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TRANSPLANTATION

HPA-1a phenotype—genotype discrepancy reveals a naturally occurring Arg93GIn
substitution in the platel§3 integrin that disrupts the HPA-1a epitope

Nicholas A. Watkins, Elisabeth Schaffner-Reckinger, David L. Allen, Graham J. Howkins, Nicolaas H. C. Brons, Graham A. Smith,
Paul Metcalfe, Michael F. Murphy, Nelly Kieffer, and Willem H. Ouwehand

an HPA-la“eak phenotype and an HPA- allele. Coexpression ofthe B3Leu33GIn93
lalb genotype. The platelets from this encoding cDNA in Chinese hamster ovary
donor had normal levels of surface  allbB3  cells with human «llb cDNA showed that
but reacted only weakly with monoclonal the surface-expressed «llbp3reacted nor-
B3Leu33 form (human platelet antigen and polyclonal anti-HPA-1a by whole mally with B3 integrin—specific monoclo-
[HPA]-1a, PIAL, Zw?) in patients who are blood enzyme-linked immunosorbent as- nal antibodies but only weakly with mono-
B3Pro33 homozygous (HPA-1blb, PI A2A2  say (ELISA), flow cytometry, and sand- clonal anti-HPA-1a. Our results show that
ZwbP) causes neonatal alloimmune throm - wich ELISA. We reasoned that an alter- an Arg93GIn mutation in the B3Leu33
bocytopenia, posttransfusion purpura, or ation in the primary nucleotide sequence encoding allele disrupts the HPA-la
refractoriness to platelet transfusion. of the B3Leu33 allele of this donor was epitope, suggesting that Arg93 contrib-
Studies with recombinant proteins have disrupting the HPA-1a epitope. In agree- utes to the formation of the HPA-1a B-cell
demonstrated that amino acids 1 to 66 ment with this hypothesis, sequencing epitope. (Blood. 2002;99:1833-1839)

and 288 to 490 of the B3 integrin contrib- platelet RNA-derived «llb and B3 cDNA
ute to HPA-1a epitope formation. In deter- identified a novel G/A SNP at position 376
mining the HPA-la status of more than of the B3 integrin that encodes for an
6000 donors, we identified a donor with Arg93GIn replacement in the pB3Leu33

A single nucleotide polymorphism (SNP)
at position 196 in the B3 integrin causes a
Leu33Pro substitution in the mature pro-
tein. Alloimmunization against the
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Introduction

The B3 integrin subunit (glycoprotein [GP] llla, CD41) forms amaternal alloantibodies (anti-HPA-1a) cause severe thrombocytopenia

heterodimeric complex with thellb integrin subunit (GPIIb) on in 1 in 1100 neonatéd In such cases, the treatment of choice is

the surface of plateletsx(lb33, GPIIb/llla, CD61/41) and func- B3Leu33-negative donor platelets, the provision of which requires the

tions as a major fibrinogen receptor. Activationadfb3 occurs phenotyping of large numbers of don®#s.We have previously

through so-called inside-out signaling that follows the binding deported on a recombinant human immunoglobulin (Ig)G1 specific for

platelet receptors to components of the subendothelial cell matARLeu33, which can be used for large-scale donor phenotybifitn

(eg, the binding ofy,8; and GPVI to collagen) or soluble ligandsthe process of phenotyping more than 6000 donors using this assay, we

(eg, adenosine diphosphate and thrombin). The activated conforriggntified one donor with @3Leu33*aphenotype but a heterozygous

tion of allbB3 binds fibrinogen, fibronectin, and vitronectin andenotype. Here we describe the molecular basis of this unique pheno-

has a pivotal role in clot formation after blood vessel damigge.  type, suggesting that Arg93 of thg3 integrin contributes to the
The gene encoding3 integrin has several single nucleotidgformation of the HPA-1a B-cell epitope.

polymorphisms (SNPs) that result in single amino acid substitu

tions of immunologic, and possibly functional, consequéence,. . .

