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ABSTRACT 

The present invention provides puri?ed and isolated poly 
nucleotide sequences encoding human plasma platelet-acti 
vating factor acetylhydrolase. Also provided are materials 
and methods for the recombinant production of platelet 
activating factor acetylhydrolase products Which are 
expected to be useful in regulating pathological in?amma 
tory events. 
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PLATELET-ACTIVATING FACTOR 
ACETYLHYDROLASE 

[0001] This application is a continuation-in-part of co 
pending US. patent application Ser. No. 08/318,905 ?led 
Oct. 6, 1994, Which in turn is a continuation-in-part of 
co-pending US. patent application Ser. No. 08/133,803 ?led 
Oct. 6, 1993. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to platelet 
activating factor acetylhydrolase and more speci?cally to 
novel puri?ed and isolated polynucleotides encoding human 
plasma platelet-activating factor acetylhydrolase, to the 
platelet-activating factor acetylhydrolase products encoded 
by the polynucleotides, to materials and methods for the 
recombinant production of platelet-activating factor acetyl 
hydrolase products and to antibody substances speci?c for 
platelet-activating factor acetylhydrolase. 

BACKGROUND 

[0003] Platelet-activating factor (PAF) is a biologically 
active phospholipid synthesiZed by various cell types. In 
vivo and at normal concentrations of 10'10 to 10'9 M, PAF 
activates target cells such as platelets and neutrophils by 
binding to speci?c G protein-coupled cell surface receptors 
[Venable et al.,J. Lipid Res., 34: 691-701 (1993)]. PAF has 
the structure 1-Q-alkyl-2-acetyl-g-glycero-3-phosphocho 
line. For optimal biological activity, the Q-l position of the 
PAP glycerol backbone must be in an ether linkage With a 
fatty alcohol and the Q6 position must have a phospho 
choline head group. 

[0004] PAF functions in normal physiological processes 
(e. g., in?ammation, hemostasis and parturition) and is impli 
cated in pathological in?ammatory responses (e.g., asthma, 
anaphylaXis, septic shock and arthritis) [Venable et al., 
supra, and Lindsberg et al., Ann. Neurol, 30: 117-129 
(1991)]. The likelihood of PAF involvement in pathological 
responses has prompted attempts to modulate the activity of 
PAP and the major focus of these attempts has been the 
development of antagonists of PAF activity Which interfere 
With binding of PAF to cell surface receptors. See, for 
eXample, Heuer et al., Clin. Exp. Allergy, 22: 980-983 
(1992). 
[0005] The synthesis and secretion of PAF as Well as its 
degradation and clearance appear to be tightly controlled. To 
the eXtent that pathological in?ammatory actions of PAF 
result from a failure of PAF regulatory mechanisms giving 
rise to excessive production, inappropriate production or 
lack of degradation. an alternative means of modulating the 
activity of PAF Would involve mimicing or augmenting the 
natural process by Which resolution of in?ammation occurs. 
Macrophages [Stafforini et al., J. Biol. Chem, 265(17): 
9682-9687 (1990)], hepatocytes and the human hepatoma 
cell line HepG2 [Satoh et al., J. Clin. Invest, 87: 476-481 
(1991) and Tarbet et al., J. Biol. Chem, 266(25): 16667 
16673 (1991)] have been reported to release an enZymatic 
activity, PAF acetylhydrolase (PAF-AH), that inactivates 
PAF. In addition to inactivating PAF, PAF-AH also inacti 
vates oXidatively fragmented phospholipids such as prod 
ucts of the arachidonic acid cascade that mediate in?amma 
tion. See, Stremler et al., J. Biol. Chem, 266(17): 11095 
11103 (1991). The inactivation of PAF by PAF-AH occurs 
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primarily by hydrolysis of the PAP Q-2 acetyl group and 
PAF-AH metaboliZes oXidatively fragmented phospholipids 
by removing Q2 acyl groups. TWo types of PAF-AH have 
been identi?ed: cytoplasmic forms found in a variety of cell 
types and tissues such as endothelial cells and erythrocytes, 
and an extracellular form found in plasma and serum. 
Plasma PAF-AH does not hydrolyZe intact phospholipids 
eXcept for PAP and this substrate speci?city alloWs the 
enZyme to circulate in vivo in a fully active state Without 
adverse effects. The plasma PAF-AH appears to account for 
all of the PAP degradation in human blood eX vivo 
[Stafforini et al.,J. Biol. Chem, 262(9): 4223-4230 (1987)]. 
[0006] While the cytoplasmic and plasma forms of PAF 
AH appear to have identical substrate speci?city, plasma 
PAF-AH has biochemical characteristics Which distinguish 
it from cytoplasmic PAF-AH and from other characteriZed 
lipases. Speci?cally, plasma PAF-AH is associated With 
lipoprotein particles, is inhibited by diisopropyl ?uorophos 
phate, is not affected by calcium ions, is relatively insensi 
tive to proteolysis, and has an apparent molecular Weight of 
43,000 daltons. See, Stafforini et al. (1987), supra. The same 
Stafforini et al. article describes a procedure for partial 
puri?cation of PAF-AH from human plasma and the amino 
acid composition of the plasma material obtained by use of 
the procedure. Cytoplasmic PAF-AH has been puri?ed from 
erythrocytes as reported in Stafforini et al., J. Biol. Chem, 
268(6): 3857-3865 (1993) and ten amino terminal residues 
of cytoplasmic PAF-AH are also described in the article. 
Hattori et al., J. Biol. Chem, 268(25): 18748-18753 (1993) 
describes the puri?cation of cytoplasmic PAF-AH from 
bovine brain. Subsequent to ?ling of the parent application 
hereto the nucleotide sequence of bovine brain cytoplasmic 
PAF-AH Was published in Hattori et al., J. Biol. Chem, 
269(237): 23150-23155 (1994). On Jan. 5, 1995, three 
months after the ?ling date of the parent application hereto, 
a nucleotide sequence for a lipoprotein associated phospho 
lipase A2 (Lp-PLA2) Was published in Smithkline Beecham 
PLC Patent Cooperation Treaty (PC) International Publica 
tion No. WO 95/00649. The nucleotide sequence of the 
Lp-PLA2 differs at one position When compared to the 
nucleotide sequence of the PAF-AH of the present invention. 
The nucleotide difference (corresponding to position 1297 of 
SEQ ID NO: 7) results in an amino acid difference betWeen 
the enZymes encoded by the polynucleotides. The amino 
acid at position 379 of SEQ ID NO: 8 is a valine While the 
amino acid at the corresponding position in Lp-PLA2 is an 
alanine. In addition, the nucleotide sequence of the PAF-AH 
of the present invention includes 124 bases at the 5‘ end and 
tWenty bases at the 3‘ end not present in the Lp-PLA2 
sequence. Three months later, on Apr. 10, 1995, a Lp-PLA2 
sequence Was deposited in GenBank under Accession No. 
U24577 Which differs at eleven positions When compared to 
the nucleotide sequence of the PAF-AH of the present 
invention. The nucleotide differences (corresponding to 
position 79, 81, 84, 85, 86, 121, 122, 904, 905, 911, 983 and 
1327 of SEQ ID NO: 7) results in four amino acid differ 
ences betWeen the enZymes encoded by the polynucleotides. 
The amino acids at positions 249, 250, 274 and 389 of SEQ 
ID NO: 8 are lysine, aspartic acid, phenylalanine and 
leucine, respectively, While the respective amino acid at the 
corresponding positions in the GenBank sequence are iso 
leucine, arginine, leucine and serine. 
[0007] The recombinant production of PAF-AH Would 
make possible the use of eXogenous PAF-AH to mimic or 
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augment normal processes of resolution of in?ammation in 
vivo. The administration of PAF-AH Would provide a physi 
ological advantage over administration of PAF receptor 
antagonists because PAF-AH is a product normally found in 
plasma. Moreover, because PAF receptor antagonists Which 
are structurally related to PAF inhibit native PAF-AH activ 
ity, the desirable metabolism of PAP and of oxidatively 
fragmented phospholipids is thereby prevented. Thus, the 
inhibition of PAF-AH activity by PAF receptor antagonists 
counteracts the competitive blockade of the PAP receptor by 
the antagonists. See. Stremler et al., supra. In addition, in 
locations of acute in?ammation, for example, the release of 
oxidants results in inactivation of the native PAF-AH 
enZyme in turn resulting in elevated local levels of PAP and 
PAF-like compounds Which Would compete With any exog 
enously administed PAF receptor antagonist for binding to 
the PAP receptor. In contrast, treatment With recombinant 
PAF-AH Would augment endogenous PAF-AH activity and 
compensate for any inactivated endogenous enZyme. 

