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SUMMARY: The 5'-flanking region and the first four exons of a gene encoding
human cytosolic phospholipase A2 (cPLA2) were isolated from a human AEMBL3
genomic library and sequenced. The 5'-flanking region is characterized by CA repeats,
one of microsatellites. The analysis of the 5'-flanking region with transcription factor
database suggests the existence of the transcription factor binding sites such as NF-xB,
NF-IL6, AP-1, AP-2, and PEA3. These factors are well known to be induced or
activated by the reagents (tumor necrosis factor o, interleukin-1, epidermal growth
factor, and phorbol myristate acetate) reported as the inducers of a cPLA2 gene.
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Cytosolic phospholipase A2 (cPLA2) selectively catalyzes the liberation of
arachidonic acid from membrane phospholipids in response to extracellular stimulation
(1-3). This reaction is a rate-limiting step for arachidonic acid cascade. Arachidonic
acid and its metabolites such as eicosanoids play an important role in the various
physiological and pathological processes (4-9). cPLA2 is purified from human
monoblast U937 (3, 10) and its cDNA is also cloned (11, 12). The deduced amino
acid sequence has no similarity to the well known secretary PL.A2s, but contains a
homologous structure to the C2 region of protein kinase C (11, 12).

The expression of cPLA2 gene has been reported to be induced by various
reagents. Hulkower et al. (13) demonstrated that cPLA2 activity is increased 3 to 4-
fold by interleukin-1g (IL-1g) in human rheumatoid synovial fibroblast. Also, in
human epithelial carcinoma cell line HEp-2, tumor necrosis factor a (TNF-a) increases
the activity and furthermore the effect is inhibited by glucocorticoids (14). These

*The sequence data reported in this paper will appear in the GSDB, DDBJ, EMBL, and
NCBI nucleotide sequence databases with the following accession number: D38176,
D38177, and D38178.
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effects require the long-term exposure of the reagents for 14 to 18 h, suggesting that the
expression of a ¢cPLA2 genc may be induced or suppressed. In fact, the protein level
has been found out to be increased after 24 h incubation with IL-1a in human lung
fibroblast WI-38 using Western blot analysis (15). Further, Nakamura et al. (16)
recently reported a biphasic increase in cPLA2 mRNA level by macrophage colony-
stimulating factor (M-CSF) in human monocytes. A monotonic increase in the mRNA
level has also been reported by Maxwell et al. (17) using rat renal glomerular mesangial
cells stimulated with epidermal growth factor (EGF) or phorbol myristale acetate
(PMA), and by Hoech et al. (18) using human fibroblast Hel.a cells stimulated with
TNF-a. However, the mechanism of the genc cxpression remains unknown. In this
report, we isolated the promoter region and the first four exons of human ¢PLA?2 from

genomic library.

MATERIALS AND METHODS

A human placenta genomic library of Sau3A1 partial digests in Aphage EMBL3
SP6/T7 (Clonetech, USA) was plated at 1 x 105 plaques per plate. Replica filters of 2
X 10° plaques of the library were made using Hybond N+ membrane (Amersham,
England). The filters were hybnidized according to the manufacturer's
recommendations with a 231 bp partial ¢cDNA for human cPLA2 covering the
nucleotide sequence from 36 to 266 (12). The cDNA was cloned using mRNA of
human U937 cells by reverse transcription-mediated PCR. The probe was labeled with
[a-32PJdCTP (Amersham, England) by PCR (19). Isolation of Aphage DNA,
restriction mapping, and Southern blot analysis were performed by standard methods
(20). DNA fragments were subcloned into Bluescript KS(+) vector (Stratagene, USA)
and the nucleotide sequence was determined by the dideoxy nucleotide chain
termination methods using a Sequenase kit (USB, USA) or a BcaBEST DNA
Polymerase kit (Takara Shuzo Co.Itd., Japan). Transcription factor binding sites were
analyzed with transcription factor database (21).

