HEMOSTASIS, THROMBOSIS, AND VASCULAR BIOLOGY

The elusive factor Xa receptor: failure to detect transcripts that correspond
to the published sequence of EPR-1

Guido J. R. Zaman and Edward M. Conway

The coagulation protease factor Xa in-
duces cellular responses implicated in
cardiovascular and inflammatory disease.
Effector-cell protease receptor 1 (EPR-1)
is a functionally characterized receptor of
factor Xa, and the EPR-1 complementary
DNA (cDNA) was published. Remarkably,
the cDNA encoding an inhibitor of apopto-
sis, survivin, is reportedly identical to that

of EPR-1 except for a few nucleotide

differences and its orientation opposite to
EPR-1. To isolate the EPR-1 cDNA and
gene, we surveyed gene databases for
expressed sequence tags (ESTs) that
could be derived from EPR-1. All ESTs
with strong homology to  EPR-1/survivin
were derived from survivin and could not
encode EPR-1. By polymerase chain reac-
tion and Southern blot hybridization,
EPR-1 was not detectable in the human or

murine genome, but survivin was. Our
data suggest that EPR-1 is either highly
cell-specific or the published  EPR-1cDNA
includes sequences from clones derived
from survivin messenger RNA. The means
by which factor Xa mediates its cellular
effects requires further evaluation. (Blood.
2000;96:145-148)
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Introduction

In addition to their role in maintaining hemostasis, coagulatioprotein, designated EPR-1b, that localized in the nucleivore
proteases elicit various cellular responses in vascular, mesenctecently, Altieri and coworkers reported the cloning and character-
mal, and inflammatory cell types that have been implicated imation of the humarsurvivingene, which encodes an inhibitor of
cardiovascular diseadeinflammation?3 and tumor metastasts. apoptosis? Most strikingly, the coding strand fosurvivin was
The serine protease factor Xa is one of the major late-stagknost identical to the long variant of tE#PR-1ImRNA read in the
enzymes in the blood coagulation cascade. Factor Xa actsoipposite orientatio®?
concert with the nonenzymatic cofactor, factor Va, to convert In this report we describe our attempts to isolate the human and
prothrombin into thrombin, which induces the formation of thenurineEPR-1cDNAs and genes. Our data suggest that EPR-1 is
fibrin clot by proteolysis of fibrinogen. In addition, factor Xa hasither a unique property of specific cell lines or that the published
been shown to induce mitogenedissorelaxatiod,and proinflam- EPR-1cDNA contains sequence errors or includes sequences from
matory responses® clones that were actually derived fraarvivinmRNA.

A cellular receptor for factor Xa, designated effector-cell
protease receptor 1 (EPR-1), was described by D. C. Altieri and
colleagues. The human receptor was originally identified arfaterials and methods
characterized with a monoclonal antibody raised against factor
V/Va,? which also reacted with a second generation of antibodid§rthern hybridization
raised against leukemic T cefi$The humarEPR-1complemen- The RNA probes A and B were radiolabeled wit32PJUTP using buffers
tary DNA (cDNA) sequence, published in 19%4yas obtained by from a RiboQuant Multi-Probe Ribonuclease Protection Assay System
immunoscreening an expression library of a T-cell line (MLT) withPharmingen, San Diego, CA). Multiple tissue Northern blots (Clontech,
one of the second-generation antibodies (2E1). This yieldedPalo Alto, CA) were prehybridized with 100 pg/mL of denatured salmon
partial cDNA clone that was used to screen additional cDNaperm DNA (Promega, Madison, W) and hybridized with riboprobes for 16
libraries derived from T-cell lines and human umbilical veirfours at 42°C in 50% formamide; 20 Denhardt’s solution; 10% dextran
endothelial cell lines. From 28 independent clones, a consenSy§ate: 1-moliL NaCl; 50-mmol/L Tris-HCI, pH 7.5; and 0.1% sodium

. . : -dodecyl sulfate (SDS). The membranes were washed successively for 5
EPR-1cDNA sequence of 1165 base pairs (bp) was derived, Whl(fﬁnutes at 42°C in X SSC, 0.5% SDS; for 15 minutes at 42°C in<2

was predicted to encode a protein of 337 amino acids with "WBdium chloride sodium citrate (SSC), 0.1% SDS; for 60 minutes at 37°C in
structural homology to any other known protein clé#ssn a SSC, 0.5% SDS: and for 45 minutes at 65°C in 8.8SC, 0.5%
subsequent paper, it was reported that there actually exist 2 spkgss: and exposed for autoradiography.