Platelet alloantigen systems encoded by SNPs i3théntegrin Patients, materials, and methods

gene are of clinical relevance. The C196T SNP, encoding formynor samples

Leu33Pro substitution, is the most immunogenic human platelet

alloantigen (HPA) systerh.In B3Leu33-negative (ie3Pro33 More than 6000 EDTA-anticoagulated whole blood donor samples were

_ * . e 3Leu33 phenotyped by enzyme-linked immunosorbent assay (ELISA)
homozygous), HLA-DRB3*0101—positive persons, exposure !v%\?ith our recombinant antibody CAMTRAN-007 as described previotisly.

the B3Leu33 form is highly immunogenic and a_llloimmunizationA single donor (Donor A) with @#3Leu33" phenotype and a heterozy
causes neonatal alloimmune thrombocytopenia, posttransfusiRfis genotype was identified. Genomic DNA samples from healthy
purpura, and platelet refractorin€ss! Alloimmunization against apheresis donors were from the National Blood Service donor DNA
B3Leu33 occursin 1in 365 pregnant women, 83tleu33specific repository. Informed consent was obtained for all samples.
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Antibodies Amplified DNA was purified from agarose gels using the QIAquick gel
- . ) . extraction kit (Qiagen, Crawley, United Kingdom) and was directly
Mouse mqnoclonal antlbc_>d|es (mADs) specmc.for plgtelet_lntegrlns ar%%quenced using the Thermosequenase dye terminator cycle sequencing kit
glycoproteins were obtained as follows. AnﬂlleS |ntegr|n clones (Amersham Life Science, Cleveland, OH). Sequences obtained were
RFGP5_6 and_ NIBSC-85/661 have been reportgd in det_all eIs_e%Hére compared to publishedllb and 33 integrin sequences (accession numbers
anti33 integrin clone Y2/51 from DAKO (Cambridge, United Klngdom);J02764 and M20311, respectiveR}Z2 The B3 integrin PCR product
anti33 integrin mAb P37 was a kind gift from Dr J. Gonzalez—Rodrigue%)btained with prime,rs 5GGCGGACGAGATGCGAGC-3 and 5-
(Instituto de Quimica Fisica, Madrid, Spain). Recombinant human IgG1 an&CATCTCGGTTCCGTGACAC-Scontaining the SNPs C196T and G376A
13 -
B3Leu33 clone CAMTRAN-00%*and mouse mAb clone 9E10 specific forWas cloned into the TA vector according to the manufacturer’s protocol

the cimyc tag were pr_ovideq by The Interngtional Blood Group Referencﬁnvitrogen BV, Groningen, The Netherlands). Recombinant clones were
Laboratory (Bristol, United Kingdom). Recombinant human IgG1 g8tieu33 sequenced to confirm the presence of the observed SNPs.
clones 19-7 and 23-15 were a kind gift from Dr Louis Thiobaultr{tdeQudec,

Canada}® Human polyclonal sera were from the National Blood Service serup

- . - ) - o nstruction of the mutant 3 integrin cDNA
archives and were obtained from patients previously referred for investigation 0? B 9

neonatal alloimmune thrombocytopenia. For generation of the pcDNA 3.%)Zeo B3Leu33GIn93 construct, a
500-bp Xba/Kpnl wild-type (WT; Leu33Arg93) fragment was replaced
B3Leu33 typing with the fragment encoding GIn93. Th&3Pro33Arg93 construct was

generated by site-directed mutagenesis of @3¢eu33Arg93 construct
Whole blood phenotyping using the recombinant human IgG1l antiising the Altered Sites in vitro mutagenesis kit and the mismatched primer
B3Leu33 CAMTRAN-007 was performed as described previotisRer 5-TGGTGCTCTGATGAAGCTTTGCCTCCGGGCTCA3according to
sults were interpreted @8Leu33 negative if the optical density (O.D.) wasthe manufacturer’s instructions (Promega, Southampton, United Kingdom).
less than 0.2 and as positive if the O.D. was more than 1.2. Any O.Dhe above primer also introduces a silent mutation encodit{jnalll
between these values was considered indeterminate, and repeat testingrestsiction site (underlined) that allows the rapid identification of recombi-
performed. Polymerase chain reaction with sequence-specific primeent mutant clones. The full-lengtB3 integrin cDNA thus obtained
(PCR-SSP) was performed according to the method of Cavanagi et al. (Pro33Arg93) was excised from the pAlter phagemid and cloned into the

