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A tyrosine703serine polymorphism of CD109 defines the Gov

platelet alloantigens

Andre C. Schuh, Nick A. Watkins, Quang Nguyen, Nicholas J. Harmer, Martin Lin, Joseph Y. A. Prosper, Kate Campbell,
D. Robert Sutherland, Paul Metcalfe, Wendy Horsfall, and Willem H. Ouwehand

The biallelic platelet-specific Gov antigen
system—implicated in refractoriness to
platelet transfusion, neonatal alloimmune
thrombocytopenia, and posttransfusion
purpura—is carried by the glycosylphos-
phatidylinositol (GPI)-linked protein
CD109. The recent identification of the
human CD109 complementary DNA
(cDNA) has allowed the molecular nature
of the Gov alleles to be elucidated. By
using reverse transcriptase—polymerase
chain reaction (RT-PCR) to amplify CD109
cDNAs from 6 phenotypically homozy-
gous Gov @ and Gov PP individuals, we
have determined that the Gov alleles dif-
fer by an Ato C single nucleotide polymor-
phism (SNP) at position 2108 of the cod-

ing region, resulting in a Tyr/Ser
substitution at CD109 amino acid 703.
Allele-specific PCR sequence-specific
primers (SSP), PCR-restriction fragment
length polymorphism, and real-time PCR

studies of 15 additional donors (5 Gov 2,5

Govb?, and 5 Gov @) confirmed that this
SNP correlates with the Gov phenotype.
In addition, Chinese hamster ovary cells
transiently expressing nucleotide 2108
A>C CD109 cDNA variants were recog-
nized specifically by allele-specific Gov
antisera, indicating that this polymor-
phism defines the Gov alloantigenic deter-
minants. Real-time PCR was then used to
genotype 85 additional Gov phenotyped
donors. In all but 3 cases, genomic test-

ing concurred with the Gov phenotype.
Repeat testing corrected 2 of these dis-
crepancies in favor of the genotyping
result. The third discrepancy could not be
resolved, likely reflecting low-level CD109
expression below the sensitivity of the
phenotyping assay. We conclude that the

Gov alleles are defined by a 2108 A >C

SNP that results in a Tyr703Ser substitu-
tion of CD109 and that genotyping stud-
ies are more accurate for Gov alloantigen
determination than are conventional sero-
logic methods. (Blood. 2002;99:1692-1698)

© 2002 by The American Society of Hematology

Introduction

The biallelic Gov antigen system is carried by the platelen limited supply and of variable quality, and often contain HLA,
membrane protein CD10% The CD109 antigen, first describedand sometimes HPA, alloantibodies as well. Second, CD109 also
on activated T cells and platelet$$ is also found on endothelial expresses the ABH antigefsThird, CD109 expression on plate
cells and on a subset of primitive bone marrow progenitor arelts is low (approximately 200& 400 molecules per thrombin-
candidate hematopoietic stem célsAlthough the precise func activated platelét¥), and in addition shows significant interindi
tion of CD109, a monomeric glycosylphosphatidylinositol (GPI)vidual variability, such that reliable phenotyping is sometimes
anchored glycoprotein of approximately 170 Ki3,not known, its precluded by very low-level expression. Finally, as the CD109
recent identification as a novel member of 42M/C3, C4, C5 protein is readily released from the platelet membrane (presumably
family of thioester-containing proteins suggests that it may d&y GPI anchor cleavage), phenotyping must be performed on fresh
capable of mediating covalent cell-substrate and cell-cell interacticsemples?! The elucidation of the molecular nature of the Gov
(see accompanying article by Lin et'@lpage 1683). alleles would permit genotypic Gov determination, thereby obviat-
Gov alloantibodies are implicated in refractoriness to platel@ig the difficulties associated with phenotypic analysis.
transfusion (PR) and can cause neonatal alloimmune thrombocyto-As the Gov epitopes are unaffected by deglycosylation but are
penia and posttransfusion purpdré:*2 Until recently, however, disrupted by sodium dodecyl! sulfate denaturafidris likely that
the importance of the Gov antigens in alloantibody-mediatdtie Gov alloantigens reflect differences in the primary CD109
platelet destruction has not been defined. We have recently shaamino acid sequence. Our recent identification of the human
that the incidence of Gov alloantibodies, especially in PR patientSP109 complementary DNA (cDNAJ has allowed us to compare
is high with an incidence exceeded only by those directed agaitisé nucleotide sequences of the 2 putative CD109 Gov alleles.
the human platelet antigen 1 (HPA-1) system antigénfort-  Analysis of CD109 cDNAs derived from the platelet messenger
nately, Gov phenotyping by serologic techniques is problematic fRNA of 6 donors of known Gov phenotype (3 Géand 3 Go¥)
several reasons. First, the polyclonal antisera that are required i@neealed an allele-specific A to C single nucleotide polymorphism
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(SNP) at nucleotide 2108 of the coding sequence that results ifmeubating 12QuL RNAwith 12 L oligo dT primer at 70°C for 10 minutes
Tyr703Ser substitution in the CD109 protein. Expression studiégd rapidly transferring to 4°C. Next, 6L SuperRT reverse transcriptase
using allele-specific CD109 cDNA variants confirmed that thi§dT Biotechnology, Cambridge, United Kingdom; 420 U/mL), .4
SNP was sufficient for the formation of the Gov aIIoantigeni@';";?Oen'Ez'f?:rorastg‘SS&]M(z;Oe”;‘zﬁaaN'\_"najd\';g:]e’ ;/li”c;e(c)iﬁa‘t\?’t hior:;ction
deFermlnants. PCR-SSP, PCR-res_trlctlon fragment_length poné?)_lume was b,rought to 30QL with RNAse-free Wa,ter. cDNA was
phism (RFLP), and Tagman real-time PCR genomic DNA analy

. . Sé?nthesized at 42°C for 40 minutes.
were subsequently developed to permit donor genotyping.