[0008] There thus exists a need in the art to identify and 
isolate polynucleotide sequences encoding human plasma 
PAF-AH, to develop materials and methods useful for the 
recombinant production of PAF-AH and to generate 
reagents for the detection of PAF-AH in plasma. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides novel puri?ed and 
isolated polynucleotides (i.e., DNA and RNAboth sense and 
antisense strands) encoding human plasma PAF-AH or 
enZymatically active fragments thereof. Preferred DNA 
sequences of the invention include genomic and cDNA 
sequences as Well as Wholly or partially chemically synthe 
siZed DNA sequences. The DNA sequence encoding PAF 
AH that is set out in SEQ ID NO: 7 and DNA sequences 
Which hybridiZe to the noncoding strand thereof under 
standard stringent conditions or Which Would hybridiZe but 
for the redundancy of the genetic code, are contemplated by 
the invention. Also contemplated by the invention are bio 
logical replicas (i.e., copies of isolated DNA sequences 
made in vivo or in vitro) of DNA sequences of the invention. 
Autonomously replicating recombinant constructions such 
as plasmid and viral DNA vectors incorporating PAF-AH 
sequences and especially vectors Wherein DNA encoding 
PAF-AH is operatively linked to an endogenous or exog 
enous expression control DNA sequence and a transcription 
terminator are also provided. 

[0010] According to another aspect of the invention, pro 
caryotic or eucaryotic host cells are stably transformed With 
DNA sequences of the invention in a manner alloWing the 
desired PAF-AH to be expressed therein. Host cells express 
ing PAF-AH products can serve a variety of useful purposes. 
Such cells constitute a valuable source of immunogen for the 
development of antibody substances speci?cally immunore 
active With PAF-AH. Host cells of the invention are con 
spicuously useful in methods for the large scale production 
of PAF-AH Wherein the cells are groWn in a suitable culture 
medium and the desired polypeptide products are isolated 
from the cells or from the medium in Which the cells are 
groWn by, for example, immunoaf?nity puri?cation. 

[0011] Anon-immunological method contemplated by the 
invention for purifying PAF-AH from plasma includes the 
folloWing steps: (a) isolating loW density lipoprotein par 
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ticles; (b) solubiliZing said loW density lipoprotein particles 
in a buffer comprising 10 mM CHAPS to generate a ?rst 
PAF-AH enZyme solution; (c) applying said ?rst PAF-AH 
enZyme solution to a DEAE anion exchange column; (d) 
Washing said DEAE anion exchange column using an 
approximately pH 7.5 buffer comprising 1 mM CHAPS; (e) 
eluting PAF-AH enZyme from said DEAE anion exchange 
column in fractions using approximately pH 7.5 buffers 
comprising a gradient of 0 to 0.5 M NaCl; pooling 
fractions eluted from said DEAE anion exchange column 
having PAF-AH enZymatic activity; (g) adjusting said 
pooled, active fractions from said DEAE anion exchange 
column to 10 mM CHAPS to generate a second PAF-AH 
enZyme solution; (h) applying said second PAF-AH enZyme 
solution to a blue dye ligand af?nity column; eluting 
PAF-AH enZyme from said blue dye ligand af?nity column 
using a buffer comprising 10 mM CHAPS and a chaotropic 
salt; applying the eluate from said blue dye ligand affinity 
column to a Cu ligand af?nity column; (k) eluting PAF-AH 
enZyme from said Cu ligand af?nity column using a buffer 
comprising 10 mM CHAPS and imidaZole; (l) subjecting the 
eluate from said Cu ligand affinity column to SDS-PAGE; 
and isolating the approximately 44 kDa PAF-AH 
enZyme from the SDS-polyacrylamide gel. Preferably, the 
buffer of step (b) is 25 mM Tris-HCl, 10 mM CHAPS, pH 
7.5; the buffer of step (d) is 25 mM Tris-HCl, 1 mM CHAPS; 
the column of step (h) is a Blue Sepharose Fast How 
column; the buffer of step is 25 mM Tris-HCl, 10 mM 
CHAPS, 0.5M KSCN, pH 7.5; the column of step is a Cu 
Chelating Sepharose column; and the buffer of step (k) is 25 
mM Tris-HCl, 10 mM CHAPS. 0.5M NaCl. 50 mM imida 
Zole at a pH in a range of about pH 7.5-8.0. 

[0012] A method contemplated by the invention for puri 
fying enZymatically-active PAF-AH from E. coli producing 
PAF-AH includes the steps of: (a) preparing a centrifugation 
supernatant from lysed E. coli producing PAF-AH enZyme 
(b) applying said centrifugation supernatant to a blue dye 
ligand af?nity column; (c) eluting PAF-AH enZyme from 
said blue dye ligand af?nity column using a buffer compris 
ing 10 mM CHAPS and a chaotropic salt; (d) applying said 
eluate from said blue dye ligand af?nity column to a Cu 
ligand af?nity column; and (e) eluting PAF-AH enZyme 
from said Cu ligand af?nity column using a buffer compris 
ing 10 mM CHAPS and imidaZole. Preferably, the column 
of step (b) is a Blue Sepharose Fast How column; the buffer 
of step (c) is 25 mM Tris-HCl, 10 mM CHAPS, 0.5M 
KSCN, pH. 7.5; the column of step (d) is a Cu Chelating 
Sepharose column; and the buffer of step (e) is 25 mM 
Tris-HCl, 10 mM CHAPS, 0.5M NaCl, 100 mM imidaZole, 
pH 7.5. 
[0013] Another method contemplated by the invention for 
purifying enZymatically-active PAF-AH from E. coli pro 
ducing PAF-AH includes the steps of: (a) preparing a 
centrifugation supernatant from lysed E. coli producing 
PAF-AH enZyme; (b) diluting said centrifugation superna 
tant in a loW pH buffer comprising 10 mM CHAPS; (c) 
applying said diluted centrifugation supernatant to a cation 
exchange column equilibrated at about pH 7.5; (d) eluting 
PAF-AH enZyme from said cation exchange column using 
1M salt; (e) raising the pH of said eluate from said cation 
exchange column and adjusting the salt concentration of said 
eluate to about 0.5M salt; applying said adjusted eluate 
from said cation exchange column to a blue dye ligand 
af?nity column; (g) eluting PAF-AH enZyme from said blue 
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dye ligand af?nity column using a buffer comprising about 
2M to about 3M salt; and (h) dialyZing said eluate from said 
blue dye ligand af?nity column using a buffer comprising 
about 0.1% Tween. Preferably, the buffer of step (b) is 25 
mM MES, 10 mM CHAPS, 1 mM EDTA, pH 4.9; the 
column of step (c) is an S sepharose column equilibrated in 
25 mM MES, 10 mM CHAPS, 1 mM EDTA, 50 mM NaCl, 
pH 5.5; PAF-AH is eluted in step (d) using 1 mM NaCl; the 
pH of the eluate in step (e) is adjusted to pH 7.5 using 2M 
Tris base; the column in step is a sepharose column; the 
buffer in step (g) is 25 mM Tris, 10 mM CHAPS, 3M NaCl, 
1 mM EDTA, pH 7.5; and the buffer in step (h) is 25 mM 
Tris, 0.5M NaCl, 0.1% TWeen 80, pH 7.5. 
[0014] Still another method contemplated by the invention 
for purifying enZymatically-active PAF-AH from E.c0li 
includes the steps of: (a) preparing an E. coli extract Which 
yields solubiliZed PAF-AH supernatant after lysis in a buffer 
containing CHAPS; (b) dilution of the said supernatant and 
application to a anion exchange column equilibrated at about 
pH 8.0; (c) eluting PAF-AH enZyme from said anion 
exchange column; (d) applying said adjusted eluate from 
said anion exchange column to a blue dye ligand affinity 
column; (e) eluting the said blue dye ligand af?nity column 
using a buffer comprising 3.0M salt; dilution of the blue 
dye eluate into a suitable buffer for performing hydroxyla 
patite chromatography; (g) performing hydroxylapatite 
chromatography Where Washing and elution is accomplished 
using buffers (With or Without CHAPS); (h) diluting said 
hydroxylapatite eluate to an appropriate salt concentration 
for cation exchange chromatography; applying said 
diluted hydroxylapatite eluate to a cation exchange column 
at a pH ranging betWeen approximately 6.0 to 7.0; elution 
of PAF-AH from said cation exchange column With a 
suitable formulation buffer; (k) performing cation exchange 
chromatography in the cold; and (l) formulation of PAF-AH 
in liquid or froZen form in the absence of CHAPS. 