pBJ1 mammalian cell expression vector. All constructs were verified by
Monoclonal antibody immobilization of platelet antigens nucleotide sequencing before transfection.
The binding of human polyclonal antidLeu33 and antp3Pro33 was Transfection and selection of stable cell clones
studied using monoclonal antibody immobilization of platelet antigens . . . . . .
(MAIPA) with platelets from healthy donors and DonofA°MAIPAwas - lasmids for transfection were mixed with 4@ LipofectAMINE (Life
performed using platelet-rich plasma obtained from citrate-anticoaguIat-gﬁchmIOg'es’ Merelbekg Belgium) in a flnal_ volume of 200 Iscoveg
donor blood samples and the mAb NIBSC-85/661 to specifically captufaPdified Dulbecco medium (IMDM). The mixture was added to either
«llbB3 from lysed platelets. Bound human IgG was revealed with Jpontransfected Cl_wlnese hamster' ovary (CHO) cells or cells that had been
alkaline-phosphatase—labeled goat anti-human IgG (Jackson |mmun&)rr§_transfect(_ed with hum_amcllb integrin CDNA and grown to 60%
search, West Grove, PA) using Sigma-104 phosphatase substrate. 0.D. ¢Rdluence in 100-mm tissue culture plates. Twenty-four hours after
read on an ELISA plate reader (Tecan Spectra) at 405 nm. Sera frifansfection, fetal calf serum was added to the culture medium; 48 hours

nontransfused group AB male blood donors were used as negative contrﬁf?tr t_ra_nsfection, the medium was replaced with selective_ mediu_m (IMDM
containing 10% fetal calf serum and 0.8 mg/mL zeocin [Invitrogen]).

) Positive transfectants were analyzed with the g8tintegrin mAb P37 for
Platelet immunofluorescence test cell surface expression of the recombinant hurg8nintegrin, associated

Binding of antibodies to platelets was detected using the platelet immuntith €ither the endogenous hamsieror with humarulib integrins. Stable
fluorescence te@?. Stained platelets (10 000) were analyzed on a Coultdfansfectants were subcloned by limiting dilution and controlled for cell
XL running System Il software (Beckman-Coulter, High Wycombe, Uniteaurface expression of hum@s integrin.

Kingdom). Binding of human and murine antibodies was detected usin ) )

fluorescein isothiocyanate (FITC)—-labeled rabbit anti-human IgG (DAKG] -PCR and cDNA sequencing of Chinese hamster ovary

and rabbit anti-mouse IgG (DAKO), respectively. Whole blood HPA-1§ansfectants

phenotyping was performed with FITC-labeled CAMTRAN-007 as derya) RnA was isolated from 5 10F transfected cells according to the

scribed previously? method of Chomczynski and Sac@Aiirst-strand cDNA synthesis from 2

ng total RNA was directed with oligo(dT) primer using an RNA-PCR kit
cDNA amplification and sequencing (Perkin Elmer). The coding sequence, corresponding to the mugged
integrin region, was amplified usirg-specific primers, and products were
analyzed by agarose gel electrophoresis and directly sequenced using the
fmol DNA sequencing kit (Promega).

Total platelet RNA was prepared from %latelets using 1 mL RNA
STAT-60 following the manufacturer’s protocol (AMS Biotechnology,
Witney, United Kingdom). Isolated RNA was resuspended in 1Q0
diethyl—pyrocafbonate (DEPC)-treated water and used as a template\;\%stem blot analysis

cDNA synthesis, as follows. Random hexamers.( and 20p.L platelet

RNA were incubated at 70°C for 10 minutes and then immediateRlatelets or cultured CHO cells were washed and lysed in@00ysis
transferred to ice. Forty units SuperRT reverse transcriptase, 80 U RNAdffer (150 mM NaCl, 20 mM Tris, pH 8, 1 mM Cagll mM MgCl, 1%

1 mM each dNTP, and DEPC-treated water to give a total volume @50 Triton X-100, 10png/mL leupeptin, 1Gug/mL pepstatin A, 5¢uM AEBSF).

were added, and the mixture was incubated at 42°C for 40 minutéysates were cleared by centrifugation at 12 000 rpm for 10 minutes at 4°C,
Resultant cDNA was used as a template for PCR amplification ofdddith and the protein concentration was determined using the BCA protein assay
andB3 integrins. Amplification reactions were performed in a total voluméPierce, Rockford, IL). Fifty micrograms total cell lysate was then resolved
of 50 pL containing 200nM each dNTP, 1.5 mM MgGJ 15 pmol each by sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-
primer, 5 U Tag polymerase, andis cDNA. The mixture was incubated at PAGE) and was transferred onto a nitrocellulose membrane. The membrane
95°C for 5 minutes, and then 30 cycles consisting of 95°C for 1 minutejas blocked for 1 hour in blocking buffer (TBS containing 0.1% [vol/vol]
55°C for 1 minute, and 72°C for 1 minute were performed. Four and Bveen and 5% [wt/vol] nonfat dry milk) and was incubated overnight with
overlapping fragments spanning the complete open-reading frames (ORpi#nary antibody diluted in blocking buffer. After several washes, the
of allb and B3 integrins were amplified, respectively. membrane was incubated for 1 hour with horseradish peroxidase—