variants of the EPR-1 messenger RNA (mMRNA)n addition to ‘ ‘ _

the cDNA sequence described in the first pdfiersecond variant Polymerase chain reaction analysis

was described that had retained a 451-bp intervening sequence. fifi®an genomic DNA (Sigma, St Louis, MO) sarvivincDNA sequences
presence of the intervening sequence resulted in prelimingfbm I.M.A.G.E. Clone ID 590560, American Type Culture Collection,
termination of translation of EPR-1, resulting in a truncateManassas, VA) were amplified with 4 different primer sets. The sequences
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of the oligonucleotides and their position in tBER-1cDNA° andsurvivin A Survivin-probe A Survivin-probe B

gene sequencEswere as follows: primer a:’SGTCGTCATCTGGCTC- o 12345678 ‘o 12345678
CCAGCC-3, corresponding to nucleotides 864 to 884&6fR-1cDNA and

to nucleotides 3258 to 3278 in theurvivin gene; primer b: 5

CACTGGGCCAAGTCTGGCTCGTTCTC-3 nucleotides 910 to 935 in 98 3;2: 1= Spleen
EPR-1and 3207 to 3232 isurvivir primer c¢: 3-CAAGGACCACCG- ' B - i 57 e
CATCTCTAC-3, nucleotides 1017 to 1037 BPR-1and 2852 to 2872in  **~ : ol gﬁ"f}

survivin primer d: 3-CTGGCCCTTCTTGGAGGGCTGCG*3 nucleo- 24—

6 = Small intestine

tides 985 to 1007 inEPR-1and 2882 to 2904 irsurvivin Reactions — ;gas— . 1 7= Colon

. 8 = Peripheral blood

contained 200 ng of each primer and 300 ng of genomic DNA in a total leukooyte

volume of 50 pL. Thirty-five cycles of amplification were carried out with

denaturation at 94°C, annealing at 55°C, and extension at 72°C for 3 EPR-1 probe A EPR-1 probe B GAPDH

seconds each step. 12345678 12345678 12345678
Kb = Kb * Kb 1

Southern hybridization

Probes C and D were separated electrophoretically on 2% agarose ge 95— i,
Oligonucleotide probe E was end-labeled wifi2P]JATP. Genomic DNA 75

from mouse embryonic stem cells (15 pg per lane) or P1 artificial 44—
chromosome (PAC) genomic DNA (4 pg pgane) was separated on a 0.7% )

agarose gel following restriction enzyme digestion. After transfer to a nylon filter, d

the membranes were hybridized in Quik-Hyb (Stratagene, La Jolla, CA) for 1"° - -
hour and finally washed with.1% SDS, 0.5< SSC at 55°C. The filters were

then exposed for autoradiography. B
op Mo 2 3 4

4 —
5 —

500 —|
400 —|
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Results

The mRNAs forEPR-1andsurvivincan be distinguished by hybidiza-
tion with single-stranded probes. We have used probemplementary
to sequences at thé 6r 3' ends of eitheisurvivin or EPR-1to
evaluate transcription of the 2 genes from a variety of human tissues by bp

M 1 2 3 4
Northern blot analysis. As seen in Figure Bfvivinwas detected as a 500 —|
1.9-kilobase (kb) band in RNA from thymus, in agreement with ool
data from Altieri and coworker®. Additionally, the 1.9-kb band 200 —
was found in RNA from human testis, small intestine, and colon 100 —
(Figure 1A). However, hybridization of the Northern blots with 2