[0015] Preferably in step (a) above the lysis buffer is 25 
mM Tris, 100 mM NaCl, 1 mM EDTA, 20 mM CHAPS, pH 
8.0; in step (b) the dilution of the supernatant for anion 
exchange chromatography is 34 fold into 25 mM Tris, 1 mM 
EDTA, 10 mM CHAPS, pH 8.0 and the column is a 
Q-Sepharose column equilibrated With 25 mM Tris, 1 mM 
EDTA, 50 mM NaCl, 10 mM CHAPS, pH 8.0; in step (c) the 
anion exchange column is eluted using 25 mM Tris, 1 mM 
EDTA, 350 mM NaCl, 10 mM CHAPS, pH 8.0; in step (d) 
the eluate from step (c) is applied directly onto a blue dye 
af?nity column; in step (e) the column is eluted With 3M 
NaCl, 10 mM CHAPS, 25 mM Tris, pH 8.0 buffer; in step 
(f) dilution of the blue dye eluate for hydroxylapatite chro 
matography is accomplished by dilution into 10 mM sodium 
phosphate, 100 mM NaCl, 10 mM CHAPS, pH 6.2; in step 
(g) hydroxylapatite chromatography is accomplished using a 
hydroxylapatite column equilibrated With 10 mM sodium 
phosphate, 100 mM NaCl, 10 mM CHAPS and elution is 
accomplished using 50 mM sodium phosphate, 100 mM 
NaCl (With or Without) 10 mM CHAPS, pH 7.5; in step (h) 
dilution of said hydroxylapatite eluate for cation exchange 
chromatography is accomplished by dilution into a buffer 
ranging in pH from approximately 6.0 to 7.0 comprising 
sodium phosphate (With or Without CHAPS), in step a S 
Sepharose column is equilibrated With 50 mM sodium 
phosphate, (With or Without) 10 mM CHAPS, pH 6.8; in step 

elution is accomplished With a suitable formulation buffer 
such as potassium phosphate 50 mM, 12.5 mM aspartic acid, 
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125 mM NaCl, pH 7.5 containing 0.01% TWeen-80; and in 
step (k) cation exchange chromatrography is accomplished 
at 2-8° C. Examples of suitable formulation buffers for use 
in step (1) Which stabiliZe PAF-AH include 50 mM potas 
sium phosphate, 12.5 mM Aspartic acid, 125 mM NaCl pH 
7.4 (approximately, With and Without the addition of TWeen 
80 and or Pluronic F68) or 25 mM potassium phosphate 
buffer containing (at least) 125 mM NaCl, 25 mM arginine 
and 0.01% TWeen-80 (With or Without Pluronic F68 at 
approximately 0.1 and 0.5%). 

[0016] PAF-AH products may be obtained as isolates from 
natural cell sources or may be chemically synthesiZed, but 
are preferably produced by recombinant procedures involv 
ing procaryotic or eucaryotic host cells of the invention. 
PAF-AH products having part or all of the amino acid 
sequence set out in SEQ ID NO: 8 are contemplated. The use 
of mammalian host cells is expected to provide for such 
post-translational modi?cations (e.g., myristolation, glyco 
sylation, truncation, lipidation and tyrosine, serine or threo 
nine phosphorylation) as may be needed to confer optimal 
biological activity on recombinant expression products of 
the invention. PAF-AH products of the invention may be full 
length polypeptides, fragments or variants. Variants may 
comprise PAF-AH analogs Wherein one or more of the 
speci?ed (i.e., naturally encoded) amino acids is deleted or 
replaced or Wherein one or more nonspeci?ed amino acids 
are added: (1) Without loss of one or more of the enZymatic 
activities or immunological characteristics speci?c to PAF 
AH; or (2) With speci?c disablement of a particular biologi 
cal activity of PAF-AH. Proteins or other molecules that 
bind to PAF-AH may be used to modulate its activity. 

[0017] Also comprehended by the present invention are 
antibody substances (e.g., monoclonal and polyclonal anti 
bodies, single chain antibodies, chimeric antibodies, CDR 
grafted antibodies and the like) and other binding proteins 
speci?c for PAF-AH. Speci?cally illustrating binding pro 
teins of the invention are the monoclonal antibodies pro 
duced by hybridomas 90G11D and 90F2D Which Were 
deposited With the American Type Culture Collection 
(ATCC), 12301 ParklaWn Drive, Rockville, Md. 20852 on 
Sep. 30, 1994 and Were respectively assigned Accession 
Nos. HB 11724 and HB 11725. Also illustrating binding 
proteins of the invention is the monoclonal antibody pro 
duced by hybridoma 143A Which Was deposited With the 
ATCC on Jun. 1, 1995 and assigned Accession No. HB 
11900. Proteins or other molecules (e.g., lipids or small 
molecules) Which speci?cally bind to PAF-AH can be iden 
ti?ed using PAF-AH isolated from plasma, recombinant 
PAF-AH, PAF-AH variants or cells expressing such prod 
ucts. Binding proteins are useful, in turn, in compositions for 
immuniZation as Well as for purifying PAF-AH, and are 
useful for detection or quanti?cation of PAF-AH in ?uid and 
tissue samples by knoWn immunological procedures. Anti 
idiotypic antibodies speci?c for PAF-AH-speci?c antibody 
substances are also contemplated. 

[0018] The scienti?c value of the information contributed 
through the disclosures of DNA and amino acid sequences 
of the present invention is manifest. As one series of 
examples, knoWledge of the sequence of a cDNA for PAF 
AH makes possible the isolation by DNA/DNA hybridiZa 
tion of genomic DNA sequences encoding PAF-AH and 
specifying PAF-AH expression control regulatory sequences 
such as promoters, operators and the like. DNA/DNA 
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hybridization procedures carried out With DNA sequences of 
the invention under conditions of stringency standard in the 
art are likewise expected to allow the isolation of DNAs 
encoding allelic variants of PAF-AH, other structurally 
related proteins sharing one or more of the biochemical 
and/or immunological properties of PAF-AH, and non 
human species proteins homologous to PAF-AH. The DNA 
sequence information provided by the present invention also 
makes possible the development, by homologous recombi 
nation or “knockout” strategies [see, e. g., Kapecchi, Science, 
244: 1288-1292 (1989)], of rodents that fail to express a 
functional PAF-AH enZyme or that express a variant PAF 
AH enZyme. Polynucleotides of the invention When suitably 
labelled are useful in hybridiZation assays to detect the 
capacity of cells to synthesiZe PAF-AH. Polynucleotides of 
the invention may also be the basis for diagnostic methods 
useful for identifying a genetic alteration(s) in the PAF-AH 
locus that underlies a disease state or states. Also made 
available by the invention are anti-sense polynucleotides 
relevant to regulating expression of PAF-AH by those cells 
Which ordinarily express the same. 

