MMsodium
arachidonate, which were checked at the start of each investigation of a

patient or control.
The concentrations of the gel-filtered platelets of the patients, age-

matched controls, and adult controls tested simultaneously were adjusted
to comparable concentrations because this variable is known to affect
the speed and extent of platelet aggregation.

Synthesis of PAF. PAFsynthesis by the isolated leukocytes, suspended
in the Tris-Tyrode buffer (137 mMNaCl, 2.6 mMKCl, 0.36 mM
NaH2PO4, 5.5 mMglucose, 1 mMMgCl2, 2 mMCaCl2, 10 mMTris,
0.25% albumin, pH 7.35) was stimulated in the aggregometer by 10 ,M
A23187 (final volume 0.4 ml, 1 X I07 leukocytes per ml, 900 rpm, 37°C,
45 min). The reaction was stopped by the addition of 1.6 ml ethanol
and the sample was stored at -20°C. The sample was thawed, stirred
30 min at room temperature, and centrifuged 20 min at 1500 g. The
supernatant was removed and evaporated to dryness. The residue was
extracted once by addition of 1.0 ml of a 5:10:4 chloroform/methanol/
water mixture, mixing, phase separation by addition of 0.3 ml chloroform
and 0.3 ml water, and centrifugation. The water layer was extracted
twice more with 0.25 ml chloroform. The three chloroform extracts were

pooled and evaporated to dryness. The residue was dissolved in 100 M1
chloroform and submitted to thin layer chromatography (silica gel 60F
254; E. Merck, Darmstadt, FRG) with a 70:35:7 chloroform/methanol/
water mixture as running solvent (8). The components were localized
by iodine-vapour staining. PAF (Rf = 0.30) was separated from lyso-
PAF (Rf = 0.25), lO-alkyl-2-acyl-glyceryl-3-phosphorylcholine (1-alkyl-
2-acyl-GPC; Rf = 0.40), A23187 (Rf = 0.80), and arachidonic acid (Rf
= 0.95). 1-cm zones of the plates were scraped and the silica gel was

extracted six times with 80% ethanol. The combined ethanol extracts
were dried and the residue was redissolved in 100 Ml ethanol and used
for the PAF quantification.

The PAF quantification was performed by comparison of PAF-in-
duced aggregation measurements of rabbit platelets, isolated by gel fil-
tration as described above (53). Aggregations were performed in the pres-
ence of 1.25 mg fibrinogen per ml and, unless indicated otherwise, in
the absence of the inhibitors of the first and second pathway. Rabbit
platelets were used because they were found to be at least 10-fold more
sensitive to PAF than human platelets, as has been reported before (22).
The gel-filtered rabbit platelet system had a detection limit of 0.01-0.08
pmol PAF, whereas in the adult controls 25-400 pmol PAF were mea-
sured. The system was therefore considered sufficiently sensitive to detect
even low levels of PAF synthesis. The isolated leukocytes consisted of
PMNand lymphocytes. In contrast to PMN, lymphocytes do not syn-
thesize PAF (15). Therefore, PAF synthesis was expressed as pmol per
108 PMN.

PAF was characterized by Rf on thin layer chromatography, inacti-
vation by incubation with phospholipase A2 from pig pancreas (54) and
residual platelet aggregation in the presence of creatine phosphate/creatine
phosphokinase and aspirin. The identity of PAFwas confirmed by con-
version to lyso-PAF (0.03 N NaOH, 15 mmn370C, yield > 95%), chlo-
roform extraction, and reacetylation to PAF (1 part chloroform plus 5
parts acetic anhydride, 2 h, 370C, yield > 67%).
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After this work was completed we reinvestigated the time course of
the PAFsynthesis. The synthesis proved maximal after 15 min of A23187-
induced stimulation, and after 45 min 40%of the biological PAIF activity
was still present.

Results

Isolation of the cells. The overall recovery of the gel-filtered
platelets from the blood samples was similar in patients, age-
matched controls and the adult controls tested simultaneously
(range 30-50%). The results of the isolation of the leukocytes
are presented in Table I. The total recoveries of the leukocytes
from buffycoat and erythrocyte layer compared with the blood
cell count were 26-67% in the Zellweger patients, 70-86% in
the age-matched controls, and 36-90% in adult controls, re-
spectively. The isolated leukocytes were mainly PMNand lym-
phocytes. Compared with the whole blood count, the isolated
leukocytes from the erythrocyte layers were enriched in PMN
and those from the buffycoats were depleted of PMN.

