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Structure of the human cyclo-oxygenase-2 gene
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Cyclo-oxygenase (Cox), a rate-limiting enzyme in the synthesis
of prostanoids, is encoded by two genes, Cox-1 and Cox-2, which
are differentially expressed and regulated. Human Cox-1 and -2
polypeptides share 61 %, primary sequence identity. While the
expression of Cox-1 is maximal in quiescent cells, Cox-2 ex-
pression is induced by growth factors and cytokines. We have
screened a human genomic library with a probe from the 5'-
untranslated region (UTR) of the human Cox-2 (hCox-2) cDNA
and isolated two overlapping genomic clones. We have de-
termined the DNA sequence of 0.8 kb upstream of the tran-
scription start site, 6 kb of protein coding region, which includes
10 exons and 9 introns, as well as 2.5 kb of the 3’-UTR. The

structures of the hCox-1 and hCox-2 and the murine TIS10
(Cox-2) genes are highly conserved, with a few exceptions. The
3’-UTRs of the Cox-1 and -2 genes are distinct; for example, the
largest exon in the Cox-2 gene encodes the entire 3’-UTR,
containing 22 copies of the ‘AUUUA’ RNA instability element.
Sequence analysis of the 5’-flanking region has shown several
potential transcription regulatory sequences, including a TATA
box, a C/EBP motif, two AP-2 sites, three SP1 sites, two NF-«xB
sites, a CRE motif and an Ets-1 site. These efforts serve as a basis
for future studies on transcriptional and post-transcriptional
mechanisms of Cox-2 gene regulation.

INTRODUCTION

The cyclo-oxygenase (Cox) enzyme (EC 1.14.99.1) catalyses the
oxidation of arachidonic acid into prostaglandin H, [1]. The
enzyme is encoded by two related genes, Cox-1 and Cox-2 [2].
The Cox-1 gene is constitutively and ubiquitously expressed,
while the Cox-2 gene is only expressed at high levels upon
induction by growth factors, cytokines and extracellular stimuli
associated with cell activation [2]. Many cell types associated
with inflammation, such as monocytes, endothelial cells and
fibroblasts, express the Cox-2 gene upon induction [3]. Previous
studies from our laboratory have shown that the tumour
promoter phorbol 12-myristate 13-acetate (PMA) and the cyto-
kine interleukin-1 (IL-1) induce the Cox-2 transcript in vascular
endothelial cells, synovial fibroblasts and rheumatoid arthritic
synovial explants [4,5]. In endothelial cells, induction by IL-1«
involves both transcriptional activation and post-transcriptional
regulation of Cox-2 mRNA stability [5]. In synovial fibroblasts,
as well as in primary explant tissues from rheumatoid arthritic
patients, the induction of Cox-2 was completely suppressed by
the anti-inflammatory steroid dexamethasone [6]. However, the
molecular mechanisms involved in induction by cytokines as well
as in suppression by steroids are not known. To better define the
structural elements involved in the regulation of expression, we
now report the complete nucleotide sequence of the hCox-2 gene.

EXPERIMENTAL
Genomic Southern blot

A 300 bp fragment of the 5’-untranslated region (UTR) of Cox-
2 [4] was used to probe a human genomic Southern blot. The
fragment was labelled with [**P]JdCTP using a random-primed
DNA labelling kit (Boehringer Mannheim). Human genomic

DNA (Clontech) was digested with the Sacl restriction endo-
nuclease. Fragments were resolved on a 19, agarose gel and
transferred to a Zetaprobe membrane (Bio-Rad). The membrane
was hybridized at 65 °C using the Church and Gilbert hybrid-
ization method [7] and exposed for autoradiography at — 70 °C.

Library screening

The 300 bp radiolabelled cDNA probe derived from the 5-UTR
of the Cox-2 cDNA was used to screen an EMBL-3 SP6/T7
human placenta genomic library in the EMBL-3 SP6/T7 vector
(Clontech). Approx. 1 x 10® plaque-forming units were plated
on NMS538 cells, transferred to a Colony/Plaque Screen
Hybridization Transfer Membrane (New England Nuclear) and
hybridized as described under Southern blot analysis. Two
positive clones, 9C and 23B, were plaque-purified and further
characterized by restriction analysis with Sacl, followed by
Southern blot analysis as previously described.