PCR amplification and DNA sequence analysis of
CD109 cDNAs

Materials and methods
Platelet cDNA was used as the template for PCR amplification of CD109

Donor panels sequences in 8 overlapping segments that spanned the entire open reading
. frame (ORF; Table 1). PCR reactions (gQ) containing 1X PCR buffer
Three donor panels comprising samples from a total of 106 aphere&ﬁe Technologies, Burlington, ON, Canada), 1.5 mM MgC200 M
donors were analyzed: panel 1, 6 donors_ @ @m,d 3 Got") whose each dNTP, 1uM each primer, 1.25 U Taq polymerase (Life Technologies),
CD109 cDNAs were sequenced to determine the difference k;etween thgr% 3uL cDNA underwent 40 cycles of 94°C (45 seconds), primer-specific
Gov alle!eS; panel 2, 15 blood group O donors (5 8o Gov*, and_ 5 annealing temperature (Table 1; 45 seconds), and 72°C (45-60 seconds),
Gowb) with Gov phenotype confirmed by 2 or more monoclonal am'bOdyﬂsing a Perkin Elmer 2400 thermocycler. PCR products (&) were
specific immobilization of platelet antigens (MAIPA) assays; and panel geparated electrophoretically on a 1.2% agarose/TAE gel containing 1
85 additional donors whose Gov phenotypes were determined once Ppa/ml_ ethidium bromide, bands were excised, and DNA was purified by
_MAIPA' iny donors with platelet counts more than‘ 15,0109/L were using the QIAquick gel extraction kit (Qiagen, Mississauga, ON, Canada).
|nc|ud_ed in the 3 panels. Al san_1p|es were obtalned W't_h |nformed Conse@équencing reactions (348 purified product per reaction) were carried
and with the approval of the National Blood Service ethics review board.Out by using the Thermosequenase Cy5.5 dye terminator sequencing kit
(Amersham Pharmacia Biotech) with the use of either the initial amplifica-
tion primers (Table 1) or selected internal CD109-specific primers as
Determination of the Gov phenotype of platelets of all donors wappropriate. Sequences were subsequently analyzed by using the Open
performed by the modified MAIPA ass&y26 using well-characterized Gene automated DNA sequencing system (Visible Genetics, Toronto, ON,
polyclonal Gov-specific antisera and the CD109 monoclonal antibodyanada). In parallel, PCR products were cloned iRmé-digested
(mADb) D2 (gift of R. W. Finberg, Boston, MA), as described previodsly. PMAB1, a pBS SK() (Stratagene, La Jolla, CA) derivative containing a
Chinese hamster ovary (CHO) cells transiently expressing Gov allel@Md restriction site within the polylinker. Resultant plasmid clones were
specific cDNAs (10 cells per assay) were characterized by MAIPA a@nalyzed by alkaline lysis/restriction digestion, and, as appropriate (and
describe# but using the CD109 mAb TEA 2/16 (Pharmingen, Sarollowing an additional overnight 13% polyethylene glycol/1.6 M NaCl

Gov phenotyping by MAIPA assay

Diego, CA). precipitation), by DNA sequence analysis.
By combining direct PCR sequencing and the analysis of subcloned
RNA extraction and cDNA synthesis fragments, we ensured that the DNA sequence of each PCR-derived cDNA

fragment was obtained independently at least twice. Each fragment was
Total platelet RNA was prepared from panel 1 donors by using RNAequenced fully in both directions.
STAT-60 messenger RNA isolation reagent following the manufacturers
protocol (Tel-Test, Friendswood, TX). Briefly, ® 10'° platelets were xpression of Gov @ and Gov b CD109 cDNAs in CHO cells
homogenized in 1 mL RNA STAT-60, 0.2 volume of chloroform was addedE,
and the mixture was centrifuged at 12 @ofor 15 minutes. RNA was On the basis of the presence of an A at position 2108 of the coding region,
precipitated from the aqueous layer by adding 0.5 volume isopropanol amar recently identified human CD109 cDNA (clone Klyas shown to
spinning at 12 00@ for 15 minutes at 4°C, washed in 70% ethanol, andorrespond to the putativ€o\? allele. To construct a full-lengtiGow
resuspended in 40Q.L of RNAse-free water. cDNA was prepared bycDNA, a 572-base pair (bp) fragment encompassing nucleotide 2108 was

Table 1. CD109-specific oligonucleotide polymerase chain reaction primers

Fragment Sense primer Antisense primer Size (bp) Ta(°C)