[0019] Administration of PAF-AH preparations of the 
invention to mammalian subjects, especially humans, for the 
purpose of ameliorating pathological in?ammatory condi 
tions is contemplated. Based on implication of the involve 
ment of PAF in pathological in?ammatory conditions, the 
administration of PAF-AH is indicated, for example, in 
treatment of asthma [MiWa et al., J. Clin. Invest, 82: 
1983-1991 (1988); Hsieh et al., J. Allergy Clin. 1mmunol., 
91: 650-657 (1993); and Yamashita et al., Allergy, 49: 60-63 
(1994)], anaphylaxis [Venable et al., supra], shock [Venable 
et al., supra], reperfusion injury and central nervous system 
ischemia [Lindsberg et al. (1991), supra], antigen-induced 
arthritis [Zarco et al., Clin. Exp. 1mmunol., 88: 318-323 
(1992)], atherogenesis [Handley et al., Drug Dev. Res., 7: 
361-375 (1986)], Crohn’s disease [DeniZot et al., Digestive 
Diseases and Sciences, 37(3): 432-437 (1992)], ischemic 
boWel necrosis/necrotiZing enterocolitis [DeniZot et al., 
supra and Caplan et al., Acta Paediatr, Suppl. 396: 11-17 
(1994)], ulcerative colitis (DeniZot et al., supra), ischemic 
stroke [Satoh et al., Stroke, 23: 1090 1092 (1992)], ischemic 
brain injury [Lindsberg et al., Stroke, 21: 1452-1457 (1990) 
and Lindsberg et al. (1991), supra], systemic lupus erythe 
matosus [MatsuZaki et al., Clinica Chimica Acta, 210: 
139-144 (1992)], acute pancreatitis [Kald et al., Pancreas, 
8(4): 440-442 (1993)], septicemia (Kald et al., supra), acute 
post streptococcal glomerulonephritis [MeZZano et al., J. 
Am. Soc. Nephrol, 4: 235-242 (1993)], pulmonary edema 
resulting from IL-2 therapy [Rabinovici et al., J. Clin. 
Invest, 89: 1669-1673 (1992)], allergic in?ammation [Wa 
tanabe et al., Br J. Pharmacol, 111: 123-130 (1994)], 
ischemic renal failure [Grino et al., Annals of Internal 
Medicine, 121(5): 345-347 (1994); preterm labor [Hoffman 
et al, Am. J. Obstet. Gynecol, 162(2): 525-528 (1990) and 
Maki et al.,Proc. Natl. Acad. Sci. USA, 85: 728-732 (1988)]; 
and adult respiratory distress syndrome [Rabinovici et al., J. 
Appl. Physiol, 74(4): 1791-1802 (1993); Matsumoto et al., 
Clin. Exp. Pharmacol. Physiol, 19 509-515 (1992); and 
RodrigueZ-Roisin et al., J. Clin. Invest, 93: 188-194 
(1994)]. 
[0020] Animal models for many of the foregoing patho 
logical conditions have been described in the art. For 
example, a mouse model for asthma and rhinitis is described 
in Example 16 herein; a rabbit model for arthritis is 
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described in Zarco et at., supra; rat models for ischemic 
boWel necrosis/necrotiZing enterocolitis are described in 
FurukaWa et al., Ped. Res., 34,(2): 237-241 (1993) and 
Caplan et al., supra; a rabbit model for stroke is described in 
Lindsberg et al., (1990), supra: a mouse model for lupus is 
described in MatsuZaki et al., supra; a rat model for acute 
pancreatitis is described in Kald et al., supra: a rat model for 
pulmonary edema resulting from IL-2 therapy is described 
in Rabinovici et al., supra; a rat model of allergic in?am 
mation is described in Watanabe et al., supra); a canine 
model of renal allograft is described in Watson et al., 
Transplantation, 56(4): 1047-1049 (1993); and rat and 
guinea pig models of adult respiratory distress syndrome are 
respectively described in Rabinovici et al., supra. and Lel 
louch-Tubiana,Am. Rev. Respir. Dis., 137: 948-954 (1988). 

[0021] Speci?cally contemplated by the invention are 
PAF-AH compositions for use in methods for treating a 
mammal susceptible to or suffering from PAF-mediated 
pathological conditions comprising administering PAF-AH 
to the mammal in an amount su?icient to supplement 
endogenous PAF-AH activity and to inactivate pathological 
amounts of PAF in the mammal. 

[0022] Therapeutic/pharmaceutical compositions contem 
plated by the invention include PAF-AH and a physiologi 
cally acceptable diluent or carrier and may also include other 
agents having anti-in?ammatory effects. Dosage amounts 
indicated Would be su?icient to supplement endogenous 
PAF-AH activity and to inactivate pathological amounts of 
PAF. For general dosage considerations see Remmington’s 
Pharmaceutical Sciences, 18th Edition, Mack Publishing 
Co., Easton, Pa. (1990). Dosages Will vary betWeen about 
0.1 to about 1000 pig PAF-AH/kg body Weight. Therapeutic 
compositions of the invention may be administered by 
various routes depending on the pathological condition to be 
treated. For example, administration may be by intrave 
neous, subcutaneous, oral, suppository, and/or pulmonary 
routes. 

[0023] For pathological conditions of the lung, adminis 
tration of PAF-AH by the pulmonary route is particularly 
indicated. Contemplated for use in pulmonary administra 
tion are a Wide range of delivery devices including, for 
example, nebuliZers, metered dose inhalers, and poWder 
inhalers, Which are standard in the art. Delivery of various 
proteins to the lungs and circulators system by inhalation of 
aerosol formulations has been described in Adjei et al., 
Pharm. Res., 7(6): 565-569 (1990) (leuprolide acetate); 
Braquet et al., J. Cardio. Pharm., 13(Supp. 5): s. 143-146 
(1989) (endothelin-1); Hubbard et al., Annals of Internal 
Medicine, 111(3), 206-212 (1989) (ot1-antitrypsin); Smith et 
al., J. Clin. Invest., 84: 1145-1146(1989) (ot-1-proteinase 
inhibitor); Debs et al., J. 1mmunol., 140: 3482-3488 (1933) 
(recombinant gamma interferon and tumor necrosis factor 
alpha); Patent Cooperation Treaty (PCT) International Pub 
lication No. WO 94/20069 published Sep. 15, 1994 (recom 
binant pegylated granulocyte colony stimulating factor). 

BRIEF DESCRIPTION OF THE DRAWING 

[0024] Numerous other aspects and advantages of the 
present invention Will be apparent upon consideration of the 
folloWing detailed description thereof, reference being made 
to the draWing Wherein: 

[0025] FIG. 1 is a photograph of a PVDF membrane 
containing PAF-AH puri?ed from human plasma; 
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[0026] FIG. 2 is a graph showing the enzymatic activity of 
recombinant human plasma PAF-AH; 

[0027] FIG. 3 is a schematic drawing depicting recombi 
nant PAF-AH fragments and their catalytic activity; 

[0028] FIG. 4 is a bar graph illustrating blockage of 
PAF-induced rat foot edema by locally administered recom 
binant PAF-AH of the invention; 

[0029] FIG. 5 is a bar graph illustrating blockage of 
PAF-induced rat foot edema by intravenously administered 
PAF-AH; 
[0030] FIG. 6 is a bar graph shoWing that PAF-AH blocks 
PAF-induced edema but not Zymosan A-induced edema; 

[0031] FIGS. 7A and 7B present dose response results of 
PAF-AH anti-in?ammatory activity in rat food edema; 

[0032] FIGS. 8A and 8B present results indicating the in 
vivo ef?cacy of a single dose of PAF-AH over time; 

[0033] FIG. 9 is a line graph representing the pharmaco 
kinetics of PAF-AH in rat circulation; and 

[0034] FIG. 10 is a bar graph shoWing the anti-in?am 
mation, effects or PAF-AH in comparison to the lesser 
effects of PAF antagonists in rat foot edema. 