RESULTS AND DISCUSSION

In order to isolate the promoter region of a ¢cPLA2 gene, a human genomic
library was screened using a cDNA probe covering 103 bp noncoding region and 128
bp coding region. The screening resulted in a genomic clone covering 15 kbp, two
overlapping clones covering 27 kbp, and two overlapping clones covering 15 kbp (Fig.
1). A restriction map was cstablished and DNA fragments hybridizing to cDNA probe
were sequenced. The boundary between exon and intron was determined by
comparing the genomic nucleotide sequences with that of human cPLA2 ¢cDNA (11, 12)
and consequently first four exons were identified. Exon 1 contained at least 63 bp of
noncoding region. Exon 2 contained both 69 bp of noncoding and 33 bp of coding
region. Exons 3 and 3' contained 82 bp and 33 bp of coding regions, respectively.
The nucleotide sequences at splicing junctions agreed with a consensus sequence for
splicing donor acceptor site (GT/AG rule) (22). The genomic clone APLI-3 extended
about 7 kbp downstream of exon 1 and APLI-5 extended about 18 kbp upstream of
exon 2. However, their restriction maps showed no overlap, nor they hybridized to
each other. This indicates that the first intron may be longer than 25 kbp. Also, we
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Figure 1. Map of genomic clones containing human cytosolic phospholipase A2
sequences. The genomic gene structure is shown with exons represented as boxes and
the locations of the isolated phage clones are shown below the gene. Restriction sites
for EcoRI are indicated by E. The nucleotide sequence data reported in this paper will
appear in the GSDB, DDBJ, EMBL, and NCBI nucleotide sequence databases with the
following accession numbers: D38178 for the promoter region, the first exon, and the
first intron, D38176 for exon 2, and D38177 for exons 3 and 3.

could find out no overlap between the downstream of exon 2 and the upstream of exon
3, indicating that the second intron may be longer than 8 kbp. Therefore, these data
suggest that a human cPLA2 gene may be consisted of a huge genomic DNA covering
longer than 50 kbp.

The 110 bp nucleotide sequence of exon 1 and the upstream was aligned with
that of rat reported by Tay et al. (23). The sequence of human showed a high
homology of 76 % to that of rat (Fig. 2). Especially, the sequence around the
transcription initiation site rcported in rat was highly conserved in that of human.
Therefore, the transcription might initiate at the same position as that of rat. The search
of DNA binding element revealed TATA-box consensus sequence situated at -397,
-559, -975, -1679, -1741, -2867, -2882, and -3516, and CCAAT-box like element at
-1850. The transcription strictly initiates at about 25 bp or about 75 bp from TATA-
box or CCAAT box, respectively (24, 25). All positions of searched TATA-box and
CCAAT-box like elements did not agree with the rule and therefore the transcription of
cPLA2 gene is unlikely to initiate at these typical promoter sites. Also, we could not
find other known initiator elemcnts (26, 27).

The 4178 bp nucleotide sequence containing the 5'-flanking region, the first
exon, and the first intron was determined. Fig. 3 shows the first exon, the first intron,

HUMAN CTTTAATTCC ACCTTAAAAC ATCTGCAAAA GCGCAAGGAG ACCAGCCCAC A’I‘T’I‘TAGC(C
RAT CTTGAATTCC ACCTTAA—-C ATC-—CA —————— CA--GAG P:xéCAG(‘SCCAT TTC’I"I‘AGC(C
HUMAN CTCCTACT-~ CAGGATAAGA C’I‘TTCTCTAA G CCGgAGC GAAAAAGGAT CC
RAT CTCCTACCAG CGGGAGAAGA CTTTCTCAAA GTC GGAACT GTGAAGGGCT CC

Figure 2. Alignment of nucleotide sequences surrounding the transcription initiation
sites in human and rar. The mat nucleotide sequences are reported by Tay et al. (23).
The alignment of the two sequences was camied out using "Gene Works"
(IntelliGenetics, Inc., USA). The sequences for first exons are underlined and colons
mark the nucleotide identities.
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Figure 3. Nucleotide sequence of the 5' region of human cytoplasmic phospholipase
A2 gene. The sequence is numbered from the putative transcription initiation site. The
underline and the dotted underline represent the first exon. The underlined exon was
identified by comparing the genomic sequence with that of ¢cDNA (11,12). The dotted-
underlined exon was extended by comparing human genomic sequence with that of rat

as shown in Fig. 2.
shown by double underline.