EPR-X-specific probes yielded 2 different patterns, indicating thaigure 1. RNA and genomic analysis of human ~ EPR-1/survivin . (A) Hybridization
the 2 probes recognized different RNA species. With probe Af multiple tissue Northern blots (Clontech) with EPR-1 or survivin RNA-specific
directed to the first 226 nucleotides BPR-1plus the first 94 riboprobes. Probe A is complementary to the first 226 nucleotides of EPR-1 plus the
. o . ” P - first 94 nucleotides of the intervening sequence. Probe B is complementary to
nucleotides of the “intervening sequence,” a hybridization patterf jcotides 664 to 972 of £PR-1 (GenBank accession number L26245). (B) PCR
similar to that shown by Altieri and coworkéfsvas obtained. This amplification of survivin genomic DNA sequences from human genomic DNA (upper
probe hybridized with a band of 2.0 kb in small intestine and colgiineh or of survivin cDNA sequences (lower panel) with 4 different primer sets (see
. . “Materials and methods”). Primer combinations used for the reactions are as follows:
and tp fainter bands at Q.9 and 6.0 kb in all RNAs on the blot.. Prohg. ;. ac: lane 2 a-d: lane 3: bc; lane 4: b-d.
B, directed to nucleotides 664 to 972 &PR-1 (numbering
corresponds to GenBank L26245), hybridized to a band of 1.6 kb in
all tissues and 1.0 kb in spleen and small intestine (Figure 1A). Themology toEPR-1/survivinwere identified (LifeSeqGold data-
identity of the transcripts detected with tB#R-1probes is unclear; base, release of October 1999), 149 of which were derived from
however, if they are derived from a single transcript, theffect a Incyte clones. Most ESTs in the Incyte database are derived from
complex pattern of tissue-specific alternative splicing events.  oligo-dT—primed cDNA libraries that are sequenced in theos'
Probes A and B were also used in ribonuclease protectidirection. “Verified reagents” are sequenced in both directions.
experiments to analyze the expressionE6fR-1and survivinin  Based on the position of the polyA tail, most Incyte clones seemed
various cell lines, including primary human umbilical vein endothege be derived from survivin coding mRNA. Five verified clones
lial cells, human aortic smooth muscle cells (Clonetics), and Jurkaere identified with sequences corresponding to the region encod-
T cells (American Type Culture Collection), which, based oing the amino terminus of EPR-1. The origin of these cDNAs was
studies with antibodies or functional studies, have previously beehecked. All 5 contained an insertion of the same C at position 102
reported to express EPR-1 or factor Xa recepttt8.While of the publishedEPR-1cDNA sequencé? A sequencing artifact is
survivinmRNA could be detected in all cell lines analyz&®PR-1 therefore unlikely. Because of a frame-shift mutation, these clones
mMRNA could not be detected (data not shown). cannot encode EPR-1. In the public EST database (European
We also surveyed the public and Incyte EST (expressédolecular Biology Laboratory, release of September 1999), 30
sequence tag) databases for sequences with strong homologgeiquences with strong homology to the amino terminus of EPR-1
EPR-1/survivin Survivin differs from EPR-1 for 5 nucleotide were identified. Based on the position of the polyA tail and other
changes and 6 nucleotide insertions and for its directionality of tisequence features, these clones could not be derivedERR:1
mRNA.2 In the Incyte database, 210 sequences with stromg the 2 databases, several tens of clones were identified that
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encompassed the region containing the putative intervening se- A B
guence characteristic f&PR-1bmRNA ! which, in the reverse
complementary orientation, is also present inghe/ivinmRNA 12

All of these clones contained the intervening sequence. Thus,
EPR-1cDNA sequences are absent in both the public and Incyte
human gene databases.

It was proposed th&PR-1andsurvivintranscripts arise from
duplicated genes clustered head to head in opposite orientétions.
However, it was not explained how the positions of intron-exon 1 kb- Lkb-
boundaries could be maintained in the reverse-oriented duplicated
genes. Notably and unfortunately, tB#R-1gene has not been
cloned. The simplest explanation for the almost perfect complemen-
tarity of theEPR-1andsurvivintranscripts is that thEPR-1gene
has originated from a chromosomal insertion of a cDNA copy of
survivin If this were true, one would expect that the introns in the 8-
survivingene would be absent in tliEPR-1gene. This is not the 2.4kb- -
case: the first and second exons of sevivingene are separated -
by a 251-nucleotide intron. The exon-intron boundary lies between 40kb- =
the nucleotides corresponding to positions 968 and 969 of the . ) . . ) )

. i Figure 2. Genomic analysis of murine EPR-1/survivin. Southern blotting of murine
EPR-1cDNA sequence. This is the part pred|Cted to encode tréﬁlbryonic stem (ES) cell genomic DNA (A, B) or PAC genomic DNA (C). The
carboxy terminal end of EPR-1. Using several different primetiembranes were hybridized with probe C in panel A, probe D in panel B, and probe E
pairs Consisting of a forward primer in exon 1 and a backwaI‘El panel C, as described in the text. Single hybridization bands, consistent with