DETAILED DESCRIPTION 

[0035] The folloWing examples illustrate the invention. 
Example 1 presents a novel method for the puri?cation of 
PAF-AH from human plasma. Example 2 describes amino 
acid microsequencing of the puri?ed human plasma PAF 
AH. The cloning of a full length cDNA encoding human 
plasma PAF-AH is described in Example 3. Identi?cation of 
a putative splice variant of the human plasma PAF-AH gene 
is described in Example 4. The cloning of genomic 
sequences encoding human plasma PAF-AH is described in 
Example 5. Example 6 desribes the cloning of canine, 
murine, bovine, chicken, rodent and macaque cDNAs 
homologous to the human plasma PAF-AH cDNA. Example 
7 presents the results of an assay evidencing the enZymatic 
activity of recombinant PAF-AH transiently expressed in 
COS 7 cells. Example 8 describes the expression of human 
PAF-AH in E. coli, S. cerevisiae and mammalian cells. 
Example 9 presents protocols for puri?cation of recombi 
nant PAF-AH from E. coli and assays con?rming its enZy 
matic activity. Example 10 describes various recombinant 
PAF-AH products including amino acid substitution analogs 
and amino and carboxy-truncated products, and describes 
experiments demonstrating that native PAF-AH isolated 
from plasma is glycosylated. Results of a Northern blot 
assay for expression of human plasma PAF-AH RNA in 
various tissues and cell lines are presented in Example 11 
While results of in situ hybridZation are presented in 
Example 12. Example 13 describes the development of 
monoclonal and polyclonal antibodies speci?c for human 
plasma PAF-AH. Examples 14, 15, 16, 17 and 18 respec 
tively describe the in vivo therapeutic effect of administra 
tion of recombinant PAF-AH products of the invention on 
acute in?ammation, pleurisy, asthma, necrotiZing entero 
colitis, and adult respiratory distress syndrome in animal 
models. Example 19 presents the results of immunoassays of 
serum of human patients exhibiting a de?ciency in PAF-AH 
activity and describes the identi?cation of a genetic lesion in 
the patients Which is apparently responsible for the de? 
ciency. 
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EXAMPLE 1 

[0036] PAF-AH Was puri?ed from human plasma in order 
to provide material for amino acid sequencing. 

[0037] A. OptimiZation of Puri?cation Conditions Ini 
tially, loW density lipoprotein (LDL) particles Were precipi 
tated from plasma With phosphotungstate and solubiliZed in 
0.1% TWeen 20 and subjected to chromatography on a 
DEAE column (Pharmacia, Uppsala, SWeden) according to 
the method of Stafforini et al. (1987), supra, but inconsistent 
elution of PAF-AH activity from the DEAE column required 
reevaluation of the solubiliZation and subsequent puri?ca 
tion conditions. 

[0038] TWeen 20, CHAPS (Pierce Chemical Co., Rock 
ford, Ill.) and octyl glucoside Were evaluated by centrifu 
gation and gel ?ltration chromatography for their ability to 
solubiliZe LDL particles. CHAPS provided 25% greater 
recovery of solubiliZed activity than TWeen 20 and 300% 
greater recovery than octyl glucoside. LDL precipitate solu 
biliZed With 10 mM CHAPS Was then fractionated on a 
DEAE Sepharose Fast How column (an anion exchange 
column; Pharmacia) With buffer containing 1 mM CHAPS to 
provide a large pool of partially puri?ed PAF-AH (“the 
DEAE pool”) for evaluation of additional columns. 

[0039] The DEAE pool Was used as starting material to 
test a variety of chromatography columns for utility in 
further purifying the PAF-AH activity. The columns tested 
included: Blue Sepharose Fast How (Pharmacia), a dye 
ligand af?nity column; S-Sepharose Fast How (Pharmacia), 
a cation exchange column; Cu Chelating Sepharose (Phar 
macia), a metal ligand af?nity column; Fractogel S (EM 
Separations, GibbstoWn, N.J.), a cation exchange column; 
and Sephacryl-200 (Pharmacia), a gel ?ltration column. 
These chromatographic procedures all yielded loW, unsatis 
factory levels of puri?cation When operated in 1 mM 
CHAPS. Subsequent gel ?ltration chromatography on 
Sephacryl S-200 in 1 mM CHAPS generated an enZymati 
cally active fraction Which eluted over a broad siZe range 
rather than the expected 44 kDa approximate siZe. Taken 
together, these results indicated that the LDL proteins Were 
aggregating in solution. 

[0040] Different LDL samples Were therefore evaluated by 
analytical gel ?ltration chromatography for aggregation of 
the PAF-AH activity. Samples from the DEAE pool and of 
freshly solubiliZed LDL precipitate Were analyZed on Super 
ose 12 (Pharmacia) equilibrated in buffer With 1 mM 
CHAPS. Both samples eluted over a very broad range of 
molecular Weights With most of the activity eluting above 
150 kDa. When the samples Were then analyZed on Superose 
12 equilibrated With 10 mM CHAPS, the bulk of the activity 
eluted near 44 kDa as expected for PAF-AH activity. HoW 
ever, the samples contained some PAF-AH activity in the 
high molecular Weight region corresponding to aggregates. 

[0041] Other samples eluted PAF-AH activity exclusively 
in the approximately 44 kDa range When they Were subse 
quently tested by gel ?ltration. These samples Were an LDL 
precipitate solubiliZed in 10 mM CHAPS in the presence of 
0.5M NaCl and a fresh DEAF pool that Was adjusted to 10 
mM CHAPS after elution from the DEAE column. These 
data indicate that at least 10 mM CHAPS is required to 
maintain non-aggregated PAF-AH. Increase of the CHAPS 
concentration from 1 mM to 10 mM after chromatography 
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on DEAE but prior to subsequent chromatographic steps 
resulted in dramatic differences in puri?cation. For example, 
the degree of PAF-AH puri?cation on S-Sepharose Fast 
How Was increased from 2-fold to 10-fold. PAF-AH activity 
bound the Blue Sepharose Fast How column irreversibly in 
1 mM CHAPS, but the column provided the highest level of 
puri?cation in 10 mM CHAPS. The DEAE chromatography 
Was not improved With prior addition of 10 mM CHAPS. 

[0042] Chromatography on Cu Chelating Sepharose after 
the Blue Sepharose Fast How column concentrated PAF-AH 
activity 15-fold. It Was also determined that PAF-AH activ 
ity could be recovered from a reduced SDS-polyacrylamide 
gel, as long as samples Were not boiled. The activity of 
material eluted from the Cu Chelating Sepharose column 
When subjected to SDS-polyacrylamide gel electrophoresis 
coincided With a major protein band When the gel Was silver 
stained. 