1 K1-80 (—24) K1-650 (544) 568 59
5'-GTAGCCCAGGCAGACGCC-3 5'-GTGACAACCACTGTTGGATCAA-3

2 K1-1 (445) K1-1120 (1014) 570 50
5'-CGCATTGTTACACTCTTCTC-3 5'-TACATTTCTTGAAATACCTG-3

3 K1-1022 (910) K1-REV-1 (1747) 838 50
5'-GATTCTTCAAATGGACTTT-3 5'-GGCTGTGTCACAGAGATC-3

4 K1-1400 (1291) GSP1 (2165) 875 55
5'-TGAATTCCCAATCCTGGAGGA-3 5’-GCCACCCAAGAAGTGATAGA-3

5 K1-M43 (1898) 6R4N (2998) 1101 56
5'-TTCAGGAATGTGGACTCTGG-3 5'-CGGCTTCAAGGAAACATCT-3

6 K1-3080 (2948) 1-5N (3859) 912 56
5'-CTGGGAGCACTTGGTTGTCA-3 5'-CAGCAACATCTAAATCAAAGGC-3

7 K1-3570 (3462) 7U3N (4337) 876 50
5'-ACAATTTCAGACTTCTGAGG-3 5'-CACAGCCAAAGTTCCATA-3

8 K1-3920 (3812) K1-4600 (4489) 678 55
5'-GACGAAGATCTATCCAAAATC-3 5'-GCTAGGACCTGTTGTACACC-3

Primer pairs used for the polymerase chain reaction (PCR) amplification of 8 overlapping CD109 complementary DNA (cDNA) fragments spanning the entire open reading
frame (ORF) are shown. The position of the 5’ end of each oligonucleotide with respect to the published CD109 cDNA sequencel? is noted in parentheses. The CD109 ORF
encompasses nucleotides 1 to 4335. The size of each PCR product (in base pairs) and the annealing temperature (T,) used for the corresponding primer pair are listed.
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generated by PCR from platelet cDNA from one of the original @ov United Kingdom) for 90 minutes at 60°C as recommended by the
donors, using oligonucleotide primers K1-2019-GTGGACTCTGGG- manufacturer. The restriction pattern was subsequently analyzed in a 2.5%
TATTGACAGATGC-3) and K1-2591R (5CCGTTGGATTTCTGAT- agarose/TBE gel containing Ou2y/mL ethidium bromide.

GTCC-3). Digestion withBstX| and Sad (MBI Fermentas, Burlington,

ON, Canada) produced a 147-bp fragment that was then insertefadto Allele-specific real-time PCR analysis

(partial)BstXI-digested pBS/K1’, yielding pBS/K1b. The fidelity of the L d orob desianed f . )
PCR-derived portion of the resulta@o\’ cDNA and the presenced a C at Genomic primers and probes were designed for genotyping using Tagman

position 2108 were then verified by DNA sequence analysis. A 2088-l.r>§""|-t"|7_]e PCRI) tec_gnology. Reé;?g];\%vg:g.??gﬁreggﬁ#fg?g A«_arach of
BsnBI/BsEll (MBI Fermentas) fragment of pBS/K1b was then inserte%_?__r%,'gonuc eoti edpférggiAGAAGTGATAGAATCAGGTACAGT-
into the BsnBI/BstEll-digested expression vector pK1/YFP yielding -3 (sense) an )

pK1b/YFP. The presence of th@o allele in the final construct was TAC-3 (ant@e_nse) in a total yolume Of_ 48 containing 1uL genomic
confirmed by restriction digestion wiBsNI. DNA. In addition, each reaction contained 100 nM of the FAM-labeled
CHO cells were grown, plated, and transfected withytDpKL/YFP, Gowvspecific probe S5TATTATCTTGACTTCAGTTACAGGATTTAC

pK1b/YFP, or control pIRES-EYFP (Clontech, Palo Alto, CA) plasmioC,AAGAATTTG'?" and 200 nM of the VIC-labeled Gbxspeciﬁc probe
DNA, using Lipofectamine and OPTI-MEM | medium (Life Technologies)’. -TATTATCTTGACTTCAGTTCCAGGATTTACCAAGAAT-3'. Reac-

as describeél After 40 to 45 hours, transfected cells were harvested arﬂ?ns were incubated at 5900 for 2 minutes ando 95°C for 10 minute_s,
washed as describédand analyzed by MAIPA in parallel with untrans '©lowed by 40 cycles of 95°C (15 seconds) and 64°C (60 seconds). Allelic
fected control CHO cells discrimination was determined by using a post-PCR plate reader (PE 7700,

Perkin Elmer).

DNA sequence analysis of introns flanking Gov @b
polymorphism-bearing CD109 exon

Results

To facilitate genomic DNA analyses of thgov alleles, the intron/exon

junctions of the exon bearing the putative Gov-specific nucleotide substif@ov phenotyping

tion, as well as the DNA sequence of the flanking introns, were determined. . )
Specifically, CD109 cDNA-specific oligonucleotides binding in the vicinity! "€ Gov phenotyping by MAIPA of the 106 donors tested is shown
of this substitution were used for the direct sequencing of p4L10, B Figure 1. Interestingly, the strength of reactivity with the
pCYPAC-1-derived PAC genomic clone bearing the human CD109 loc@ov-specific antisera was found to vary considerably among
(J.Y.A.P. and A.C.S., unpublished observation, August 2000), followed lgonors, especially in Gov homozygotes. Such variability under-

the alignment of cDNA and corresponding genomic sequences. scores the present difficulties in Gov phenotyping. Indeed, in 3 of
the 106 cases analyzed, the initial reaction with the Gov-specific
PCR-SSP analysis of Gov 2" alleles antisera was so weak that erroneous phenotyping results were