. . . . . restriction mapping of the murine survivin gene,'” were detected.
primer in exon 2 in polymerase chain reactions (PCRs) on genomic pRIng g

DNA, we tried to identify an intronlessurvivingene. As a control, gpR-1. Hybridization signals observed were consistent with previ-
the primer pairs were also used in PCRs witsuavivin cDNA o restriction mapping data and with the known DNA sequence of
clone. Each primer set yielded a single PCR amplicon on genongjs murinesurvivingene (Figure 2CY Overall, we were unable to

DNA, as determined by agarose gel electrophoresis (Figure 1Bbtect a family of genes related sairvivin nor could anEPR-1
The length and sequences of the fragments corresponded with B@e pe identified in the murine genome.

products expected from amplification efirvivin genomic DNA
sequences. In conclusion, we found no evidence for an intronless
cDNA copy of thesurvivingene in human. Discussion

In attempts to identiffEPR-1in the murine genome, we used as
a probe a published murine EST (mc6lallrl) that was originalfiaken together, our data suggest that EPR-1 is either a unique
believed to represent the murine homologudeBR-1 From murine  property of specific cell lines or that tHeEPR-1cDNA contains
genomic DNA and several murine cDNA libraries (14.5 dpc embryg@equence errors or includes sequences from clones that were
activated T-lymphocyte, adult brain, and adult liver), we could find ngctually derived fromsurvivin mRNA. It follows, therefore, that
evidence of th&PR-1gene or cDNA. Overlapping genomic cloneshe means by which factor Xa mediates its cellular effects should be
were obtained from murine-phage and PAC genomic DNA libraries further evaluated. There is currently solid evidence supporting the
and extensively sequenced, and none had sequenséstent with that concept that one or more alternative cellular receptors for factor Xa
of EPR-1 in that we were unable to detect the mostcoding exist and, indeed, cell biological studies show that EPR-1 does not
region sequence (orientation corresponding to that of EPR-1) thagédiate the cellular effects of factor Xa in various cell typ&s!?
is reportedly unique to humaEPR-1and absent isurvivin!2The  For example, factor Xa has been shown to increase intracellular
genomic and cDNA clones, however, were consistent with murifigee calcium levels and phosphoinositide turnd¥éB The native
survivin, the genomic structural organization of which is veryzymogen) form of factor X was inactiéand a role for PAR2, a
similar to that of the human geAg!"To determine whether murine member of the protease-activator receptor (PAR) class of G
survivinrrelated genes are present within the mouse genomgotein—coupled receptors has been sugge8@dnother candi-
embryonic stem cell genomic DNA was analyzed by Southern blghte receptor for factor Xa is the recently discovered PARZ,
hybridization using different cDNA and genomic DNA probesvhich was reported to be activated at high (nonphysiologic)
(Figures 2). Probe C, lipni-Bglil approximately 2.3-kb fragment concentrations of factor X&. Finally, several cDNAs encoding
obtained from the murinsurvivin PAC genomic clone, lies 3.6 kb receptors homologous to the PARs have been identified in EST
5 of exon 1, and probe D, &ad-Apad approximately 1.4-kb sequencing projec®:241t is anticipated that one or more of these
fragment, lies 4.5 kb '3 of exon 4! Hybridization of the may prove to be a functional receptor for factor Xa, findings that
radiolabeled probes with embryonic stem cell genomic DNA#ill provide further insights into the biologically wide spectrum of
digested with a variety of restriction enzymes identified singlectivities of factor Xa and other similar serine proteases.
prominent bands, suggestive of the presence of a single gene
(Figures 2A and 2B). Murinesurvivin PAC genomic DNA was
similarly digested with multiple restriction enzymes and prObeAcknowIedgments
with the cDNA oligonucleotide probe E. The sequence of the
oligonucleotide (5TGGCTGCGCCTTCCTCACTGT), derived We thank Mr P. Vink, Ms S. Pollefeyt, and Ms M. Steiner-Mosonyi
from exon 3 of murinesurvivin, is 80% identical to the reverse for technical assistance, Dr P. v. d. Spek for bioinfolinsatand
complement of a portion of the cDNA reportedly encoding humalmcyte Pharmaceuticals for use of the LifeSeqGold database.
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