[0043] B. PAF-AH Puri?cation Protocol 

[0044] The novel protocol utiliZed to purify PAF-AH for 
amino acid sequencing therefore comprised the folloWing 
steps Which Were performed at 4° C. Human plasma Was 
divided into 900 ml aliquots in 1 liter Nalgene bottles and 
adjusted to pH 8.6. LDL particles Were then precipitated by 
adding 90 ml of 3.85% sodium phosphotungstate folloWed 
by 23 ml of 2M MgCl2. The plasma Was then centrifuged for 
15 minutes at 3600 g. Pellets Were resuspended in 800 ml of 
0.2% sodium citrate. LDL Was precipitated again by adding 
10 g NaCl and 24 ml of 2M MgCl2. LDL particles Were 
pelleted by centrifugation for 15 minutes at 3600 g. This 
Wash Was repeated tWice. Pellets Were then froZen at —20° C. 
LDL particles from 5L of plasma Were resuspended in 5 L 
of buffer A (25 mM Tris-HCl, 10 mM CHAPS, pH 7.5) and 
stirred overnight. SolubiliZed LDL particles Were centri 
fuged at 3600 g for 1.5 hours. Supernatants Were combined 
and ?ltered With Whatman 113 ?lter paper to remove any 
remaining solids. SolubiliZed LDL supernatant Was loaded 
on a DEAE Sepharose Fast How column (11 cm><10 cm; 1 
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[0045] Active fractions Were pooled and suf?cient 
CHAPS Was added to make the pool about 10 mM CHAPS. 
The DEAE pool Was loaded overnight at 4 ml/minute onto 
a Blue Sepharose Fast How column (5 cm><10 cm; 200 ml 
bed volume) equilibrated in buffer A containing 0.5M NaCl. 
The column Was Washed With the equilibration buffer at 16 
ml/minute until absorbance returned to baseline. PAF-AH 
activity Was step eluted With buffer A containing 0.5M 
KSCN (a chaotropic salt) at 16 ml/minute and collected in 
50 ml fractions. This step resulted in greater than 1000-fold 
puri?cation. Active fractions Were pooled, and the pool Was 
adjusted to pH 8.0 With 1M Tris-HCl pH 8.0. The active pool 
from Blue Sepharose Fast How chromatography Was loaded 
onto a Cu Chelating Sepharose column (2.5 cm><2 cm; 10 ml 
bed volume; 4 ml/minute) equilibrated in buffer C [25 mM 
Tris-HCl, 10 mM CHAPS, 0.5M NaCl, pH 8.0 (pH 7.5 also 
Worked)], and the column Was Washed With 50 ml buffer C. 
PAF-AH activity Was eluted With 100 ml 50 mM imidaZole 
in buffer C and collected in 10 ml fractions. Fractions 
containing PAF-AH activity Were pooled and dialyZed 
against buffer A. In addition to providing a 15-fold concen 
tration of PAF-AH activity, the Cu Chelating Sepharose 
column gave a small puri?cation. The Cu Chelating 
Sepharose pool Was reduced in 50 mM DTT for 15 minutes 
at 37° C. and loaded onto a 0.75 mm, 7.5% polyacrylamide 
gel. Gel slices Were cut every 0.5 cm and placed in dispos 
able microfuge tubes containing 200 p.125 mM Tris-HCl, 10 
mM CHAPS, 150 mM NaCl. Slices Were ground up and 
alloWed to incubate overnight at 4° C. The supernatant of 
each gel slice Was then assayed for PAF-AH activity to 
determine Which protein band on SDS-PAGE contained 
PAF-AH activity. PAF-AH activity Was found in an approxi 
mately 44 kDa band. Protein from a duplicate gel Was 
electrotransferred to a PVDF membrane (Immobilon-P. Mil 
lipore) and stained With Coomassie Blue. A photograph of 
the PVDF membrane is presented in FIG. 1. 

[0046] As presented in Table I beloW, approximately 200 
pg PAF-AH Was puri?ed 2><106-fold from 5 L human 
plasma. In comparison, a 3X104-fOld puri?cation of PAF 
AH activity is described in Stafforini et al. (1987), supra. 

TABLE 1 

Total Prot. Speci?c 
Activity Activity Conc. Activity % Recovery Fold 

Vol. (cpm X (cpm X (mg/ (cpm X of Activity Puri?cation 

Sample (ml) 106) 109) ml) 106) Step Cum. Step Cum. 

Plasma 5000 23 116 62 0.37 100 100 1 1 
LDL 4500 22 97 1.76 12 84 84 33 33 
DEAE 4200 49 207 1.08 46 212 178 3.7 124 
Blue 165 881 14 0.02 54200 70 126 1190 1.5 X 105 
Cu 12 12700 152 0.15 82200 104 131 1.5 2.2 X 105 
SDS-PAGE — — — — — — — ~10 2.2 X 106 

L resin volume; 80 ml/minute) equilibrated in buffer B (25 [0047] In summary, the folloWing steps Were unique and 
mM Tris-HCl, 1 mM CHAPS, pH 7.5). The column Was 
Washed With buffer B until absorbance returned to baseline. 
Protein Was eluted With an 8 L, 0-0.5M NaCl gradient and 
480 ml fractions Were collected. This step Was necessary to 
obtain binding to the Blue Sepharose Fast How column 
beloW. Fractions Were assayed for acetylhydrolase activity 
essentially by the method described in Example 4. 

critical for successful puri?cation of plasma PAP-AH for 
microsequencing: (1) solubiliZation and chromatography in 
10 mM CHAPS, (2) chromatography on a blue ligand 
af?nity column such as Blue Sepharose Fast How, (3) 
chromatography on a Cu ligand af?nity column such as Cu 
Chelating Sepharose, and (4) elution of PAF-AH from 
SDS-PAGE. 
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EXAMPLE 2 

[0048] For amino acid sequencing, the approximately 44 
kDa protein band from the PAF-AH-containing PVDF mem 
brane described in Example 1 Was excised and sequenced 
using an Applied Biosystems 473A Protein sequencer. N-ter 
minal sequence analysis of the approximately 44 kDa pro 
tein band corresponding to the PAF-AH activity indicated 
that the band contained tWo major sequences and tWo minor 
sequences. The ratio of the tWo major sequences Was 1: 1 and 
it Was therefore dif?cult to interpret the sequence data. 

[0049] To distinguish the sequences of the tWo major 
proteins Which had been resolved on the SDS gel, a dupli 
cate PVDF membrane containing the approximately 44 kDa 
band Was cut in half such that the upper part and the loWer 
part of the membrane Were separately subjected to sequenc 
ing. 
[0050] The N-terminal sequence obtained for the loWer 
half of the membrane Was: 

FKDLGEENFKALVLIAF SEQIDNO:1 

[0051] A search of protein databases revealed this 
sequence to be a fragment of human serum albumin. The 
upper half of the same PVDF membrane Was also sequenced 
and the N-terminal amino acid sequence determined Was: 

IQVLMAAASFGQTKIP SEQIDNO:2 

[0052] This sequence did not match any protein in the 
databases searched and Was different from the N-terminal 
amino acid sequence: 

MKPLVVFVLGG SEQIDNO:3 

[0053] Which Was reported for erythrocyte cytoplasmic 
PAF-AH in Stafforini et al. (1993), supra. The novel 
sequence (SEQ ID NO: 2) Was utiliZed for cDNA cloning of 
human plasma PAF-AH as described beloW in Example 3. 

EXAMPLE 3 

[0054] A full length clone encoding human plasma PAF 
AH Was isolated from a macrophage cDNA library. 

[0055] A. Construction of a Macrophage cDNA Library 

[0056] Poly A+ RNA Was harvested from peripheral blood 
monocyte-derived macrophages. Double-stranded, blunt 
ended cDNA Was generated using the Invitrogen Copy Kit 
(San Diego, Calif.) and BstXI adapters Were ligated to the 
cDNA prior to insertion into the mammalian expression 
vector, pRc/CMV (Invitrogen). The resulting plasmids Were 
introduced into E. coli strain XL-1 Blue by electroporation. 
Transformed bacteria Were plated at a density of approxi 
mately 3000 colonies per agarose plate on a total of 978 
plates. Plasmid DNA prepared separately from each plate 
Was retained in individual pools and Was also combined into 
larger pools representing 300,000 clones each. 

[0057] B. Library Screening by PCR 

[0058] The macrophage library Was screened by the poly 
merase chain reaction utiliZing a degenerate antisense oli 
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gonucleotide PCR primer based on the novel N-terminal 
amino acid sequence described in Example 2. The sequence 
of the primer is set out beloW in IUPAC nomenclature and 
Where “I” is an inosine. 

