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Abstract

Deficiency of plasma platelet-activating factor (PAF)
acetylhydrolase is an autosomal recessive syndrome that
has been associated with severe asthma in Japanese chil-
dren. Acquired deficiency has been described in several hu-
man diseases usually associated with severe inflammation.
PAF acetylhydrolase catalyzes the degradation of PAF and
related phospholipids, which have proinflammatory, aller-
gic, and prothrombotic properties. Thus, a deficiency in the
degradation of these lipids should increase the susceptibility
to inflammatory and allergic disorders. Miwa et al. reported
that PAF acetylhydrolase activity is absent in 4% of the
Japanese population, which suggests that it could be a com-
mon factor in such disorders, but the molecular basis of the
defect is unknown. We show that inherited deficiency of
PAF acetylhydrolase is the result of a point mutation in
exon 9 and that this mutation completely abolishes enzy-
matic activity. This mutation is the cause of the lack of en-
zymatic activity as expression in E. coli of a construct har-
boring the mutation results in an inactive protein. This
mutation as a heterozygous trait is present in 27% in the
Japanese population. This finding will allow rapid identifi-
cation of subjects predisposed to severe asthma and other
PAF-mediated disorders. (J. Clin. Invest. 1996. 97:2784—
2791.) Key words: phospholipase A, « Japanese population «
severe asthma » children « inflammation

Introduction

Platelet-activating factor (PAF, 1-O-alkyl-2-acetyl-sn-glycero-
3-phosphocholine)! is a biologically active phospholipid with
diverse potent biological effects (1-3). PAF has been impli-
cated as a mediator of physiological processes such as signaling
and activation of proinflammatory cells, alteration of vascular
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permeability, and stimulation of glycogen metabolism, among
many others (for review see reference 3). In addition to its role
as a physiological mediator, PAF is associated with the pathol-
ogy of several human diseases, particularly allergy and inflam-
mation, affecting the respiratory, vascular, digestive and repro-
ductive systems (4). PAF exerts its actions at concentrations as
low as 10712M (1). Its accumulation is tightly regulated at the
synthetic and degradative levels to avoid the inappropriately
high accumulation of PAF observed in many diseases.

PAF is degraded to inactive products by hydrolysis of the
acetyl group at the sn-2 position, to produce the biologically
inactive products lyso-PAF and acetate. This reaction is cata-
lyzed by PAF acetylhydrolase, a calcium-independent phos-
pholipase A, specific for hydrolysis of phospholipids contain-
ing short and/or oxidized chains at the sn-2 position of the
glycerol backbone (5-11). Intracellular and plasma PAF
acetylhydrolase activities have been described, purified and
characterized biochemically (12-15). We recently isolated a
cDNA encoding the human plasma PAF acetylhydrolase and
showed that the recombinant enzyme abolishes PAF’s patho-
logical actions (16). The predicted amino acid sequence of the
plasma form of PAF acetylhydrolase contains a Gly-Xaa-Ser-
Xaa-Gly motif characteristic of lipases and esterases (16). The
serine residue in this conserved motif is essential for activity
and it explains the ability of serine esterase inhibitors to abol-
ish enzymatic activity (16, 17). Finally, Inoue and co-workers
have purified and cloned cDNAs encoding several intracellu-
lar PAF acetylhydrolases from bovine brain (18-20).

The levels of PAF acetylhydrolase have been determined
in blood from normal human subjects and individuals with a
variety of pathological conditions (3, 4). Alterations in PAF
acetylhydrolase activity have been reported in several disease
states and can potentially contribute to the pathogenesis of
these conditions (3). For example, acquired deficiency of PAF
acetylhydrolase activity has been reported in patients with sys-
temic lupus erythematosus and asthma (21, 22), and increased
levels of PAF have been reported in children with acute asth-
matic attacks (23). In addition to these acquired deficiencies,
Miwa et al. described an inherited form of PAF acetylhydro-
lase deficiency (24). This trait is inherited in an autosomal re-
cessive fashion and has been observed only in the Japanese
population (24). Interestingly, the prevalence of this trait is
higher in children with severe asthma, suggesting that the de-
creased ability to degrade PAF allows the phospholipid to ac-
cumulate and provoke or amplify the asthmatic response.