Putative transcription controlling sequences and CA repeats are
Further S'-flanking nucleotide sequence 1s available

through the accession number D38178 in the GSDB, DDBJ, EMBL, and NCBI
nucleotide sequence databascs,

and 1.35 kbp sequence of the upstream. The 5'-flanking region is characterized by CA
repeats, one of microsatellites, at -263 and T repeated sequence as long as 46 bp around
-1366. The putative transcriptional regulatory elements were searched by using
transcription factor database (21). Two potential SP1 binding sites are situated at -1706
and -2582. A modified NF-xB element is found at -1099. Also, five NF-IL6 elements
are located at -1330, -1714, -2962, and -2975, and -3030. These factors are well
known to be induced or activated by IL-1 (28) which induces a cPLA2 gene in human
rheumatoid fibroblast (13) and human lung fibroblast WI-38 (15). Recently, we found
the gene induction by IL-18 in rat C6 glioma cells (29) in which NF-xB is reported to
be rapidly activated by IL-1p (30). Although aspirin and sodium salicylate, anti-
inflammation drugs, is well known to inhibit cyclooxygenase in prostaglandin
production, Kopp and Ghosh (31) reported that these drugs inhibit the activation of
NF-kB by preventing the degradation of [xB, an inhibitory protein of NF-xB. These
data suggest that the activation of NF-xB may play an important role in the induction of
¢PLA2 gene by IL-1. NF-«xB is activated not only by IL-1, but also by TNF and PMA
which have been reported as the inducer in human epithelial carcinoma cell lines HEp-2
(14), Hel a cells (18), and rat renal glomerular mesangial cells (17). In addition to
classical AP-1 element at 282 and -2096, allowing for one base-pair mismatch, three
modified AP-1 elements are noted at -193, -2922, and -3580. Further, six AP-2
elements are located at -996, -2344, -2350, -2355, -2357, and -2751. Five PEA3
elements are situated at 172, -313, -1775, -1938, and -3057. These factors are known
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to be induced by PMA or EGF which induce ¢PLA2 gene in rat renal glomerular
mesangial cells (17). Although glucocorticoids inhibit the induction by TNF-a in HEp-
2 cells (14) and Hel a cells (18) and that by IL-1a in WI-38 cells (15), a glucocorticoid
responsive element clement is found at 267 within the first intron. In addition, we
could find out two OCT elements at -374 and -3122 and two C/EBP elements at -1714
and -2962. Thus, the putative transcription factors are closely related to the inducers of
cPLA2 gene. Further, the promoter sequence is characterized by three clusters of the
putative transcription control sites. First is one NF-xB, one NF-IL6, and one AP-2
clement around -1000. Second is one SP-1, one NF-IL6, one AP-1, four AP-2, two
PEA3, and one C/EBP element around -2000. Third is three NF-IL6, one AP-1, one
AP-2, one PEA3, one OCT, and one C/EBP element around -3000.

The sequence of exon 3' was identical to that of the latter half of exon 3.
Further, the sequences of the following introns exhibited a high homology of 92 %,
allowing for 14 bp mismatch of 176 bp, although the intron between exons 3 and 3'
has only 195 bp long. In contrast, the upstream regions showed no homology. Exon
3' may be originated from the repeat of exon 3 and the following intron by a
recombination. This leads to a possibility of the regulation of cPLLA2 gene expression
by an altemative splicing mechanism although thc subtype has remained unknown.
The detailed transcriptional regulation is currently investigated.
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