GowP allele-specific antisense oligonucleotide primers differing by a sing%btalned (see below).
3’ nucleotide (5TTCAAATTCTTGGTAAATCCTGT-3 [Gow]; 5'-

TTCAAATTCTTGGTAAATCCTGG-3 [GoV]) were combined with a
common sense primer binding in the adjacent introRABGACCTTAT-  The complete CD109 ORF was amplified from the platelet cDNA

GATGACCTATTC-3), yielding a 225-bp product. Oligonucleotide prim-of the 6 donors in panel 1 by using the oligonucleotide primers
ers that amplify a 429-bp fragment of the human growth hormone gene

(sense, 5GCCTTCCCAACCATTCCCTTA-3; antisense, 5TCACG-
GATTTCTGTTGTGTTTC-3) were used as control. To each PCR tube 3.0
were added 2L of 100 ngfL genomic DNA in distilled HO, 1 L 10 X

PCR buffer (160 mM [NH],SQ,, 15 mM MgCh, 670 mM Tris-HCI pH 8.8,

and 0.1% wt/vol Tween 20), 042L of a mixture of ANTPs (2.5 mM each of 2.5 -
dATP, dCTP, dGTP, and dTTP; Perkin Elmer, Cambridge, United King-
dom), 1p.L each of allele-specific primer and common primer (0N final o
concentration), JuL each of control primers (0.tM final concentration),

2.8 pL distilled H,0, and 0.35 U Taq DNA polymerase (Sigma, Poole,
United Kingdom). Thirty-three amplification cycles (96°C for 60 seconds; e,
96°C for 25 seconds, 70°C for 45 seconds, 72°C for 30 seconds (5 cycles)g
96°C for 25 seconds, 65°C for 45 seconds, 72°C for 30 seconds (20 cycles)s 1.5 1
96°C for 25 seconds, 51°C for 45 seconds, 72°C for 30 seconds (8 cycles)ﬁ
and 72°C for 3 minutes) using a Hybaid Omnigene thermocycler with
heated lid. PCR products were size-separated electrophoretically ina 2.5% 1.0 -
agarosel/tris borate EDTA (TBE) gel containing Qg@mL ethidium bromide.

PCR amplification and sequence analysis of CD109 cDNAs
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A 448-bp fragment containing the Gov SNP was obtained by PCR o o
amplification of genomic DNA using the oligonucleotide primers 5 0.0 MDEEDDD 5H
TTTAGATTATTTTGGCTT-3' (sense) and 'SATGGTTAGTTCAGGT- : ! T
CAA-3' (antisense). To each PCR tube were addgdL.4of 100 ngf.L 0.0 0.5 1.0 _1'5 . 20 25 3.0
genomic DNA in distilled HO, 2 uL of 10 x PCR buffer, 0.4uL of a Anti-Gov

mixture of dNTPs (2,5 mM of each), 2L of each primer (0_5LM final Figure 1. Gov phenotyping of the 106 donors analyzed. Platelets from 106 donors
concentration), 9.2uL distilled H,0, and 0.7 U Taq DNA polymerase. were tested for Gov phe_nptype by MAIPA using well-characterized Gov? and GovP
Reactions subsequently underwent 30 amplification cycles (96°C for ﬁpﬂsera.Ant|serum-specmc absorbance values (490 nm) are shown. Panel 1 donors,

lled circles; panels 2 and 3 donors, squares. Vertical and horizontal dotted lines
. o o °
seconds; 96°C for 25 seconds, 53°C for 45 seconds, 72°C for 30 Secom&ﬁate Gova and GovP positivity, respectively, as defined by mean reactivity (+ 3

[30 cycles]; and 72°C for 3 minutes). PCR product (i1, without further  spy with control AB sera in the 106 samples examined. The 3 panel 3 donors not
purification, was digested with 5 BsiNI (New England BioLabs, Hitchin, exhibiting concordance of phenotype and genotype are shown as filled squares.
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listed in Table 1. PCR products were sequenced directly or after 1.8
subcloning, as appropriate. Overall, the sequence of each fragment
was obtained independently at least twice in both directions, such 18
that the entire CD109 ORF was assessed unambiguously for all 6 i i
donors. Our strategy was expected to amplify cDNA sequences
corresponding to both chromosomal copies of CD109. We antici-  _ ,, |
pated, therefore, that putative Gov allele-specific sequence differ-  E
ences would not only correlate with the phenotyping results and §1.a E
would result in an amino acid substitution, but also that @aud g
Gow® individuals would be homozygous for such differences, £ 08 4
whereas they could potentially be heterozygous for other unrelated ';?
CD109 polymorphisms. Consistent with this notion, a single 08
homozygous SNP was found. This polymorphism showed concor- .
dance with the Gov phenotyping and resulted in an amino acid
substitution. Although the CD109 cDNA sequences of the 3%Gov b3
donors corresponded to that previously isolated in our laboratory
from a KG1a libraryt? the 3 cDNAs derived from G@¥% donors 0 s
. . . . . 0O o oo 0O 4o o o 0O o o o
contained an adenine at nucleotide 2108 instead of a cytosine TLEELE T L TE % &
(Figure 2). Codon 703 of CD109 therefore changes from TAC 2 %3 2 3 3% 2 % 3
(Gowd) to TCC (GoV), resulting in a Tyr/Ser substitution. ° § § ° § é ° § E
0 o 0 o o o
Transient expression of Gov - and Gov P-specific CD109 cDNAs - i G i Co