To determine the molecular basis of inherited PAF acetyl-
hydrolase deficiency, we amplified all coding exons in the PAF
acetylhydrolase gene using DNA isolated from subjects with
normal and deficient levels of PAF acetylhydrolase activity.
We report the identification of a point mutation near the ac-



tive site of PAF acetylhydrolase that is present in Japanese
subjects with undetectable levels of plasma activity.

Methods

DNA isolation and exon amplification. Blood was drawn from adult
subjects by venipuncture and was anticoagulated with citrate. Ep-
stein-Barr virus-transformed cell lines were established for each sub-
ject tested (25). Cells for isolation of total genomic DNA were cul-
tured in RPMI 1640 medium (Cellgrow, Mediatech, Washington,
DC) supplemented with 15% fetal calf serum (Hyclone, Logan, UT).
Genomic DNA was isolated by conventional techniques (26) and
exon 9 was amplified by the polymerase chain reaction using these
genomic DNA samples as templates (27). Typically, the reactions (50
wl) contained genomic DNA (100 ng), 50 pmol of each oligonucle-
otide primer, 200 pM each of dCTP, dTTP, dGTP, and dATP, 1.5
mM MgCl,, 10 mM Tris (pH 8.3 at 20°C), 50 mM KCl, and 2 U of Taq
polymerase (Boehringer Mannheim, Indianapolis, IN). Amplifica-
tions were performed as follows: first: one cycle at 94°C for 5 min; sec-
ond: 5 cycles at 94°C (60 s), 56-60°C (60 s) and 72°C (60 s); third: 30
cycles at 94°C (30 s), 52-56°C (30 s) and 72°C (30 s); fourth: one cycle
at 72°C (5 min). Primers for amplification across exons 2-12 were as
follows (lower case lettering depicts additional primer sequence
added to generate restriction sites for cloning of PCR products):

Sense primer 2: 5'-ccggaattccgg TTTCTTGATTTGTCAGCTTA-3’
Antisense primer 2: 5'-cgcggatccgcgCAACTTCTTGGGGCCCACTTG-3’
Sense primer 3: 5'-ggggtaccccGCATAATAAAATCTGATATG-3’
Antisense primer 3: 5'-cgcggatccgcgCTTCTAGTGGTCCATAGCG-3’
Sense primer 4: 5'-ccggaattccggCGAAAATAGCTGCTGGAATA-3’
Antisense primer 4: 5'-ggggtacccc AGTTCTTGTTGTTTTCAAGG-3'
Sense primer 5: 5'-ggggtaccccGATGGGTCTGCATTTTATGC-3’
Antisense primer 5: 5’'-cgcggatccgcgGCATGACATTCCAAACTCTG-3'
Sense primer 6: 5'-ccggaattccggCAGTTTTATTAGTGACTCAG-3’
Antisense primer 6: 5'-cgcggatccgcgGACATTCCCTGTAGTTGG-3'
Sense primer 7: 5'-ggggtaccGAACTGAGAAACATGGTCAG-3’
Antisense primer 7: 5'-cgcggatccgcg TAGGAGCATAACTTGCCAGG-3'
Sense primer 8: 5'-ccggaattccggAAACTTTAAAATAAGTGTTA-3'
Antisense primer 8: 5'-cgcggatccgcgCTGTACTGCTTTGTGTGTC-3’
Sense primer 9: 5'-cgcggatccCTATAAATTTATATCATGCT-3’
Antisense primer 9: 5'-cggaattcTTTACTATTCTCTTGCTTTAC-3’
Sense primer 10: 5'-ggggtaccccATTAGGATGTCCTCAATGTTGG-3’
Antisense primer 10: 5'-cgcggatccgcg AGTTACCAAATGATATCG-3'
Sense primer 11: 5'-ccggaattccggAGACCAACAAGACCAGTACC-3’
Antisense primer 11: 5'-cgcggatccgcgTTCAAATTGATATACTGC-3’
Sense primer 12: 5'-ccggaattccggCACATCGTCTCTACCATCC-3’
Antisense primer 12: 5'-cgcggatccgcgGGGAAAATACATTAAAATTC-3’

The PCR products were purified and subcloned after digestion with
the appropriate restriction enzymes into pBluescript II SK(+) (Strat-
agene, La Jolla, CA) or by blunt end ligation, as described (28).