Synthesis of PAF. PAF synthesis by leukocytes from one
adult control varied considerably on 13 different occasions (mean
1,629, range 325-5,433 pmol/108 PMN); also between five adult
controls a substantial variation was noticed (25 determinations,
mean 1,759, range 291-5,433 pmol PAF/108 PMN). The PAF
synthesis of the four age-matched controls was within the adult
control range. However, PAF synthesis of patients 1 and 2 was
undetectable and at least 100-fold lower than the range of the
adult controls (Table II). Patient 3, investigated at the age of 58
d, also demonstrated undetectable PAF synthesis (< 3 pmol/
108 PMN) in the rabbit platelet aggregation system routinely
used, i.e., without inhibitors of first and second pathway. When
investigated at the age of 62 d, however, PAF synthesis was de-
tectable in the routine rabbit platelet system (1 10 pmol PAF/
108 PMN)but undetectable when the inhibitors were added (< 3
pmol PAF/108 PMN) (Table H). The adult control demonstrated
similar PAF synthesis when tested in the presence and absence
of the inhibitors (610 and 541 pmol PAF/108 PMN, respectively).

These results indicate a defect in PAF biosynthesis in the
patients, but two alternative explanations cannot be excluded.
First, the PAF synthesis by the leukocytes of the Zellweger pa-
tients might have been undetectable due to an increased cellular
breakdown of PAF to 1-alkyl-2-acyl-GPC, which might have
played a role especially at a low residual level of PAF synthesis.
To investigate this possibility 10 nCi [3H]-PAF was added to
leukocytes isolated from three adult controls and patient 2, just
before the A23 187 stimulation. This amount of PAF (0.22 pmol)
was equivalent to 5.5 pmol PAF/108 leukocytes, i.e., 50-fold
lower than the control range of PAFsynthesis. In a total of eight
experiments with the leukocytes of the adult controls 43-72%
(mean 60%) of the radioactivity added as [3H]-PAF was recovered
in the PAF isolation procedure. Of this recovered radioactivity
19-49% (mean 30%) was located in the zone of the thin layer
chromatogram corresponding to PAF, next to the radioactivity
in the l-alkyl-2-acyl-GPC zone. With the leukocytes of patient
2, 73% of the radioactivity was recovered and 22% of this ra-
dioactivity was located in the PAFzone. This indicated that the
PAF recovery was normal and increased cellular breakdown of
PAF by the leukocytes of the patients unlikely, even at the low
PAF level used.

Second, an inhibitor of the PAF synthesis might have been
present in the leukocytes of the patient. To investigate the pos-
sibility that this inhibitor was excreted, mixing experiments were

Table I. Isolation of the Leukocytes

%Recovery %PMN

Ery BC WB Ery BC

Patient 1 41 (59) 26 (18) 38 (76) 64 (90) 25 (10)
Patient 2 23 (26) 10 (10) 63 (62) 75 (80) 19 (38)
Patient 3* 14 (31) 12 (17) 24 (57) 37 (88) 9 (24)
Patient 3* 46 (49) 11 (19) 33 (66) 37 (82) 1 (26)
Control 1 32(42) 39(25) 44(62) 47(79) 4(11)
Control 2 50 (71) 36 (19) 23 (68) 41 (87) 16 (26)
Control 3 45 (48) 25 (18) 44 (57) 52 (87) 8 (32)
Control 4 26 (59) 48 (17) 32 (52) 50 (74) 2 (23)

Leukocytes of patients, age-matched controls, and adult controls were
isolated from the buffycoat (BC) and erythrocyte layer (Ery) as de-
scribed in Methods. The percentage recovery of the leukocytes isolated
from the buffycoat and the erythrocyte layer are each presented rela-
tive to the initial whole blood count. Percent PMNrepresents the per-
centage granulocytes in the whole blood (WB) or in leukocytes iso-
lated from the buffycoat or the erythrocyte layer. The results obtained
with the adult controls tested simultaneously with a patient or age-
matched control are given in parentheses. Patient 3 was investigated at
58 (*) and 62 (*) d of age.

performed in which 1:1 mixtures of the leukocytes isolated from
the erythrocyte layers of adult controls with those of patients 2
and 3 (at 58 d of age) were stimulated with A23187. Intermediate
PAFsynthesis was obtained (adult control 1030, patient 2, < 3,
mixture 440 pmol PAF/108 PMN; adult control 905, patient 3,
< 3, mixture 290 pmol PAF/108 PMN). This indicates that the
presence of an extracellular inhibitor was also unlikely, but of
course does not exclude the possibility of an intracellular inhib-
itor not secreted by the leukocytes of the patients.