To confirm that the Gov alloantigens were defined by the Tyr703S@gure 3. MAIPA analysis of ~Gov® and Gov” transfectants. CHO cells were

. _ ansfected with Gov&/YFP-, Gov?/YFP-, or control YFP-expressing plasmid vectors
p0|ym0rphlsm of CD109, we eXpressed full Iength CD109 CDNAgnd analyzed by MAIPA by using well-characterized Gov? and Gov® antisera and

Containing either A (GOQ) orC (GO\P) at nucleotide 2108 in CHO control blood group AB sera. Anti-Gov? and anti-Gov® sera react only with Gov2- and
cells and analyzed the transfected cells by MAIPA. As shown igov*-expressing cells, respectively. The increased signal produced with the anti-

Flgure 3, although anti-Géwserum reacted with cells expressmgGo" serum reflects thg k_nown higher titer of this reagent.** Three independent AB
sera produced results similar to the AB serum data shown. CHO, untransfected cells;

the putativeGo* allele but not theGoV allele, anti-Gob serum CHO YFP, cells transfected with the empty vector pIRES-EYFP; CHO Gov@/YFP,

reacted onIy with cells expressi@_p\ﬁ. cells transfected with the Gove-expressing pIRES-EYFP derivative pK1/YFP; CHO
GoVP/YFP cells transfected with the GovP-expressing pIRES-EYFP derivative pK1b/
PCR-SSP analysis YFP. Error bars indicate + 2 SD from the mean, based on 2 experiments each

performed in duplicate.
To facilitate subsequent genotyping of the Gov alleles, the exon

bearing the putative Gov-specific nucleotide substitution identified . . - . o
above and the flanking introns were defined by genomic DN nalysis. As illustrated in Figure 5A, these primers amplified a 225

sequencing. Nucleotide 2108 was found to lie 3 nucleotides fronllj productin an aliele-specific manner. Of atotal of 21 phenotyped
samples analyzed (panels 1 and 2), complete concordance between

the 5 end of the corresponding exon (subsequently identified ) - .
exon 19 [J.Y.A.P. and A.C.S., unpublished observation, Januf’r?/:R SSP analysis and phenotyping was observed.

2001]; Figure 4). On the basis of these sequence data, a pairPafR-RFLP analysis

allele-specific antisense primers and a third common sense primer

binding in the adjacent intron were designed to permit the detectift® €D109 nucleotide 2108°AC substitution introduces BsNI
of the nucleotide 2108 AC SNP in genomic DNA by SSP restriction site on the putativ@o\’ allele. By using genomic DNA
from panel 1 and 2 donors, we amplified by PCR a 448 bp CD109

genomic fragment containing the nucleotide 2108 SNP and di-
gested the PCR products wiBsiNI. As illustrated in Figure 5B,
BsiNI digestion resulted in allele-specific restriction fragment
patterns:Gov?2, 285 and 163 bpGowvb, 285, 81, and 82 bp; and
N Gowb, 285, 163, 81, and 82 bp. The sense PCR primer was chosen
L so that theGoW-specific digestion of the 163 bp band would yield 2
A/ unresolvable bands of 81 and 82 bp, thereby maintaining the
4 d intensity of the smaller product under UV illumination. Concor-

G A dance between PCR-SSP and PCR-RFLP analysis was observed in
all cases.

- 2108

- 2113

Allele-specific real-time PCR analysis

To facilitate high throughput Gov genotyping without the require-
f A N ment for post-PCR manipulation, CD109 nucleotide 2108 A- and
G G G T T c ¢ A G G A C-specific probes were designed for Tagman-based allele-specific
Figure 2. An A/C SNP at position 2108 of the CD109 cDNA defines the Gov real-time PCR. The analysis of panel 1 and 2 samples by this
alloantigens. CD109 cDNA sequences flanking nucleotide 2108 and derived froma  approach (Figure 6) showed complete concordance with Gov
Govaa. (top panel) or a GovP? (bottom panel) panel 1 dono.r are shown. Nucleot?de phenotype and with the results of PCR-SSP and PCR-RFLP analysis.
coordinates correspond to the CD109 cDNA sequence of Lin et al.X? The nucleotide . . .

Real-time PCR-based genotyping agreed with the known Gov

2108 SNP is concordant with the Gov phenotyping and results in an amino acid - -
substitution. phenotype in 82 of 85 subsequently tested additional samples

%20z dunr g0 uo 3senb Aq Jpd'z691020508U/€0S1891/2691/5/66/4Pd-al011E/pOO|q AU SUONEDIIGNdYSE//:d})Y WOIj papeojumog



1696  SCHUH etal BLOOD, 1 MARCH 2002 - VOLUME 99, NUMBER 5

1 gtaaaaatttataaagttctttgcccatacatattttgtttagtgtttgttttaaataagectttgeeege 70 F@ure 4. DNA sequence of CD109 exon 19 and
71 tttctaatgtttaagtacaaacatagtgtaactaagaactaagtagaccaaaaggattttttaggaaatg 140 flanking introns. The CD109 nucleotide 2108 A>C SNP
141 atatttattgaatctaaatacagtttttgataaagccacacataaattatggcaggaaggtctcatcaat 210 was found to lie 3 nucleotides from the 5’ end of CD109
211 gagaagataggcctttttttttttttttaactgaagggtgattttgacttccttgaagtctecatgattcet 280 exon 19. The DNA sequence of exon 19 and of flanking
281 tgttgaagaaaaattgctgggagtacatttgttgtcacaggatgggaagcactcatgattacctectgtyg 350 introns 18 and 19 is shown (GenBank accession no