Human chromosome mapping. DNA from 25 well-characterized
human/rodent somatic cell hybrids was purchased from Coriell Cell
Repositories (Camden, NJ). PCR was performed using 100 ng of
DNA from each hybrid cell line, in a total volume of 40 pl. PCR of
human, hamster, and mouse control DNAs revealed the presence of a
900-bp product only in the human DNA amplification. The primers
used were as follows:

Sense primer I: 5'-GACCTGGCATCTCATGG-3'

Antisense primer I: 5'-ACCTCTCCTTTCACTGC-3'

Amplifications were performed as follows: first, one cycle at 94°C for
5 min; second, 5 cycles at 94°C (60 s), 60°C (60 s) and 72°C (60 s);
third, 30 cycles at 94°C (30 s), 56°C (30 s) and 72°C (30 s); and fourth,
one cycle at 72°C (5 min).

FISH analysis was performed by Dr. Art Brothman at the Molec-
ular Cytogenetics Core Laboratory of the University of Utah. A P1
clone was used as the hybridization probe.

Sequence analysis. Sequencing was performed on plasmid sub-
clones isolated from E. coli cultures by the alkaline lysis method. Se-
quencing of double stranded DNA templates was carried out using
the dideoxy chain termination method (29) using the Sequenase 2.0
kit (U.S. Biochemicals, Cleveland, OH).

Maell studies. The PCR products obtained using exon 9 primers
(see above) were precipitated and the pellets resuspended in 20-40 pl
H,0. The samples were divided in two identical aliquots: one was
treated with Maell (Boehringer Mannheim, 2 U) for 3 h at 50°C in a
total volume of 25 pl, following the specifications of the manufac-
turer. The other aliquot was not digested with Maell. The digestion
products then were subjected to electrophoresis on a 3% Meta-
phor™-agarose gel (FMC BioProducts, Rockland, ME), using a 100-
bp DNA ladder (GIBCO-BRL, Gaithersburg, MD) as molecular
weight standard.

Site-directed mutagenesis. PAF acetylhydrolase was expressed in
E. coli, as described (16). The construct for bacterial expression be-
gins with Ile 42 inserted with the trp promoter and a translational
start codon into the multiple cloning site of pUC19 (16). The con-
struct harboring the appropriate mutation was prepared by sequen-
tial PCR, as follows. Two sets of primers were synthesized. The first
set consisted of the following primers:

Sense primer I: 5'-tattctagaattatg ATACAAGTACTGATGGCTGCTGCAAG-3'
Antisense primer I: 5'-GAATAAACGTTGCTCCAC-3’
The second set of primers was:

Sense primer II: 5'-CAACGTTTATTCAGACTC-3’
Antisense primer II: 5'-gcaccatggagtaTAATTGTATTTCTCTATTCCTG-3'

The initial set of reactions (100 wl) contained DNA (10 ng of the
above construct), 10 pmol of each oligonucleotide primer, 200 pM
each of dCTP, dTTP, dGTP, and dATP, 1.5 mM MgCl,, 10 mM Tris
(pH 8.3 at 20°C), 50 mM KCl, and 4 U of Taq polymerase (Boeh-
ringer Mannheim). Amplifications were performed as follows: first:
one cycle at 94°C for 5 min; second: 25 cycles at 94°C (45 s), 50°C (2
min) and 72°C (2 min); third: one cycle at 72°C (10 min). The prod-
ucts were analyzed by electrophoresis on a 1% SeaPlaque® GTG®
Agarose (FMC BioProducts) and had the predicted sizes (733 and
509 bp for the first and second sets of primers, respectively). The next
step consisted of amplification using both products obtained above,
as templates (1-10 ng each) and sense primer I plus antisense primer
II. The rest of the conditions were as described above. A 1230-bp
product was obtained, purified as above and digested with Xbal and
Kpnl. This DNA was inserted into pUC 19 that had been modified
for expression in bacteria, as described (16). Sequence analysis re-
vealed that the mutant had the desired G - T substitution at position
994.