Restriction fragments from clone 9C were subcloned into pBS
SK+/— (Stratagene), and deletions were made by the exo-
nuclease II1/mung bean nuclease method (Promega Biotech).
Sequence analysis was done using M13 universal primers with
DyePrimer cycle sequencing chemistry [Applied Biosystems Inc.
(ABI)] and sequence-specific primers with DyeTerminator cycle
sequencing chemistry (ABI) followed by analysis on the ABI
373A Automated Sequencer. Oligonucleotide primer pairs were
designed from the cDNA sequence of Cox-2 on both sides of
each potential intron (introns 3-9). The approximate size of each
intron was determined by PCR analysis using 10 ng of A DNA of
clone 23B as a template and 0.5 ug of each primer. Introns 3-9
and exon 10 were sequenced in both directions directly from the

Abbreviations used: (h)Cox, (human) cyclo-oxygenase; UTR, untranslated region; PMA, phorbol 12-myristate 13-acetate; IL-1, interleukin-1; HUVEC,
human umbilical vein endothelial cells; CAT, chloramphenicol acetyltransferase.
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GenBank, EMBL and DDBJ Nucleotide Sequence Databases under accession no. U04636.
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A DNA of clone 23B using sequence-specific oligonucleotide
primers and the DyeTerminator cycle sequencing chemistry.

Primer extension analysis

An oligonucleotide was designed from the 5-end of the hCox-2
c¢DNA sequence (5 GCGGGGGTAGGCTTTGCTGTCTGA
3") and end-labelled with T4 polynucleotide kinase (BRL). Total
cellular RNA from human umbilical vein endothelial cells
(HUVEQC) treated with PMA and cycloheximide for 4 h was
isolated using the guanidine isothiocyanate method [8]. Approx.
0.7 ng of labelled primer was hybridized with either 30 ug of
HUVEC RNA or 50 ug of yeast tRNA for 16 h, then extended
by Moloney murine leukaemia virus reverse transcriptase (BRL)
at42 °Cfor 1.5 h[9). Products were analysed on a 6 %, sequencing
gel.

3’-end mapping

RNA was isolated from PMA- and cycloheximide-treated
HUVEC as described above and converted to cDNA using
100 ng of dT,,-Adaptor primer (5 GACTCGAGTCGA-
CATCGAT,, 3")[12]} and 400 units of Moloney murine leukaemia
virus reverse transcriptase (BRL) at 37 °C for 1 h. The cDNA
was then amplified by PCR using 2.5 units of AmpliTaq polymer-
ase (Perkin-Elmer Cetus), 500 ng of Adaptor 1 (5" GACTCGA-
GTCGACATCG 3¥') and 500 ng of human Cox-2 (hCox-2) 3'-
UTR sequence-specific primers (primer 1, 5 AGCTATCTG-
TAACCAAGATGGATG 3’; primer 2, ¥ TGTCTTATTAG-
GACACTATGGTT 3'). The PCR reaction consisted of 10 mM
Tris/HCI, pH 8.3, 5 mM KCl, 200 uM of each of dATP, dCTP,
dGTP and dTTP, and 1.5 mM MgCl,, and was run for 35 cycles
at 94 °C for 1 min, 58 °C for 2 min, and 72 °C for 3 min. The
fragments were analysed on a 1%, agarose gel. The fragment
derived from primer 1 was purified, subcloned into the vector
pCRII (Invitrogen) and sequenced using DyeTerminator
sequencing (ABI).

RESULTS
Isolation of hCox-2 genomic clones

To isolate hCox-2 genomic clones, a 300 bp 5 fragment of the
Cox-2 cDNA [4] was utilized as a probe. Southern blot analysis
of human genomic DNA digested with the Sacl restriction
enzyme yielded a 6 kb band that hybridized to the radiolabelled
Cox-2 probe. This probe was used to screen a human placenta
genomic library in the phage vector EMBL3 SP6/T7. Two
positive clones were plaque-purified and further characterized.
Restriction analysis of the clones 9C and 23B with Sacl followed
by Southern blot analysis with the 300 bp S cDNA probe
resulted in hybridization to 2.8 and 6 kb bands respectively.
Southern blot analysis of these clones with labelled oligo-
nucleotide probes derived from different regions of the Cox-2
cDNA was also performed. All of the coding region was
contained within clone 23B, whereas clone 9C hybridized only to
the probe derived from the 5’-end of the cDNA. These two clones
were further characterized by DNA sequencing.