351 acccctggcagtgctgctaactgaaccctgetcectcacaaagecattcccaggagtcacagggagaagggyg 420
421 catgggtggtggaaagaattcagcrtggctgataaacccecgtaccacctggectgataattgageaggta 490
491 aatcatgaaatccacatagtattttatagtcagctgtttaaagatacttgagttaacacatgagtgaaat 560
561 ctcaaggaaacaaataacagcattgacagggatacagagaaaaacttctgcaaatttagagaaaaaattg 630
631 gagttaagtttgaasaatgtgtatttattatctataaaaaatttgtgaaaaaataatgtttattctgaaga 700
701 tgtaaattttgcaggaagattttattagaatatggatcaatatgcagtattatgaccttatgatgaccta 770
771 ttctttgaaaagttgggatttactgttttatacttaaaccttttaaatggttttaaattcagatatgtaa 840
841 acaataggaaaaattgaaattcttccaaaaatagtttagattattttggcttatttcaaaatgtatcagt 910

AF410460). Exon 19 sequence and the corresponding
predicted peptide sequence are shown in bold. Nucleo-
tides are numbered sequentially, beginning at the 5’ end
of intron 18. Amino acid coordinates (parentheses) corre-
spond to the CD109 numbering scheme of Lin et al.1®
Both allele-specific codon 703 variants (Gov?, TAC;
Gov?, TCC) are shown (box). The nucleotide 2108 A>C

Intron 18

911 tcttggttttgtgatgtttatatttattatcttgacttcag 951 SNP results in a Tyr to Ser amino acid substitution at
Y position 703 of CD109.
tac

952 t tee agg att tac caa gaa ttt 973

(703) s R I Y @ E F (709)

974 gaa gta act gta cct gat tct atc act tct tgg gtg got act ggt ttt gtg atc 1027
{710) E v T v P D s I T s w v A T G F v I (727)

i— Exon19 ——t—-——

1028 tct gag gac ctg ggt ctt gga cta aca act act cca gtg gag 1069
(728) s E D L G L G L T T T P v E (741)
1070 gtattgtattaaaga 1084

1085 gctgcttatcagtattacggtgacattaagctaatacagcgtcagectectcaattttttttttaaatgac 1154
1155 tgcttataatgtttatcacagtttagagattccttggetttgtctttaggtttttatectgttttatattt 1224
1225 aagaatgtgagctatatatagctatataaactgctaaatgtgcaaagtccgtattaagatttgggtagaa 1294
1295 aagtttattattgacctgaactaaccatctccaaaggccagaagagagagaaagaaaaagagagagagag 1364
1365 aaagaggagaggagagagagagtgagtctttctatttgtectecttcaagaatgaacagaacttctcaaga 1434
1435 tgttccctagccaatattccatcatgtettttggtcaaattgecatcatatattgtttcctaageccagtca 1504
1505 ctggcaggaggaatataatgaccatgagtggcectgaattttctcatttgaaattgaaatgtaattttgat 1574
1575 ttacaaaataatcgtattcatgaaaaatacagtgtagattgaaaaatgctttgggtttatatagaaattg 1644
1645 gaattagattgtaagctcaggccactataaacagacaattcagcaacatgaatgtctgaagggacattca 1714
1715 agaatcattaggaacatggggcaatttttcattgtctggggctgtectgagtattgcagactgtcaccca 1784
1785 ctaactacctatagcaccttcecgagtcatggtgacaatctaagacaccttcacaaatgtgcagataaactc 1854
1855 tagagggagttactgctgccagcaaaaccactggectaaactaacccaggtttagetttagatgecaggtg 1924
1925 tggggcttggecttttetgtaggacttggecaacaatatcagaattgggtcactgaggaggaagcacatg 1994
1995 tattcagatgtcccacacattttctcatctgtatgtaaaaataaatcatatatatgttttagaaataatt 2064
2065 tccaatttcctctttaaatttagtcaggaagcacatgtattcagatgtcccacactagaacaggggetgt 2134
2135 tggatttggcagggcttttaaagcagattggtggagtcaatacagcatgaaagaagagcaaattgcttcg 2204
2205 ggattagacaggctgggttctagttctggetectcetacttgecagecaatatgaatttgtactagttacaa 2274
2275 aaatctcaaaaatttaattttcttttctataaactaggagactaacagtaaccttatggggttgtaataa 2344
2345 ccaaacaaaataatttatgtgaagtgtttggttgcectataaggcacttaataaagtatagcaattattatg 2414
2415 ttaagtaacataaatcaagtcaatttgccgtcattcatttgtgataagttgetgtitgetttctgttgat 2484
2485 agcaagttgacatttctagctgaagttaaaagcttcacaggttttataaagattgcatttaattgcataa 2554
2555 aatgtgaagaattttgacctgaataaaaatatgtactcgttgtgttctttceccag 2608 |