Genotype determination. Genotypes were determined by three
independent amplifications. Genomic DNA (100 ng) was used as
template in PCR reactions (15 wl) containing 1.5 pmol of each oligo-
nucleotide primer, 200 uM each of dCTP, dTTP, dGTP, and dATP,
1.5 mM MgCl,, 10 mM Tris (pH 8.3 at 20°C), 50 mM KCl, and 0.6 U
of Taq polymerase (Boehringer Mannheim). The sense primer (Sense
primer A) was the same for all reactions, and three antisense primers
(B, C, and D) were synthesized for this study:

Sense primer A: 5'-CTATAAATTTATATCATGCTT-3'
Antisense primer B: 5'-TTTACTATTCTCTTGCTTTAC-3’
Antisense primer C: 5'-TCACTAAGAGTCTGAATAAC-3’
Antisense primer D: 5'-TCACTAAGAGTCTGAATAAA-3’

Amplifications were performed as follows: first, one cycle at 94°C for
5 min; second, 5 cycles at 94°C (60 s), 56°C (60 s) and 72°C (60 s);
third, 25 cycles at 94°C (30 s), 52°C (30 s) and 72°C (30 s); and fourth,
one cycle at 72°C (5 min). The sizes of the products formed were: 160
bp when primers A and B were used, and 108 bp otherwise. The
products were analyzed by electrophoresis on a 3% Metaphor®-Aga-
rose (FMC BioProducts).

Activity assays. PAF acetylhydrolase activity was determined as
described (30).

Results

Structure and organization of the PAF acetylhydrolase gene.
We first determined the organization of the PAF acetylhydro-
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Figure 1. A G - T substitution is present in subjects

deficient in PAF acetylhydrolase activity. This point
mutation results in a Val — Phe transversion in a re-
gion highly conserved within mammals. A (fop) illus-
trates the genomic organization of the PAF acetylhy-
drolase gene. The bottom section is an autoradiography

T
\,ra;m['r Ta 1 ] Phe of a DNA sequencing gel showing the PAF acetylhy-
drolase sequence isolated from a Caucasian subject
: with normal levels of plasma activity (left). The right
T e panel displays the sequence derived by amplification of
Deficient DNA from a Japanese subject deficient in the plasma
activity. The G - T substitution results in a Val - Phe
B transversion at position 279 of the mature protein. (B)
— Amino acid sequence alignment of PAF acetylhydro-
Hummar 29 VIGHERIGATVIIOTLSEDQRY 220 lase from multiple species, near valine 279. The boxed
Bovine 270 IIQGHSFGGAT|VIQTLSEDQRF 201 area shows that the valine residue (val?”” in the human
protein) is highly conserved among species (17). The
Dog 270 VIGHSFGGATVILOQALSEDQRF 291 underlined residues are highly conserved in lipases and
Mouse 268 LMGHSFGGAT|VILQALSEDGQGREP 289 esterases; this area includes the active site serine (16,
17). Numbers indicate starting (left) and ending (right)
Chicken 262 VMGHSFGGATVIIESLSKEIRF 283 positions of the segments shown.

lase gene by isolating three human genomic clones containing
PAF acetylhydrolase sequences in bacteriophage P1 and A\
vectors (Fig. 1 A). We determined the restriction map of the
insert sequences for several restriction enzymes (e. g., BgllI,
Sacl, Xbal, EcoRI, BamHI, and HindIII) and subcloned re-
striction fragments corresponding to cDNA sequences. We
then designed sense and antisense cDNA primers, to obtain
sequence information of exonic and flanking regions.

The PAF acetylhydrolase gene is organized in 12 exons
spanning at least 45 kb of DNA sequence. The first exon en-
codes 127 nt of 5'-untranslated sequence (Table I). Exon 2 en-
codes 34 additional nt of 5'-untranslated sequence, coding se-
quence for the putative signal peptide (17 amino acid

residues), and the first 19 amino acid residues of the mature
protein (16). Exons 3 through 12 contain the remaining coding
sequence, beginning within the codon for the 20th amino acid
of the mature protein and ending within the translational stop
codon. The average exon size was 129 bp and the splice junc-
tions agree favorably with consensus splice sites for mamma-
lian genes (26).