DNA sequence determination of Cox-2 genomic clones

The 3'-terminal 2.6 kb Sacl fragment of clone 9C was subcloned
and the DNA sequence was determined by the exonuclease
deletion method as described. This fragment encoded 0.8 kb of
5’-flanking region and exons 1-3. The A DNA for clone 23B was

used directly for DNA sequence determination. The entire
sequence of both strands was determined. The composite DNA
sequence of the 5’-flanking region, 10 exons encoding the entire
open reading frame, the exon—intron boundaries and the 3’-UTR
is shown in Figure 1.

The 5’-flanking region

The transcription start site of the Cox-2 gene was determined by
the primer extension assay using total RNA from HUVEC. As
shown in Figure 2, a discrete band was observed using the
HUVEC RNA but not the tRNA, indicating that the initiation
of transcription begins from a single site. A consensus TATA
box sequence was found 25 bases upstream from the transcription
start site. The nucleotide sequence of approximately 800 bp of
the 5’-flanking region is indicated in Figure 1. In this 5-UTR
there are several potential transcriptional regulatory sequences,
including two NF-«B sites, two AP-2 sites, three SP1 sites, one
CRE site, one C/EBP motif and one Ets-1 site (Figure 1).

The coding region

The open reading frame of the Cox-2 gene is encoded by 10
exons. The amino acid sequences of each exon from the hCox-1
and -2 genes are compared in Table 1 [4,11]. Cox-2 exon 1
encodes the putative signal peptide region and is only 149,
identical in amino acid sequence to the corresponding exon of
Cox-1. The 5-UTR and the first four amino acids of the hCox-
1 gene are encoded by an additional exon. The remaining exons
are between 52 and 75 9%, identical at the amino acid level, with
the exception of exon 3, which showed only 38 9, identity.

The 3'-flanking region

In order to determine the 3-end of the Cox-2 gene, we mapped
the tail of the Cox-2 mRNA in HUVEC using primers 1 and 2
and the dT,,-Adaptor [12]. RNA from PMA- and cycloheximide-
treated HUVEC was reverse-transcribed into cDNA and PCR-
amplified {12]. As shown in Figure 3, a single band was amplified
from each primer pair, indicating that the Cox-2 gene is termin-
ated at a single site in PMA- and cycloheximide-induced HUVEC.
The resulting fragments were cloned and the sequence was
determined. This sequence was found to be identical to the
corresponding region from the A clone 23B. Thus the entire 3’-
UTR is contained within exon 10. Interestingly, there are three
polyadenylation motifs found in the 3’-UTR (Figure 1). However,
the single band obtained from the 3’-amplification PCR (Figure
3) suggests that only the final polyadenylation signal is used by
PMA- and cycloheximide-treated HUVEC. It is noteworthy that
exon 10 is significantly larger than exons 1-9 and contains 410 bp
of the coding region and all 2550 bp of the 3’-UTR. The 3’-UTR
of the Cox-2 mRNA is approximately 1.5 kb longer than that of
the Cox-1 transcript and contains 22 copies of the AUUUA
motif (Figure 1) that has been associated with the RNA instability
of other inducible transcripts [13].

DISCUSSION

To determine the complete nucleotide sequence of hCox-2, a
portion of the cDNA sequence was used to screen a human
genomic library. Two clones, 9C and 23B, were isolated and
characterized. While clone 9C contains only exons 1-3, clone
23B has been found to contain at least 800 bp of 5’-flanking
region, the entire open reading frame, consisting of 10 exons and
9 introns, and the entire 3’-UTR. The structural format of the
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-831 gagctcacattaactattt aactgett att tta =172 3902 AGCATCCTGAATGGGGTGATGAGCAGTTGTTCCAGACAAGCAGGCTAATACTGATAGgtA 3961
H PEWGDETUGOQOLT FQTSURLTILTIG

-771 cctt ctctt gaaggt tattt -712 3962 aa..... Intron 7 (272 bp}..... 8atagGAGAGACTATTAAGATTGTGATTGAA 4266
SP1 ETIKIUVIE

=711 cttcegt t 144 tga. tage -652 4267 GATTATGTGCAACACTTGAGTGGCTATCACTTCAAACTGAAATTTGACCCAGAACTACTT 4326
DY VQ HL S G Y HPXULXUPDUZPETLTL