[0059] SEQ ID NO: 4 
[0060] 5‘ ACATGAATTCGGIATCYTTIGTYTGIC 
CRAA 3‘ 

[0061] The codon choice tables of Wada et al, Nuc. Acids 
Res., 19S: 1981-1986 (1991) Were used to select nucleotides 
at the third position of each codon of the primer. The primer 
Was used in combination With a primer speci?c for either the 
SP6 or T7 promoter sequences, both of Which ?ank the 
cloning site of pRc/CMV, to screen the macrophage library 
pools of 300,000 clones. All PCR reactions contained 100 ng 
of template cDNA, 1 pg of each primer, 0.125 mM of each 
dNTP, 10 mM Tris-HCl pH 8.4, 50 mM MgCl2 and 2.5 units 
of Taq polymerase. An initial denaturation step of 94° C. for 
four minutes Was folloWed by 30 cycles of ampli?cation of 
1 minute at 94° C., 1 minute at 60° C. and 2 minutes at 72° 
C. The resulting PCR product Was cloned into pBluescript 
SK- (Stratagene, La Jolla, Calif.) and its nucleotide 
sequence determined by the dideoxy chain termination 
method. The PCR product contained the sequence predicted 
by the novel peptide sequence and corresponds to nucle 
otides 1 to 331 of SEQ ID NO: 7. 

[0062] The PCR primers set out beloW, Which are speci?c 
for the cloned PCR fragment described above, Were then 
designed for identifying a full length clone. 

Sense Primer (SEQ ID NO: 5 ) 
5 ' TATTTCTAGAAGTGTGGTGGAACTCGCTGG 3 ' 

Antisense Primer (SEQ ID NO: 6) 
5 ' CGATGAATTCAGCTTGCAGCAGCCATCAGTAC 3' 

[0063] PCR reactions utiliZing the primers Were per 
formed as described above to ?rst screen the cDNA pools of 
300,000 clones and then the appropriate subset of the 
smaller pools of 3000 clones. Three pools of 3000 clones 
Which produced a PCR product of the expected siZe Were 
then used to transform bacteria. 

[0064] C. Library Screening by Hybridization 
[0065] DNA from the transformed bacteria Was subse 
quently screened by hybridiZation using the original cloned 
PCR fragment as a probe. Colonies Were blotted onto 
nitrocellulose and prehybridiZed and hybridiZed in 50% 
formamide, 0.75M sodium chloride, 0.075M sodium citrate, 
0.05M sodium phosphate pH 6.5, 1% polyvinyl pyrolidine, 
1% Ficoll, 1% bovine serum albumin and 50 ng/ml soni 
cated salmon sperm DNA. The hybridiZation probe Was 
labeled by random hexamer priming. After overnight 
hybridiZation at 42° C., blots Were Washed extensively in 
0.03M sodium chloride, 3 mM sodium citrate, 0.1% SDS at 
42° C. The nucleotide sequence of 10 hybridiZing clones 
Was determined. One of the clones, clone sAH 406-3, 
contained the sequence predicted by the original peptide 
sequence of the PAF-AH activity puri?ed from human 
plasma. The DNA and deduced amino acid sequences of the 
human plasma PAF-AH are set out in SEQ ID NOs: 7 and 
8, respectively. 
[0066] Clone sAH 406-3 contains a 1.52 kb insert With an 
open reading frame that encodes a predicted protein of 441 
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amino acids. At the amino terminus, a relatively hydropho 
bic segment of 41 residues precedes the N-terminal amino 
acid (the isoleucine at position 42 of SEQ ID NO: 8) 
identi?ed by protein microsequencing. The encoded protein 
may thus have either a long signal sequence or a signal 
sequence plus an additional peptide that is cleaved to yield 
the mature functional enZyme. The presence of a signal 
sequence is one characteristic of secreted proteins. In addi 
tion, the protein encoded by clone sAH 406-3 includes the 
consensus GxSxG motif (amino acids 271-275 of SEQ ID 
NO: 8) that is believed to contain the active site serine of all 
knoWn mammalian lipases, microbial lipases and serine 
proteases. See Chapus et al., Biochimie, 70: 1223-1224 
(1988) and Brenner; Nature, 334: 528-530 (1988). 

[0067] Table 2 beloW is a comparison of the amino acid 
composition of the human plasma PAF-AH of the invention 
as predicted from SEQ ID NO: 8 and the amino acid 
composition of the purportedly puri?ed material described 
by Stafforini et al. (1987), supra. 

TABLE 2 

Clone sAH 406-3 Stafforini et al. 

Ala 26 24 
Asp & Asn 48 37 
Cys 5 14 
Glu & Gln 36 42 
Phe 22 12 
Gly 29 58 
His 13 24 
Ile 31 17 
Lys 26 50 
Leu 40 26 
Met 10 7 
Pro 15 11 
Arg 18 16 
Ser 27 36 
Thr 20 15 
Val 13 14 
Trp 7 Not determined 
Tyr 14 13 

[0068] The amino acid composition of the mature form of 
the human plasma PAF-AH of the invention and the amino 
acid composition of the previously puri?ed material that Was 
purportedly the human plasma PAF-AH are clearly distinct. 

[0069] When alignment of the Hattori et al, supra nucle 
otide and deduced amino acid sequences of bovine brain 
cytoplasmic PAF-AH With the nucleotide and amino acid 
sequences of the human plasma PAF-AH of the invention 
Was attempt. no signi?cant structural similarity in the 
sequences Was observed. 

EXAMPLE 4 

[0070] A putative splice variant of the human PAF-AH 
gene Was detected When PCR Was performed on macroph 
age and stimulated PBMC cDNA using primers that hybrid 
iZed to the 5‘ untranslated region (nucleotides 31 to 52 of 
SEQ ID NO: 7) and the region spanning the translation 
termination codon at the 3‘ end of the PAF-AH cDNA 
(nucleotides 1465 to 1487 of SEQ ID NO: 7). The PCR 
reactions yielded tWo bands on a gel, one corresponding to 
the expected siZe of the PAF-AH cDNA of Example 3 and 
the other Was about 100 bp shorter. Sequencing of both 
bands revealed that the larger band Was the PAF-AH cDNA 
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of Example 3 While the shorter band lacked exon 2 (Example 
5 beloW) of the PAF-AH sequence Which encodes the 
putative signal and pro-peptide sequences of plasma PAF 
AH. The predicted catalytic triad and all cysteines Were 
present in the shorter clone, therefore the biochemical activ 
ity of the protein encoded by the clone is likely to match that 
of the plasma enZyme. 

[0071] To begin to assess the biological relevance of the 
PAF-AH splice variant that is predicted to encode a cyto 
plasmically active enZyme, the relative abundance of the tWo 
forms in blood monocyte-derived macrophages Was assayed 
by RNase protection. Neither message Was present in freshly 
isolated monocytes but both messages Were found at day 2 
of in vitro differentiation of the monocytes into macrophages 
and persisted through 6 days of culture. The quantity of the 
tWo messages Was approximately equivalent throughout the 
differentiation period. In contrast, similar analyes of neural 
tissues revealed that only full length message predicted to 
encode the full length extracellular form of PAF-AH is 
expressed. 

EXAMPLE 5 

[0072] Genomic human plasma PAF-AH sequences Were 
also isolated. The structure of the PAF-AH gene Was deter 
mined by isolating lambda and P1 phage clones containing 
human genomic DNA by DNA hybridiZation under condi 
tions of high stringency. Fragments of the phage clones Were 
subcloned and sequenced using primers designed to anneal 
at regular intervals throughout the cDNA clone sAH 406-3. 
In addition, neW sequencing primers designed to anneal to 
the intron regions ?anking the exons Were used to sequence 
back across the exon-intron boundaries to con?rm the 
sequences. Exon/intron boundaries Were de?ned as the 
points Where the genomic and cDNA sequences diverged. 
These analyses revealed that the human PAF-AH gene is 
comprised of 12 exons. 