Chromosomal localization of the PAF acetylhydrolase
gene. To determine the chromosomal location of the human
plasma PAF acetylhydrolase gene, we used a panel of human/
rodent DNA hybrids from the NIGMS (somatic cell mapping
panel No. 2) and primers localized in exon 6 (sense) and intron
7 (antisense). Products (~ 900 bp) were obtained from human

Table I. Exon Sizes and Sequence at Intron/Exon Boundaries of the PAF Acetylhydrolase Gene

Amino acids

Exon 5" Intron 3’ Intron Exon length encoded
base pairs
1 tcggeccgecagecagggggacagcg GCTG...GCTG gaggtcgggacceeggagegegace 127 0
2 tttcttttaatcatctgecttcgaag GAGA...TCAG gtaagaggtgtatttgttcaaggtc 143 36
3 gagataatatttacctgtttttcag CATG... TAAG gtaatgctttgatttatacaactta 122 41
4 aagtccattaattctttcttaacag GGCA..TTTG gtaagatttctgttgatccttcttt 145 48
5 actataaccttccattgttgtctag GTTC..TCAG gtaatgtttgagaggttgaacaatt 94 32
6 attcttccctetttttgttttgaag GACA...ACAG gtacattgcagtgaaaggagaggtg 69 23
7 ataaataattttgcttgtattatag AGAT...GCAG gtacattgcagtgaaaggagaggtg 124 41
8 ttccttcttctaataattatattag GTAC...GAAG gtaagctataaaaagtaatttttct 114 38
9 atttatatcatgctttttcaaatag GACT...TCAG gtaagaaaataagatagtaaagtaa 92 31
10 catcattgtcaacaaatatctacag ATGT...TCAG gtaagtattagtgacttatttcatt 171 57
11 ttttaaatgtcttgttctcettttag GGGT..TTAG gtaagaaactatttttttcatgacc 149 49
12 ttgattaacactttatattttatag GACT...AAAA gtcttgtttcaaaactgtctaaaat 159 45

Exon and intron sequences are shown in upper- and lowercase letters, respectively.
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genomic DNA, but not from mouse or hamster DNAs (Fig. 2
A, lanes A-C), as expected. In addition, products were ob-
tained from DNA templates harboring human chromosomes 1
and 6 (Fig. 2 A, lanes 1 and 6). To precisely establish the loca-
tion of the PAF acetylhydrolase gene, we performed FISH
analysis using a P1 clone obtained previously (Fig. 1 A). Posi-
tive hybridization signals were observed at chromosome 6p12-
21.1 on both chromosomes (Fig. 2 B). The band assignment for
FISH signals was determined by sequential FISH after G-band-
ing. No signals were detected on chromosome 1, suggesting
that the PCR products obtained using the rodent/human hy-
brid panel were nonspecific.

Identification of a point mutation in a PAF acetylhydrolase
deficient subject. We analyzed DNA from an affected member
of a Japanese family with inherited plasma PAF acetylhydro-
lase deficiency, as determined by the biochemical assay. DNA
from a subject with normal enzymatic activity was tested si-
multaneously. We amplified genomic DNA from either defi-

cient or normal subjects using primers designed from intronic
sequences to the 5" and 3’ of each coding exon (see Methods).
These reactions yielded PCR products for each individual cod-
ing exon (not shown). In addition, the size of individual PCR
products obtained from normal and deficient subjects was the
same as determined by agarose gel electrophoresis (data not
shown). These results ruled out the possibility that transloca-
tions, insertions or deletions accounted for PAF acetylhydro-
lase deficiency in this family, since these would have resulted
in either no amplification, an increase or decrease in the size of
the product, respectively. Thus, we considered the possibility
that a point mutation was responsible for PAF acetylhydrolase
deficiency. We used single stranded conformational polymor-
phism (SSCP), precise size determination on sequencing gels,
and sequence analyses to detect alterations in the conforma-
tion and/or small size variations of exons obtained from defi-
cient subjects. These studies resulted in the identification of
polymorphisms that did not account for the observed defi-

A 2 3 45 6 7 8 9 10111213 14 15
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Figure 2. The human PAF acetylhy-
drolase gene is located in chromo-
some 6p12-21.1. A shows the PCR
products obtained using a rodent/hu-
man hybrid panel of DNA samples
containing human chromosomes
1-22, X, and Y. The numbers shown
correspond to reactions in which the
template contained the correspond-

‘ ing human chromosome. Genomic
,’f DNA samples from hamster (A), hu-
\ man (B) and mouse (C) cells were

"‘_/‘ N .\ used in lanes A-C. Lanes D and E

represent negative and positive con-

i . trols, respectively. B depicts the de-
f - s P termination of chromosomal localiza-
\ f » W\ tion by FISH analysis. A
3 = . representative metaphase prepara-
4 ‘ tion is shown to indicate the position
. - of the PAF acetylhydrolase gene
e - (left). The banded chromosome 6 is
Ve Sy 4 shown together with a schematic idio-

gram to indicate that the PAF acetyl-
hydrolase gene probe hybridizes to
band 6p12-21.1 (right).
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ciency in enzymatic activity because they occurred in non-cod-
ing regions of the gene (not shown).