-651 tatttcattccacaaaataagagttttttaaaaagctatgtatgtatgtgctgcatatag -592 4327 TTCAACAAACAATTCCAGTACCAAAATCGTATTGCTGCTGAATTTAACACCCTCTATCAC 4386
F N K Q P QY QNRTIAWRMETFNTTLTYH

-591 at at cgtcactaaaacataaaacatgtcagcctttcetta -532 4387 TGGCATCCCCTTCTGCCTGACACCTTTCAAATTCATGACCAGAARATACAACTATCAACAG 4446
CRE W HPLL PDTU FOQTIHDUGQIKTYNTYQQ

-531 acctt, aaaga -472 4447 TTTATCTACAACAACTCTATATTGCTGGAACATGGAATTACCCAGTTTGTTGAATCATTC 4506
SP1 F I YNN S I LLEHTGTITOQTFVESTF

-471 -412 4507 ACCAGGCAAATTGCTGGCAGGgtaag. .. .. Intron 8 {491 bp)..... cacagGT 5030
NFXB T R Q I A G R v

-411 cagattcct ccrtetg -3s52 5031 TGCTGGTGGTAGGAATGTTCCACCCGCAGTACAGAAAGTATCACAGGCTTCCATTGACCA 5090
Ets-1 A GG RNVPUPAV QK UV S QA S I DO

-351 gatcagt te t -292 5091 GAGCAGGCAGATGAAATACCAGTCTTTTAATGAGTACCGCAAACGCTTTATGCTGAAGCC 5150
§ R Q M XK Y Q S FNEYZRIKU BRVPFMLIEK?P

-291 ¢t -232 5151 CTATGAATCATTTGAAGAACTTACAGgtaag..... Intron 9 (476 bp)..... ca 5658

AP-2 SP1 Y E S F E EL TG

-231 =14 gctcccaaat tggg ccgat -172 5659 AAAGGAA PGC: AGCACTCTATGGTGACATCGATGCTGTGG 5719
NFXB E K EM S A ELEALYGDTIUDAVE

-171 tttctcattteegtyggy! ttttttaagg -112 5720 AGCTGTATCCTGCCCTTIC AA, CTCGRCCAGATGCCATCTT AACCA 779
AP-2 C/EBP L Y P ALLVEZEKTZPRUPDATIUPGTETM

-111 tttgt tcac -52 5780 TGGTAGAAGTTGGAGCACCATTCTCCTTGAAAGGACTTATGGGTAATGTTATATGTTCTC 5839
V EV G A PF SL KGLMGNUVTIUGCSUP

—

-51 atgggcttggttttcagtcrtat. tct AATTGTCA 9 $840 CTGCCTACTGGAAGCCAAGCACTTTTGGTCGAGAAGTGGGTTTTCAAATCATCAACACTG 5899
A Y WK UPSTUPGGEVGF QI INTA

10 TACGACTTGCAGTGAGCGTCAGGAGCACGTCCAGGAACTCCTCAGCAGCGCCTCCTTCAG 69 5900 CCTCAATTCAGTCTCTCATCTGCAATAACGTGAAGGGCTGTCCCTTTACTTCATTCAGTG 5959
§ I Q 8 L I CNNVIEKSGT CUZPFPTSZP SV

70 CTCCACAGCCAGACGCCCTCAGACAGCAAAGCCTACCCCCGCGCCGCGCCCTGCCCGOCE 129 5960 TTCCAGATCCAGAGCTCATTAAAACAGTCACCATCAATGCAAGTTCTTCCCGCTCCGGAC 6019
P DPELTII KTV VTTINA MAMSSSRSGL

130 CTCGGATGCTCGCCCGCGCCCTGCTECTETGCGCGETCCTGGCGCTCAGCCATACAGLY 189 6020 TAGATGATATCAATCCCACAGTACTACTAMAAGARCGTTCGACTGAACTGTAGaagtcta 6079

M L ARALLTLTCAVLATLSTHTA 0ObINPTVLLZXTERSTETL ®*
190 ag..... Intron 1 (790 bp}..... tgcagCAAATCCTTGCTGTTCCCACCCATGT 1012 6080 ttatttarctat at t. atatt 6139