Intron 19

(panel 3). Discordance between genotype and phenotype veasl candidate stem cells, and by activated platelets and T2¢€lls.
observed in the 3 remaining cases, which were then analyz8dv alloantibodies are implicated in refractoriness to platelet
further (Figure 1; Table 2): Genotyping by PCR-SSP and PCRansfusion and can cause neonatal alloimmune thrombocytopenia
RFLP confirmed the results of the initial Tagman analyses. bnd posttransfusion purputa! Whether CD109 may additionally
addition, as the Gov phenotypes of panel 3 samples had bggay a role in organ or bone marrow transplantation by functioning
determined only once by MAIPA using single Goand Go¥ as a minor histocompatibility antigen is not known. The importance
antisera, Gov phenotyping was repeated by using fresh plateletshe Gov antigens in alloantibody-mediated platelet destruction
and additional Gov antisera. Repeat samples were also reanalyagg only recently been defined. We have recently demonstrated that
by real-time PCR. Overall, repeat testing resolved the discrepane immunogenicity of the Gov alloantigens is similar to that of the
cies in favor of the genotype in all but one case. In the remainingPA-5 alloantigens and is exceeded only by that of the HPA-1
case, no significant signal was produced with any of theGoy|loantigens! In light of this information, the difficulties of
antisera, even when twice as many platelets were used in fhventional Gov phenotyping by serologic methods are particu-
MAIPA assay. larly frustrating, underscoring the need for an alternative approach
Taken together, the results of Gov phenotyping by MAIPA{, determining Gov type.
the expression ofsov allele-specific CD109 cDNAs; and the | this report, we have determined the molecular basis of the
PCR-SSP, PCR-RFLP, and real-time PCR analyses confirm thgy platelet antigen system. As the Gov epitopes are unaffected by
the Govand GoV alleles are defined by the CD109 nucleotidgjeglycosylation, but are sensitive to sodium dodecyl sulfate
2108 A>C SNP. denaturatiord, we reasoned that the Gov alleles would reflect
differences in the primary CD109 amino acid sequence. Further-
more, and by analogy with all but one of 19 characterized platelet
Discussion antigen systemy, we anticipated that the Gov allelic differences
would most likely arise from a SNP. Our recent identification of the
The biallelic Gov platelet antigen system is known to be carried lyuman CD109 cDNA, together with the ability to perform Gov
CD109, an approximately 170-kd GPI-anchored membrane glyquhenotyping by MAIPA! (Figure 1), has allowed us to test this
protein that is expressed by a subset of hematopoietic progenitgpothesis. Beginning with platelet RNA from 6 donors of known
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Gov® Fluorescence
448 bp -
285bp - Figure 6. Gov genotyping by Tagman-based real-time PCR. Samples from 21
163 bp - donors in panel 1 and 2 were genotyped by Tagman real-time PCR by using
81/82 bp - conditions optimized to discriminate between Gove and Gov® alleles. Allele-specific

Figure 5. Gov genotyping by PCR-SSP and PCR-RFLP analyses. ~ CD109 exon 19
(open box) and flanking introns are diagrammed. The Gov SNP (*) lies at the 5’ end of
exon 19. Relative positions of the PCR primers (arrows) used to generate the 225 and
448 bp PCR products used for genomic SSP and RFLP analyses are shown. (A)
Allele-specific antisense oligonucleotide primers differing by a single 3’ nucleotide
corresponding to the Gov SNP yield allele-specific 225 bp bands. All reactions also
contained control HGH primers that resulted in a 429 bp product (control). In addition,
although the reactions shown in lanes 1, 3, and 5 contained Gové-specific primers,
those in lanes 2, 4, and 6 contained Gov’-specific primers. (B) The Gov2 allele
contains a single BstNlI site (filled triangle) that is common to both alleles. The Gov
SNP results in an additional BstNI site (open triangle) that is specific to the Gov?
allele. As a result, BstNI digestion of the 448 bp Gova-specific PCR product yields 2
fragments of 163 and 285 bp. In contrast, digestion of the GovP-specific product yields
3 fragments of 285, 81, and 82 bp. M, 100 bp DNA ladder; uncut, no BstNI added;
aal/ab/bb, Gov genotype.

fluorescent signals are shown. Three distinct groups, corresponding to Gov3 (open
circles), Gova (open triangles), and GovP® (open squares), are observed. Negatives
(open diamonds), no template control PCR reactions. Error bars indicate = 2 SD
from the mean.

Platelet CD109 expression is known to be low, with previous
studies reporting only about 2000400 molecules detectable after
thrombin activatior:* Recent studies from our group have
detected a similar number of molecules on weakly activated, but
P-selectin (CD62P)-negative platel&tsn addition, in the course
of our Gov phenotyping studies, we detected considerable interin-
dividual variability in reactivity with Gov antisera (Figure 1).
Indeed, in the present study, the Gov phenotype of a significant

number of donors was based on very low absorbance readings with

one or both of the Gévor Gov antisera. Thus, it was not

Gov phenotype, we used CD109-specific RT-PCR and sequence . . o -
ted that t .Th lit

analysis to determine that ti@ov® and GoV alleles differ by a unexpected that we observed Gov typing discrepancies. The ability

i : . of the Gov genotyping studies described here to resolve such
single A/C polymorphism at nucleotide 2108 of the CD109 ORﬁiscrepant or ambiguous cases underscores the greater sensitivity

) ! . dies indi d th %%d accuracy of these approaches. Whether the observed variability
protein (Figures 2, 4). Expression studies indicated that ”1\% reactivity with Gov antisera reflects interindividual variation in

ponmqrphi;m is indged rESpO,nSible for the fqrmation of the GOﬁ‘fDlOQ expression or is paralleled by altered platelet survival is
alloantigenic determinants (Figure 3). Confirmatory PCR'SSE’nknown and requires further study.