Our next approach consisted in sequencing multiple clones
of amplified exons derived from normal and deficient subjects.
These studies revealed a single point mutation, a G- T trans-
version, at position 994 in the ninth exon, which contains the
active site (16, 17). This nucleotide change results in a non-
conservative Val- Phe substitution at residue 279 of the ma-
ture PAF acetylhydrolase (Fig. 1 A). Val?” is conserved in
plasma PAF acetylhydrolases from different species (human,
mouse, dog, cow, and chicken; Fig. 1 B and reference 17)
which suggests that it may be essential. In addition, PAF
acetylhydrolase contains a Ser-Asp-His catalytic triad at the
active site (17) and Val*” lies between the active site ser and
asp residues in a region that likely is critical for proper folding
of the enzyme. These results suggested that the transition of
Val?” to Phe could account for the lack of enzymatic activity in
this family.

Cosegregation of PAF acetylhydrolase activity and the point
mutation. The G- T transversion generates a new restriction
site for Maell (Fig. 3 A) and we used this to test whether the
enzymatic deficiency and the G- T mutation cosegregate in
four Japanese families available for testing (Fig. 3 B). The size
of exon 9 amplified from subjects with normal PAF acetylhy-
drolase levels was not modified by Maell digestion. However,
DNA amplified from completely deficient subjects always
gave two fragments (82 and 95 bp in length) when incubated
with Maell. Further, DNA from subjects characterized as het-
erozygous on the basis of a 50% decrease in plasma PAF
acetylhydrolase activity had three fragments (82, 95, and 177
bp) after Maell digestion indicating one normal and one mu-
tant allele. Thus, the results from these small families were
consistent with the interpretation that the Val?”® - Phe muta-
tion accounts for PAF acetylhydrolase deficiency.

A single mutation accounts for PAF acetylhydrolase defi-
ciency in all subjects tested. To expand this analysis of the sig-
nificance of the Val?”® - Phe mutation, we tested an additional
41 Japanese subjects deficient in PAF acetylhydrolase activity.
They were identified by enzymatic assay using plasma ob-
tained from a random population of individuals participating
in an annual screening examination. Exon 9 was amplified
from genomic DNA of each subject, and the products were di-
gested with Maell and analyzed by electrophoresis (not
shown). In all cases, the initial product (177 bp) was com-
pletely digested to 82 and 95 bp fragments by Maell. Thus, all
of the randomly selected deficient subjects had the suspected
mutation. In contrast, this pattern was never observed in 84 in-
dividuals from the same population who had detectable enzy-
matic activity. These results indicate that the deficiency in
PAF acetylhydrolase activity and the Val?”®_, Phe transition
cosegregate, and that a single mutation may account for all
such deficiency in Japan.

The Val?” - Phe transition accounts for the lack of enzy-
matic activity in PAF acetylhydrolase deficient subjects. To ex-
amine the functional significance of the VaP” -, Phe mutation,
we expressed the normal and mutant cDNAs in E. coli (Fig. 4).
As shown by immunoreactivity, PAF acetylhydrolase protein
was expressed to the same level by bacteria transformed with
the normal and mutant constructs. However, the normal con-
struct yielded a protein with enzymatic activity while the
Phe?” construct resulted in inactive protein. This result indi-
cates that the Val’”” -, Phe mutation abolishes the enzymatic
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Figure 3. The G — T transition at position 994 of the PAF acetylhy-
drolase cDNA generates a new Maell restriction site; this new site
was used to test whether PAF acetylhydrolase deficiency cosegre-
gates with the mutation. A shows the expected Maell restriction pat-
tern of PCR-amplified exon 9 of DNA samples isolated from individ-
uals with the normal and mutant allele. The agarose gel on the
bottom illustrates the size of undigested PCR-amplified exon 9 from
subjects with deficient (lane 7), normal (lane 2), and intermediate
(lane 3) levels of PAF acetylhydrolase activity, and DNA from each
source after digestion with Maell (lanes 4, 5, and 6, respectively). For
illustrative purposes we show the results obtained from one subject of
each category, but this test was applied to all family members from
whom DNA samples were available. B shows four Japanese pedi-
grees with PAF acetylhydrolase deficiency. Individuals having no de-
tectable plasma PAF acetylhydrolase activity are represented by
black circles (females) and black squares (males). Unaffected individ-
uals are represented by open circles (females) and open squares
(males). Family members who have intermediate levels of activity are
represented by shaded circles (females) and shaded squares (males).
Individuals for whom no phenotypic data were available are identi-
fied by a question mark (?). Above each symbol, individual alleles are
represented by a “+” sign (normal exon 9) and/or a “—" sign (indi-
cates G - T missense mutation in exon 9). Parentheses indicate that
the genotype was predicted based on genetic and biochemical infor-
mation from family members. PAF acetylhydrolase deficiency coseg-
regates with the mutation and individuals heterozygous for the muta-
tion have lower activity levels than unaffected subjects. Informed
consent was obtained from each family member before inclusion in
the study.