N P C C 8 H P C
6140 tatattaaactccttatgttacttaacatcttctgtaacagaagtcagtactcctgttge €199

1013 CAAAACC 'GTAT GTGGGATTT "CAGTATAAGTGCGATTGTACCCGG 1072 6200 cata. tttatgtcactactctaaagattttgetgttg 6259

O NR GV CMSVGFDG QYZ XKCDTCTR 6260 ctgttaagt teee tttat tttg 6319

6320 acgtctttttacttgaatttcaa ttgaata 6379

1073 ACAGGATTCTATGGAGAAAACTGCTCAACACgtaag..... Intron 2 {110 bp).. 1108 6380 ct at tte tcgatgtttccaa 6439

T G F Y G ENUZC S T P 6440 tgcatc tagaagtaa ttt tttggtt 6499

6500 atttttctgtcat t t tattaaatgaatatttaaatta 6559

1219 . ..tgcagCGGAATTTTTGACAAGAATARAATTATTTCTGAAACCCACTCCAAACACAGT 1275 6560 coagtaattt ctactttttaaa ttgaaa 6619

E F L TRTIIKULTFLZIEKUPTUPNTUV 6620 tttctaaattcatagggt g tcttaaagttatta 6679

6680 aacttgt 6739

1276 GCACTACATACTTACCCACTTCAAGGGATTTTGGAACGTTGTGAATAACATTCCCTTCCT 1335 6740 ttttactacaatt tgatg a 6799

HY I LTHTFZ KTGTPUWNTVTVNIENTITPFTL 6800 taaacctttt oty trattaa 6859

6860 ggt taagaatattttgttgagatattccaga 6919

1336 TCGAAATGCAATTATGAGTTATGTCTTGACATgtaag. .. .. Intron 3 (643 bp}. 1372 6920 atttgt aa tctacctttaaa 6979

R NAIMSYVLTS 6980 t taggtttaaacttttgaa 7039

7040 ttrtttttatect tt tt 7099

1373  ....ttcagCCAGATCACATTTGATTGACAGTCCACCAACTTACAATGCTGACTATGGCT 2071 7100 atgtrttc 7159

R S HLIDSZPUPTTYNA ADTYGY 7160 tttaattt agca. 7219

7220 caaaatgcttaaattcatttcacacattaattttatctcagtcttgaagecaattcagta 7279

2072 ACAAAAGCTGGGAAGCCTTCTCTAACCTCTCCTATTATACTAGAGCCCTTCCTCCTGTGC 2131 7280 tggaat tgttocttttotttt 7339

K S W EAVF S NLSYJYTRALTPEPVE 7340 cattttgctaagagacacagtcttctcatcacttogtttotcctattttgttttactagt 7399

7400 tttaaga ttcactt atttectt tttge 7459

2132 CTGATGATTGCCCGACTCCCTTGGGTGTCAAAGgtgag..... Intron 4 (420 bp) 2169 7160 aagttttcaggt Lt toctet: taaaa 7519

DDPCPTUPLGVKSG 7520 g agtatacacttattttaagtgaaaagcagagaa 7579

7580 ttttatttatagctaattttagctatctgt gec 7639

25380 ..... ttcagGTAAAAAGCAGCTTCCTGATTCAAATGAGATTGTGGAAAAATTGCTTCTA 2644 7640 t g ttacyg 7699

K KQLPDSNETITVTETZ KTLTLL 7700 ccctttottattt ctaagtagttct aata 7759

7760 atgacgataatacttcttttccacatctcattgtcactgacatttaatggtactgtatat 7819

2645 AGAAGARAGTTCATCCCTGATCCCCAGGGCTCAAAC. TTGCATTCTTTGCCCAG 2704 7820 tacttaatttattgaagattattatttatgtcttattaggacactatggttataaactgt 7879

R R XK F I PDVPQG S NMMTPFATFTFAQQ 7880 gtttaagcctacaatcattgatttttttttgttatgtcacaatcagtatattttctttgg 7939

7940 ggttacctctctgaatattatgtaaacaatccaaagaaatgattgtattaagatttgtga 7999

2705 CACTTCACGCATCAGTTTTTCAAGACAGATCATAAGCGAGGGCCAGCTTTCACCAACGGG 2764 8000 ATAAAtttttagaaatctgattggcatattgagatatttaaggttgaatgtetgtcctta 8059