[0073] Exons 1, 2, 3, 4, 5, 6, and part of 7 Were isolated 
from a male fetal placental library constructed in lamda FIX 
(Stratagene). Phage plaques Were blotted onto nitrocellulose 
and prehybridiZed and hybridiZed in 50% formamide, 0.75M 
sodium chloride, 75 mM sodium citrate, 50 mM sodium 
phosphate (pH 6.5), 1% polyvinyl pyrolidine, 1% Ficoll, 1% 
bovine serum albumin, and 50 ng/ml sonicated salmon 
sperm DNA. The hybridiZation probe used to identify a 
phage clone containing exons 2-6 and part of 7 consisted of 
the entire cDNA clone sAH 4063. A clone containing exon 
1 Was identi?ed using a fragment derived from the 5‘ end of 
the cDNA clone (nucleotides 1 to 312 of SEQ ID NO: 7). 
Both probes Were labelled With 32F by hexamer random 
priming. After overnight hybridiZation at 42° C., blots Were 
Washed extensively in 30 mM sodium chloride, 3 mM 
sodium citrate, 0.1% SDS at 42° C. The DNA sequences of 
exons 1, 2, 3, 4, 5, and 6 along With partial surrounding 
intron sequences are set out in SEQ ID NOs: 9, 10, 11, 12, 
13, and 14, respectively. 

[0074] The remainder of exon 7 as Well as exons 8, 9, 10, 
11, and 12 Were subcloned from a P1 clone isolated from a 
human P1 genomic library. P1 phage plaques Were blotted 
onto nitrocellulose and prehybridiZed and hybridiZed in 
0.75M sodium chloride, 50 mM sodium phosphate (pH 7.4), 
5 mM EDTA, 1% polyvinyl pyrolidine, 1% Ficoll, 1% 
bovine serum albumin, 0.5% SDS, and 0.1 mg/ml total 
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human DNA. The hybridization probe, labeled With 32p by 
hexamer random priming, consisted of a 2.6 kb EcoR1 
fragment of genomic DNA derived from the 3‘ end of a 
lambda clone isolated above. This fragment contained exon 
6 and the part of exon 7 present on the phage clone. After 
overnight hybridiZation at 65° C., blots Were Washed as 
described above. The DNA sequences of exons 7, 8, 9, 10, 
11, and 12 along With partial surrounding intron sequences 
are set out in SEQ ID NOs: 15, 16, 17, 18, 19, and 20, 
respectively. 

EXAMPLE 6 

[0075] Full length plasma PAF-AH cDNA clones Were 
isolated from mouse. canine, bovine and chicken spleen 
cDNA libraries and a partial rodent clone Was isolated from 
a rat thymus cDNA library. The clones Were identi?ed by 
loW stringency hybridiZation to the human cDNA (hybrid 
iZation conditions Were the same as described for exons 1 

through 6 in Example 5 above except that 20% formamide 
instead of 50% formamide Was used). A 1 kb HindIII 
fragment of the human PAF-AH sAH 406-3 cDNA clone 
(nucleotides 309 to 1322 of SEQ ID NO: 7) Was used as a 
probe. In addition, a partial monkey clone Was isolated from 
macaque brain cDNA by PCR using primers based on 
nucleotides 285 to 303 and 851 to 867 of SEQ ID NO: 7. The 
nucleotide and deduced amino acid sequences of the mouse, 
canine, bovine, chicken, rat, and macaque cDNA clones are 
set out in SEQ ID NOs: 21, 22, 23, 24, 25, and 26, 
respectively. 

[0076] Acomparison of the deduced amino acid sequences 
of the cDNA clones With the human cDNA clone results in 
the amino acid percentage identity values set out in Table 3 
beloW. 

TABLE 3 

Human Dog Mouse Bovine Chicken 

Dog 80 100 64 82 50 
Mouse 66 64 100 64 47 
Monkey 92 82 69 8O 52 
Rat 74 69 82 69 55 
Bovine 82 82 64 100 50 
Chicken 50 5O 47 50 100 

[0077] About 38% of the residues are completely con 
served in all the sequences. The most divergent regions are 
at the amino terminal end (containing the signal sequence) 
and the carboxyl terminal end Which are shoWn in Example 
10 as not critical for enZymatic activity. The Gly-Xaa-Ser 
Xaa-Gly motif (SEQ ID NO: 27) found in neutral lipases and 
other esterases Was conserved in the bovine, canine, mouse, 
rat and chicken PAF-AH. The central serine of this motif 
serves as the active site nucleophile for these enZymes. The 
predicted aspartate and histidine components of the active 
site (Example 10A) Were also conserved. The human plasma 
PAF-AH of the invention therefore appears to utiliZe a 
catalytic triad and may assume the ot/[3 hydrolase confor 
mation of the neutral lipases even though it does not exhibit 
other sequence homology to the lipases. 

[0078] Moreover, human plasma PAF-AH is expected to 
have a region that mediates its speci?c interaction With the 
loW density and high density lipoprotein particles of plasma. 
Interaction With these particles may be mediated by the 
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N-terminal half of the molecule Which has large stretches of 
amino acids highly conserved among species but does not 
contain the catalytic triad of the enZyme. 

EXAMPLE 7 

[0079] To determine Whether human plasma PAF-AH 
cDNA clone sAH 406-3 (Example 3) encodes a protein 
having PAF-AH activity, the pRc/CMV expression construct 
Was transiently expressed in COS 7 cells. Three days fol 
loWing transfection by a DEAE Dextran method, COS cell 
media Was assayed for PAF-AH activity. 

[0080] Cells Were seeded at a density of 300,000 cells per 
60 mm tissue culture dish. The folloWing day, the cells Were 
incubated in DMEM containing 0.5 mg/ml DEAE dextran, 
0.1 mM chloroquine and 5-10 pg of plasmid DNA for 2 
hours. Cells Were then treated With 10% DMSO in phos 
phate-buffered saline for 1 minute, Washed With media and 
incubated in DMEM containing 10% fetal calf serum pre 
viously treated With diisopropyl ?uorophosphate (DFP) to 
inactivate endogenous bovine serum PAF-AH. After 3 days 
of incubation, media from transfected cells Were assayed for 
PAF-AH activity. Assays Were conducted in the presence 
and absence of either 10 mM EDTA or 1 mM DFP to 
determine Whether the recombinant enZyme Was calcium 
independent and inhibited by the serine esterase inhibitor 
DFP as previously described for plasma PAF-AH by 
Stafforini et al. (1987), supra. Negative controls included 
cells transfected With pRc/CMV either lacking an insert or 
having the sAH 406-3 insert in reverse orientation. 

[0081] PAF-AH activity in transfectant supernatants Was 
determined by the method of Stafforini et al. (1990), supra, 
With the folloWing modi?cations. Brie?y, PAF-AH activity 
Was determined by measuring the hydrolysis of 3H-acetate 
from [acetyl-3H] PAF (NeW England Nuclear, Boston, 
Mass.). The aqueous free 3H-acetate Was separated from 
labeled substrate by reversed-phase column chromatography 
over octadecyisilica gel cartridges (Baker Research Prod 
ucts, Phillipsburg. Pa.). Assays Were carried out using 10 pl 
transfectant supernatant in 0.1M Hepes buffer, pH 7.2, in a 
reaction volume of 50 pl. A total of 50 pmoles of substrate 
Were used per reaction With a ratio of 1:5 labeled: cold PAF. 
Reactions Were incubated for 30 minutes at 37° C. and 
stopped by the addition of 40 pl of 10M acetic acid. The 
solution Was then Washed through the octadecylsilica gel 
cartridges Which Were then rinsed With 0.1M sodium acetate. 
The aqueous eluate from each sample Was collected and 
counted in a liquid scintillation counter for one minute. 
EnZyme activity Was expressed in counts per minute. 

[0082] As shoWn in FIG. 2, media from cells transfected 
With sAH 406-3 contained PAF-AH activity at levels 4-fold 
greater than background. This activity Was unaffected by the 
presence of EDTA but Was abolished by 1 mM DFP. These 
observations demonstrate that clone sAH 406-3 encodes an 
activity consistent With the human plasma enZyme PAF-AH. 

EXAMPLE 8 

[0083] Human plasma PAF-AH cDNA Was expressed in 
E. coli and yeast and stably expressed in mammalian cells by 
recombinant methods. 

[0084] A. Expression in E. coli 

[0085] PCR Was used to generate a protein coding frag 
ment of human plasma PAF-AH cDNA from clone sAH 








































