Platelet aggregation studies. Results of the aggregation studies

Table I. PAFSynthesis of the Leukocytes

Ery BC

Patient 1 <2 (1050) <2 (1000)
Patient 2 <3 (1030) <13 (490)
Patient 3* <3 (905) <56 (868)
Patient 3t- 110 (541) <1000(1057)
Patient 3$+ <3 (610) -

Control 1 2305 (2380) 249 (484)
Control 2 1522 (3718) 2757 (5052)
Control 3 1025 (875) 1333 (469)
Control 4 992 (1586) 1742 (2568)

Leukocytes were isolated from the erythrocyte layer (Ery) and buffy-
coat (BC) of patients, age-matched controls, and adult controls tested
simultaneously, and PAF synthesis was induced by 10 AMA23187 ac-
cording to Methods. Patient 3 was investigated at 58 (*) d and 62 ($) d
of age. PAF synthesis at 62 d of age was quantified in the absence (-)
and presence (+) of inhibitors of first and second pathway. Results are
presented as pmol PAF/108 PMN. If the PAF synthesis was undetect-
able, the lower detection limits of the assay as determined by the PAF
sensitivity of the batch of rabbit platelets and the percent granulocytes
of that particular leukocyte preparation are given. The values of the
adult controls tested simultaneously are given in parentheses.
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of the gel-filtered platelets of the three patients and the adult
controls tested simultaneously are presented in Fig. 1. Due to
the low concentration of the gel-filtered platelets of the patients
and adult controls tested simultaneously, only up to 65% max-
imal aggregation was obtained. In the absence of the inhibitors
platelets from the patients and adult controls aggregated similarly
upon stimulation by ADP, collagen, or thrombin, although pa-
tients 1 and 3 demonstrated a somewhat reduced response to
thrombin. In the presence of the inhibitors of the first and second
pathways, thrombin induced a platelet aggregation in both adult
controls and patients. This aggregation again appeared somewhat
reduced in patients 1 and 3 but was still clearly present.

Platelets from patient 2, as well as adult controls, aggregated
irreversibly with 10 nMPAF. Patient 3 was tested only at 100
nMPAF, which induced irreversible aggregation. Patient 1 was
not tested with PAF.

Discussion

In the present study the leukocytes of the normal adult controls
and the four age-matched controls demonstrated easily detectable
PAF synthesis (291-5,433 pmol/108 PMN). These data are in
close agreement with the PAF synthesis reported by Oda et al.
(55) (range 140-2,230 pmol PAF/108 PMN). Two Zellweger
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reduced, PAFsynthesis (< 3 pmol PAF/ 108 PMN)of the isolated
leukocytes. In a third Zellweger patient, evidence of some residual
PAF synthesis was obtained. However, the gel-filtered platelets
isolated from the same blood samples demonstrated normal
platelet aggregation and a normal thrombin-induced third path-
way. In our opinion this strongly suggests that PAF is not the
mediator of the third pathway.

It may be argued that the assay for PAF synthesis was sub-
optimal and might partly explain the undetectable PAFsynthesis.
Indeed PAF synthesis under our conditions proved maximal
after 15 min of leukocyte stimulation. But although the difference
in PAF synthesis between 15 and 45 min stimulation is sub-
stantial, i.e., after 45 min 40% of the maximal PAF synthesis is
present, it is insignificant in relation to the 100-fold difference
in PAF synthesis observed between the two Zellweger patients
and control subjects. Also, in each investigation of a patient an
adult control was tested simultaneously. This possibility is
therefore unlikely.

It may also be argued that a defective PAF synthesis by the
leukocyte is not indicative of a defective synthesis in the platelet.
But a general defect in the alkoxyether lipid metabolism has
been demonstrated in all tissues and cells of Zellweger patients
tested, including liver, brain, kidney, muscle, heart, leukocytes,
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Figure 1. Platelet aggregation studies. The aggregation stud-
ies of the gel-filtered platelets of patients 1-3 (p), and the

THROMBIN ( adult controls tested simultaneously (n) were performed as
described in Methods. The concentrations used were 1 AM
ADP(patients 1-3), 0.8 ug collagen per ml (patients 1, 2;
an insufficient amount of platelets was obtained from pa-

OnPn tient 3), 0.1 U thrombin per ml (patients 1, 3) or 0.05 U
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(+) of creatine phosphate/creatine phosphokinase and aspi-

Ip rin. The final concentrations of the gel-filtered platelets dur-
ing the aggregations were 1.8, 1.8, and 1.65 X 108 platelets

THROMBIN ( per ml in patients/controls 1, 2, and 3 respectively. The ag-
gregations of the platelets of the patients were similar to the
controls and the third mechanism of platelet activation, i.e.,
thrombin-induced aggregation in the presence of the inhibi-