PCR-RFLP, and Tagman-based allele-specific PCR genotyping ojhough the precise function of CD109 remains obscure, its

studies using genomic DNA from a core panel of 21 donors fcent jdentification as a novel member of t@MW/C3, C4, C5
known phenotype demonstrated absolute concordance with Gov

phenotype, as determined by MAIPA (Figures 5, 6). Table 2. Discrepancies between Gov phenotyping and genotypin
On genotyping an additional 85 phenotyped donors, although~—— P PREnoyping and genoping

82 samples were concordant, in 3 cases the Tagman-based geno- Phe,\;l‘ztl‘;”: by Real.time PCR ZZF;' EELRF',
type disagreed with the phenOtype as determined by MA'Péonorno Initial Repeat Initial Repeat Initial Initial
(Figure 1; Table 2). Notably, in all 3 discrepant cases, phenotyping -

had been based on low absorbance values (Figure 1). As the® bb bb ab ab ab ab
real-time PCR-based genotype could be confirmed by alternative 84 ZE ZE 1;2 zz ZE ZE

- . ) 9
genotyping methods, it appeared that the MAIPA assay had yielded
discrepant results in all 3 cases. Indeed, repeat phenotyping usingrhree donors from panel 3 were identified whose initial phenotypes did not agree

Iarger numbers of freshly obtained platelets as well as additiorY“ai‘l‘ the genotypes determined by real-time polymerase chain reaction (PCR). In all 3
’ cases, the PCR-SSP and PCR-restriction fragment length polymorphism (RFLP)

typing antisera, revealed that the original typing studies had beerhl"ﬁlyses confirmed the genotype determined by Tagman. Phenotyping and genotyp-
error in 2 of 3 cases (Table 2). In the final case, however, evegwere subsequently repeated by using fresh samples and additional Gov antisera.

additional modified testing did not resolve the discrepancy, |ike@ov typing discrepancies were thereby resolved in favor of the genotypes in 2
onors 84 and 95) of the 3 cases. Initial, results obtained from the first blood sample

reflecting very low-level CD109 expression below the detectiqﬁ,
limit of the MAIPA assay.

estigated; Repeat, results of repeat monoclonal antibody-specific immobilization
of platelet antigens (MAIPA) assay and real-time PCR using fresh blood samples.

20z aunr g0 uo jsenb Aq jpd'z691020508U/€0S | 891/2691/5/66/4Pd-0[o11e/p00|q}eU SUOKEDIIgNYSE//:d)Y WOl papeojumoq



1698  SCHUH etal BLOOD, 1 MARCH 2002 - VOLUME 99, NUMBER 5

family of thioester-containing protease inhibitors and complemeand will also facilitate studies on the potential role(s) of the Gov
proteing® suggests that it may be capable of mediating covaleatloantigens in other clinical settings such as organ and bone
cell-substrate and/or cell-cell interactions. Whether the Tyr703Smiarrow transplantation. Although serologic methods will continue
polymorphism reported here has any functional consequencesasbe required to determine if immunization against a Gov
presently not known. Although the effect of this substitution (smad#llloantigen has occurred, the elucidation of the molecular basis of
polar to large polar amino acid) on CD109 structure is unknowihe Gov alloantigen system will also aid in the detection of Gov
computer modeling would suggest that such an effect, if any, aloantibodies. Current approaches to alloantibody detection—
minimal. Consistent with the observation that there is no differend®AIPA, for example—are cumbersome and are hampered by both
in the apparent molecular weight of the Gowr Gov CD109 low levels of CD109 expression and the instability of the GPI
variants, and that deglycosylation of CD109 does not affect tlachor. These problems would be obviated by the availability of
binding of Gov alloantibodies, the amino acid 703 substitution iSov alloantigen-specific peptide reagents that could be used for
not predicted to change the number of potential CD109 glycosylantibody detection. Experiments to identify the minimal recombi-
tion sites. In addition, sequence comparison of CD109 with otheant CD109 fragments required for Gov alloantibody detection are
members of thea2M/C3, C4, C5 family suggests that thecurrently under way.
Tyr703Ser polymorphism should not alter the substrate specificity
or the thioester reactivity of CD109. Nevertheless, as our understand-
ing of CD109 function becomes clearer, it will be of interest tg\cknowledgments
determine whether the Gdand Go¥ CD109 variants are functien
ally distinct. We thank Ed Conway and David Spaner for helpful comments
In this report, we have elucidated the molecular basis of the Gduring the course of this work and for critically reviewing the
alloantigen system. On the basis of these data, we have demoranuscript, as well as Xiang-Fu Wu and Rakash Nayar for
strated the feasibility of Gov genotyping by 3 different techniquegchnical assistance. In addition, we gratefully acknowledge the
and have shown that this approach is superior to conventiorsaipport of the apheresis clinic staff and the technical assistance of
serologic methods for determining Gov phenotype. Such DNARe Platelet Immunology Laboratory of the National Blood Service—
based methods will allow the reliable typing of donors and patienEast Anglia.
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