H FTHOQTFRTPFTEKTTDUHTEKTE RGTPA AFTTHNSG 8060 ggataggcctatgtget at aa 8119

8120 gactgaccttttaaaatgttttgagggatctgtggatgocttegttaatttgttcagecac 8179

2765 CTGGGCCATGGGgtaag..... Intron 5 (722 bp)..... tctagGTGGACTTAAA 3519 8180 aattta tgggttttaatatttttaaatcaaac 8239

L G HG vV DLN 8240 gctgattacagataatagtatttatataaataattgaaaaaaattttcttttgggaagag 8299

8300 AATAA aact cttctttacaattttac 8359

3520 TCATATTTACGGTGAAACTCTGGCTAGACAGCGTAAACTGCGCCTTTTCAAGGATGGAAR 3579 8360 gttt tttaaggtt atgettgtat tca 8419

R I ¥ G ETULARZGQRIKTILRTLTFIKTDGK 8420 ctgttttttttaaasaaaaaacttgatttgttattaacattgatctgctgacaaaacctg 8479

8480 tg gttt tgtatttaacttat 8539

3580 AATGAAATATCAGgtatg..... Intron 6 (109 bp)..... tttagATAATTGATG 3721 8540 gtaaaagataagtctggaAATAAALgL. tttttg! Lt 8599
M XK Y Q I I DG 8600 a

3722 gagagatgtatcctcccacagtcaaagatactcaggcagagatgatctaccctectcaag 3781
E M Y P P TV KDTOQAZEMMTIYZPUPOQUV

3782 TCCCTGAGCATCTACGGTTTGCTGT TTTGGTCTGGTGCCTGGTCTGA 3841
P EHLRFAV G QEVV FGULVZPGTLNM

3842 TGATGTATGCCACAATCTGGCTGCGGGAACACAACAGAGTATGCGATGTGCTTAAACAGG 3901
M Y AT I WLUREHNURVYVCDUVLIKGQE

Figure 1 Nucleotide sequence of hCox-2

The nucleotide sequence of the hCox-2 gene, including the 5’-flanking region and the 3"-UTR, is shown. Upper case letters are exon sequences. Exon—intron junctions are shown with intron sequences
in lower case letters and the number of nucleotides omitted is indicated in parentheses. Potential transcriptional regutatory sequences are underlined, the TATA box is outlined, and the transcriptional
start site is indicated with a closed arrow. The amino acid sequence is designated directly below the first nucleotide of the corresponding codon. The termination codon is indicated with an asterisk.
In the 3"-UTR, the 22 copies of the sequence ATTTA, which has been associated with rapidly degraded RNA messages, have been underlined, and the three AATAAA polyadenylation sequences
are in capitalized italics.
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Figure 2 Primer extension analysis

Control yeast tRNA or total cellular RNA isolated from PMA- and cycloheximide-treated HUVEC
was hybridized to a radiolabelled oligonucleotide corresponding to the hCox-2 sequence
approximately 120 bp from the TATA consensus sequence, reverse-transcribed, and analysed
on a 6% sequencing gel. Lanes A, C, G and T contain a sequencing ladder, fane 1 contains
the yeast tRNA control, and lane 2 contains the HUVEC RNA. The single band seen corresponds
to the first base of transcription, 25 bp downstream of the TATA hox.

Table 1 Amino acid identity of hCox-1 and hCox-2

Exon number refers to the hCox-2 sequence; the numbers below each gene refer to the amino
acid position of each corresponding exon. The percentage identity was determined from the
amino acid sequence.

Exon hCox-1 hCox-2 identity (%)
1 4-32 1-18 14
2 33-71 19-57 59
3 72-118 58-105 38
4 119-166 106-153 "
5 167-226 154-213 73
6 227-254 214-241 75
7 255-337 242-324 70
8 338432 325419 65
9 433-482 420469 52

10 483-599 470604 57

coding region of the hCox-2 gene is highly similar to that of the
mouse counterpart [14]. However, the genomic region of the
murine 3-UTR has not been reported.