IINUTE tors, was clearly present.
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and fibroblasts (46-51). The deficient PAF synthesis observed
with the leukocytes of the patients is therefore also likely to exist
in the platelet. Moreover, PAF synthesis by normal platelets is
extremely low. Marcus et al. (25) demonstrated 23 pmol PAF
synthesized by 2.5 ,M A23187 stimulation of platelets isolated
from 8 U of human blood, which would be equivalent to < 0.1
pmol PAF/5 X 108 platelets. Alam et al. (11), using 50 X 108
platelets and stimulated with the same A23187 concentration,
found 0.3-3.9 pmol PAF/5 X 108 platelets. PAF synthesis by
such platelet suspensions, however, may mostly be due to leu-
kocyte contamination (56). By blocking the acetyl hydrolase in-
volved in the breakdown of PAFto lyso-PAF, Touqui et al. (57)
reported thrombin-induced synthesis of 6 pmol PAFby 5 X 108
platelets, but the effect of thrombin or the blocking of the acetyl
hydrolase on contaminating leukocytes was not mentioned. In
view of the low reported PAFsynthesis by platelets, which does
not enable distinction between a reduced and a deficient syn-
thesis, the possible interference of leukocytes and the need to
use all isolated platelets (4.6-6.0 X 108 cells in the 3 patients)
for either a single platelet PAF synthesis determination or the
platelet aggregation studies presented, we decided that platelet
PAF synthesis studies were not feasible in our patients.

The Zellweger patients were from Morocco, Pakistan, and
Cape Verdi. To exclude the possibility that deficient PAF syn-
thesis might be due to regional variations instead of the Zellweger
syndrome, we investigated age-matched controls 2 and 4 from
India and Morocco respectively. In these controls a normal PAF
synthesis was found.

In studies with human PMN, 30-40% of the total PAFsyn-
thesized was reported to be released (58). Also, 60% of the PAF
added to a suspension of rabbit PMNwas reported to be con-
verted within 5 min into inactive I-alkyl-2-acyl-GPC (59). In
our experiments we measured PAF synthesis after 45 min stim-
ulation of the PMN. It might therefore be argued, that the un-
detectable PAF synthesis of the patients might in fact be due to
an increased conversion of PAF into inactive 2-acyl compounds.
However, the [3H]-PAF recovery and distribution of radioactivity
across PAFand l-alkyl-2-acyl-GPC zones of the chromatogram
of patient 2 were normal. Also the mixing experiments in patients
2 and 3 did not indicate an increased degradation of PAF. Taking
the reported abnormalities of the synthesis of the l-O-alkoxyether
lipids in the Zellweger syndrome into account (46-51), the ex-
planation of the undetectable synthesis by increased conversion
into a 2-acyl compound seems even more unlikely.

Still, some caution is necessary. In all Zellweger cells and
tissues investigated, some residual DHAP-ATand alkyl-DHAP
synthase activities were detectable (46-48), the plasmalogens
were nearly absent in most tissues but less reduced in leukocytes,
erythrocytes, and cultured fibroblasts (50, 51), and also the cul-
tured fibroblasts demonstrated residual de novo plasmalogen
biosynthesis (49). They may have microperoxisomes albeit in a
severely reduced amount (60). It can therefore not be completely
excluded that some residual PAF synthesis by the platelet, suf-
ficient to warrant the third pathway, is present in patients 1 and
2. In support of this possibility, the Zellweger patient 3 initially
demonstrated an undetectable PAFsynthesis. This defect seemed
not to be present in the blood samples collected a few days later.
On this latter occasion the PAF synthesis of this patient was
found to be detectable in the routinely used rabbit platelet ag-
gregation system, i.e., without inhibitors of first and second
pathway, but undetectable in the presence of the inhibitors. The
discrepancy may be explained by synergistic effects in the rabbit

platelet aggregation system of low, subthreshold levels of ADP
and PAF(61). Small quantities of ADPare likely to be released
or leak from the rabbit platelet suspension upon storage during
the PAF quantification. A low amount of PAF, insufficient to
cause platelet aggregation by itself, might then suffice to be de-
tected in the rabbit platelet aggregation quantification by syn-
ergism with ADP. Addition of inhibitors, however, would inhibit
this synergistic detection. In patients 1 and 2 even this amount
of PAF synthesis could then not be demonstrated.

Evidently, we cannot exclude some residual PAF synthesis,
sufficient to mediate the third pathway. Also, the results show
that two of the three patients had reduced platelet responses to
thrombin (plus inhibitors), although they had normal responses
to ADP. The results, then, might be interpreted as favoring PAF
involvement in certain aggregation responses. Particularly if
stimulus-response coupling is viewed not in an all-or-none fash-
ion, but rather as mediated by several pathways any one of which
can be ablated to produce a still partially responsive cell. Studies
comparing dose-response effects in patients and normals as well
as the effect of stimuli other than thrombin are needed before
definite conclusions can be made. On balance, however, our
data support earlier observations (26, 29-32) that PAFmay not
be the mediator of the third pathway.
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