activity of PAF acetylhydrolase and accounts for the defi-
ciency in Japanese subjects. To examine if the mutant protein
was expressed in vivo, albeit in inactive form, we subjected
plasma from deficient subjects to electrophoresis and Western
blotting. We detected no immunoreactive protein in plasma
from deficient subjects in contrast to normal plasma which ex-
pressed detectable levels of enzyme (Fig. 4, lower panel). Thus,
both plasma PAF acetylhydrolase activity and protein are
lacking in these individuals.

Frequency of the G- T transversion in the Japanese and
North American populations. Finally, we examined the allelic
frequency of this mutation in the Japanese population. For this
experiment we developed a rapid PCR assay that gives dis-
crete products from the normal and mutant alleles and in con-
trol experiments showed that it accurately reflects the G- T
transversion at position 994. This assay was developed to re-
duce the cost and to simplify the screening process. We used
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Figure 4. Expression of normal and mutant PAF acetylhydrolase
gene: the G — T transition results in the production of inactive en-
zyme that can be detected by immunoblotting. Bacteria transformed
with the PAF acetylhydrolase construct, the mutant construct and
with vector alone were grown for 16 h at 37°C, harvested, lysed by
sonication, and tested for PAF acetylhydrolase activity (30). Addi-
tional aliquots (50 g for lanes 7, 4, and 7; 75 pg for lanes 2, 5, and 8;
and 100 pg for lanes 3, 6, and 9) were subjected to electrophoresis on
10% acrylamide gels, as described (26). The separated proteins were
transferred to a PVDF membrane which was then probed with a rab-
bit polyclonal antibody against recombinant PAF acetylhydrolase.
The blots were developed using alkaline phosphatase-labeled goat
anti-rabbit IgG. The bottom panel is Western blot in which normal
plasma and PAF acetylhydrolase deficient plasma were subjected to
electrophoresis and transferred to a PVDF membrane, as above. The
blots were developed using horesradish peroxidase-labeled goat anti—
rabbit IgG and an enhanced chemiluminescence detection method.

DNA isolated from 127 randomly selected Japanese subjects
in specific PCR amplifications using three sets of primers (Fig.
5 A). We also measured their plasma PAF acetylhydrolase ac-
tivity (Fig. 5 B). The mutant allele was present in 27% of the
Japanese population as heterozygotes and 4% as homozy-
gotes. This corresponded perfectly with enzyme activity levels
(Fig. 5 B). In contrast, no heterozygous or homozygous defi-
cient subjects were identified in a random North American
population (n = 108, not shown). Both Miwa et al. (24) and we
found a 4% prevalence of homozygous deficiency in Japan and
our result of a 27% prevalence of heterozygosity agrees with
the allele frequency predicted if the population is in Hardy-
Weinberg equilibrium. We found that heterozygosity is estab-
lished more conclusively by DNA analysis since enzymatic ac-
tivity determinations revealed overlap between normal and
heterozygous subjects (Fig. 5 B). This was expected since we
and others have shown that the levels of activity are regulated
by environmental factors (4, 21, 31).

Discussion

Human plasma PAF acetylhydrolase has potentially crucial
physiological and pathological roles because it abolishes the
diverse effects of PAF and oxidized phospholipids, which in-
clude inflammation and thrombosis. Decreased degradation of
these biologically active molecules should result in pathologi-
cal responses, and acquired PAF acetylhydrolase deficiency
has been described in patients with systemic lupus erythemato-
sus (21) and septic shock (32).