The transcription start site, determined by primer extension
analysis, was found 25 bp downstream of a conventional TATA
box. The 800 bp of the 5’-flanking region has several potential
transcriptional regulatory sequences, including two NF-«B sites,
two AP-2 sites, three SP1 sites, one C/EBP motif, one Ets-1 site
and one CRE site. Transfection of the 5'-flanking region of the
Cox-2 gene fused to the chloramphenicol acetyltransferase (CAT)
reporter gene into Cox cells results in significant expression of
CAT activity (results not shown). This suggests the functionality

Figure 3 3’-end mapping of hCox-2

Total cellular RNA was isolated from PMA- and cycloheximide-treated HUVEC and reverse-
transcribed using dT,,-Adaptor 1 primer. The ¢cDNA was amplified using Adaptor 1 and 3"-UTR
specific primers 1 and 2. Lane 1 contains the PCR product from 3'-UTR primer 1, and fane
2 the PCR product from 3-UTR primer 2. The 1 kb band from primer 1 and the 0.7 kb band
from primer 2 correspond to the expected fragment length from the final polyadenylation site.

of the 5’-flanking region for efficient transcription initiation. The
Cox-2 gene is known to be transcriptionally induced by serum,
phorbol esters, forskolin and IL-1 in a variety of cell types [2,3].
It will be of interest to determine the contribution of the potential
cis-acting sequences in the transcriptional induction of the gene
in human cells.

The Cox-2 gene consists of 10 exons and 9 introns; it lacks,
similar to the murine TIS10 [15], the exon in Cox-1 which
encodes the putative signal peptide. The remaining exons are
identical in length to those in both Cox-1 and TIS10, with the
exception of the varying lengths of the 3'-UTR [11,14,16). Amino
acid residues that were shown to be critical for enzymic catalysis
by the sheep Cox-1 protein are also conserved in hCox-2: the
axial haem binding site (His?**) in exon 7, the distal haem binding
site (His®™*) in exon 8, the active-site tyrosine (Tyr*™) in exon 8
and the aspirin acetylation site (Ser®!®) in exon 10 [17,18]. The
N-terminal active-site region of exon 10-encoded polypeptide is
highly similar between the two isoenzymes; however, hCox-2
contains a unique 18-amino-acid insertion in the C-terminal
region which contains a potential N-linked glycosylation site.
hCox-2 exons 2 and 4-10 show between 52 %, and 75 %, identity
to Cox-1 exons. Exon 3 in the Cox-2 gene possesses the lowest
sequence identity with the corresponding region of the hCox-1
gene (38 % identity at the amino acid level). A recent crystallo-
graphic model of the corresponding region of the ovine Cox-1
protein suggested that it encodes four short amphipathic helical
segments (A-D) which comprise the membrane attachment site
[19]. In addition, the model predicts that the helices A-D form
the entrance for substrate molecules into the ‘cyclo-oxygenase
channel’ from the phospholipid bilayer [19]. It will be of interest
to determine the contribution of the highly divergent exon 3-
encoded membrane-attachment site in the differential polypeptide
stabilities and enzyme activities of the two Cox isoenzymes [20].

One notable feature of the Cox-2 gene structure is that exon 10
is very large. It includes not only the final 410 bp of the coding
region, but also 2550 bp of the 3’-UTR. There are no introns
present in the 3-UTR. The 3"-UTR has three potential poly-
adenylation sequences, approximately 280 bp apart from each
other. PCR analysis of cDNA from HUVEC treated with PMA
and cycloheximide using a primer upstream of the first site
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suggested only the distal polyadenylation signal is used by
HUVEC. The large number of AU-rich elements [13], which has
been associated with rapidly degraded messages in the 3’-UTR of
Cox-2, suggests a high turnover of Cox-2 mRNA. Indeed, the
Cox-2 transcript in Cos-7 cells has been shown to be less stable
than the Cox-1 mRNA [4]. In endothelial cells, Cox-2 mRNA is
induced by both PMA and IL-1 [4,5] Recent data have suggested
that the IL-1a induction mechanisms include both transcriptional
activation and post-transcriptional mRNA stabilization [5].
Future studies will focus on the structural elements of RNA that
are involved in the rapid and regulated degradation of the Cox-
2 transcript.

In conclusion, we have determined the complete gene structure
of the hCox-2 gene. This work will serve as a basis for studying
the transcriptional and post-transcriptional controls of Cox-2
expression.

We thank Mark Evans for computer assistance, Dave DeWitt for transcription factor
database analyses, and Javier G. Barriocanal and Jeff Winkles for critical reading of
the manuscript. This work is supported by NIH grant HL49094 to T.H.
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