The prevalence of asthma and allergic diseases has been
reported to be low in Asian populations compared with the
United Kingdom and Australia (33, 34) while other studies
support the notion that the incidence of asthma is higher in
Asian ethnic groups than in the White population (35). This
contradictory results are likely due to the lack of uniformity in
the methodology used to define asthma and the complicated,
multifactorial nature of the disease which make it difficult to
compare prevalence data between studies (36). Leung and Ho
(36) recently reported that family history is the strongest pre-
dicting factor for asthma and allergic symptoms in three Asian
populations, conferring a 3-80-fold increase in risk to family
members, which is significantly higher than the 2-3-fold in-
crease found for Western Countries (37, 38). These studies
suggest that common genetic factors interact in a complex
manner to initiate clinical asthma and allergy. Miwa et al. (24)
showed that Japanese children with no detectable plasma PAF
acetylhydrolase activity have a high prevalence of severe
asthma. The natural history of individuals with PAF acetylhy-
drolase deficiency is not known since a cohort has not been
followed prospectively nor are cross-sectional studies avail-
able. We predict that these individuals will have increased se-
verity and incidence of inflammatory and allergic disorders.
We propose that the function of plasma PAF acetylhydrolase
is analogous to that of other protective plasma proteins such as
protein C, which is a protease that suppresses coagulation, and
a-1 antitrypsin, which inhibits the activity of proteases. Impor-
tantly, heterozygous subjects deficient in protein C show an in-
creased risk of thrombosis when studied as part of a pedigree,
but the modest increased risk is not apparent in population-
based studies (39, 40). Similarly, patients deficient in -1 anti-
trypsin often are modestly affected unless they smoke cigarettes,
which leads to severe emphysema (41). By analogy, patients
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with PAF acetylhydrolase deficiency may be relatively normal
unless they develop inflammatory conditions mediated by
PAF which would accumulate to high levels and initiate severe
inflammation. The high frequency of the mutant allele is in-
triguing and may reflect a selective advantage in heterozy-
gotes, although this is likely to be true only if it is a relatively
ancient mutation.

We report here that the human PAF acetylhydrolase gene
is located in chromosome 6p12.p21.1. Other genes have been
localized to this region as well. A severe form of polycystic kid-
ney disease maps to chromosome 6p21.1p12 (42). In addition,
juvenile myoclonic epilepsy has been recently shown to map to
chromosome 6p21.2-p11 (43) and there is evidence that chro-
mosome 6p carries a locus that predisposes to schizophrenia
(44). These findings are interesting as mRNA for plasma PAF
acetylhydrolase has been detected in certain regions of the
brain (16) and intracellular PAF acetylhydrolase activities
have been purified and cloned from bovine brain (12, 13, 18—
20). This suggests that PAF and/or related lipids may have im-
portant neural signaling functions (45, 46) and that PAF
acetylhydrolase activity may serve to modulate the actions of
PAF and related lipids in the brain. The balance between PAF
production and degradation may be an important factor in
brain homeostasis and alterations in this balance may lead to
human disease.
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Figure 5. Frequency of missense mutation in the
Japanese population. A shows the method used to
establish heterozygosity in a population of ran-
domly selected Japanese subjects. When both al-
leles are normal, products on the top (correspond-
ing to the entire exon 9) and middle (corresponding
to a partial exon 9 product containing the normal
sequence) lanes should be produced, as in lane /3.
A homozygous deficient sample (lane 17) yields
products in the top and bottom lanes (this latter one
corresponds to a partial PCR product containing
the mutation). A heterozygous sample should am-
plify using all three sets of primers, as in lane /2.
Lane /4 is a control using water as template. The
upper band is a control for amplification and has no
discriminatory power. 10 samples are shown for il-
lustrative purposes, but a population of 84 samples
was screened using this assay. Samples shown on
lanes 4, 6, and 10 were judged heterozygous; sam-
ples shown on lanes 1-3, 5, and 7-9 were judged
normal. B shows the distribution of PAF acetylhy-
drolase activity in the population described above
(composed of 84 samples with detectable levels of
plasma PAF acetylhydrolase activity; completely
deficient subjects were excluded from this study). A
biphasic curve can be observed, with two maxima at
~ 35 nmol/ml per min (average value for heterozy-
gotes) and 70 nmol/ml per min (average value for
normals).
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