¥20z dunr g0 uo 3senb Aq Jpd'£€81020508U/6911891/€€81/S/66/)Pd-al0IE/POO|q AU SUONEDIIGNAYSE//:d})Y WOIj papeojumog



BLOOD, 1 MARCH 2002 - VOLUME 99, NUMBER 5 B3Arg93 HAS ACRITICAL ROLE IN THE HPA-1a EPITOPE 1835

conjugated sheep anti-mouse IgG diluted in blocking buffer (Amershan]
Pharmacia Biotech, Roosendaal, The Netherlands). Membranes were th| HPA-lala HPA-lalb HPA-1blb
washed in TBS, and bound antibody was visualized using enhance
chemiluminescence according to the manufacturer’s instructions (Pierce). <—429bp

Immunofluorescence and flow cytometric analysis of
CHO transfectants

Flow cytometry was used to detect antibody binding to transfected CHC

cells. Briefly, selected transfectants were detached from culture plates wit | <—429bp
EDTA buffer and were washed twice in incubation buffer (137 mM NaCl, 5 p— 9%0b
mM KCI, 50 mM HEPES, 1 mg/mL glucose, pH 7.4). Transfected cells ¢ P

(5 X 10°) were incubated on ice for 1 hour with directly labeled antibodies.
Cells were then washed once, resuspended in incubation buffer, dfgre 2. Genotype of Donor Aby PCR-SSP.  Genomic DNA samples from Donor A,
analyzed on an Epics XL flow cytometer (Beckman-Coulter). Phycoerythrinis mother (Donor C), and his son (Donor B) were HPA-1 genotyped by PCR-SSP.
labeled anti-human CD61 (PharMingen, San Diego, CA) was used The 3 control samples (HPA-1ala, 1alb, and 1b1b) show the expected amplicons of
determine totap3 expression, whereas expression of the HPA-1a epitoﬁ@ bp for HPA-1 (filled arrows) and control amplicons obtained with primers specific

. . . ~ B for human growth hormone (429 bp; open arrows). The PCR-SSP genotypes of the
was determined by staining with FITC-labeled CAMTRAN-007. test samples are HPA-1alb, HPA-l1ala, and HPA-lalb for Donor A, Donor C, and

Donor B, respectively.
Tagman-based genotyping for the GIn93-encoding allele

Genomic DNA samples were genotyped for the WT Arg93 and novel GIn934 were anti-cytomegalovirus negative and therefore were eligible for
encoding alleles using the primer$ BCAAGTCAGTCCCCAGAGGATT-3  enroliment on theB3Leu33 (HPA-la)-negative therapeutic platelet

and 3-AGGTCTCTCCCCGCAAAGAG-3 with the FAM-labeled WT probe panel. Genomic DNA was obtained from these 54 donors and from
5-TCCGGCTCWGGCCAGGTAG-3 and the VIC-labeled GIn93-specific probe ponor A. Genotypes of these 55 samples were determined using

5-CTCCGGCTC@GCCAGGTAGG-3. The polymorphic nucleotide is high- E’CR-SSP; 54 were homozygous for B&Pro33-encoding allele (data

lighted in bold. Amplification reactions were performed with 900 nM eac!
primer and 50 nM each probe at an annealing temperature of 64°C. Alliﬂgt shown), but Donor A genotyped g8L.eu33Pro33 heterozygous by

discrimination was subsequently determined by a post-PCR plate read usi %R'SSP (Figure 2). This heterozygous genotype was confirmed by

Perkin Elmer 7700 (Applied Biosystems, Warrington, United Kingdom). agman-based genotyping and direct sequencifi§ afitegrin CONA
(data not shown).
Characterization of surface expression of  «allbp3 and B3Leu33
Results epitope on Donor A’s platelets
Donor screening The cell surface level akllbB3 was estimated by flow cytometry

) using saturating concentrations of mAb Y2/51 and a commercial
One hundre@3Leu33-negative blood donors and one donor (Donor henotyping kit (ADIAflo: American Diagnostica, Greenwich,

with a repeatedly indeterminate phenotype were identified after ). Reactivity with mAb Y2/51, which recognizes a line@8
automated phenotyping of 6311 donor samples using whole blogi,ne was comparable to that obtained with control platelets
phenotyping ELISA (Figure 1). Of the 1@BLeu33-negative donors, jqicating normal levels o3 on Donor A's platelets (Table 1). The

level of allbB3 expression was within the normal range of the
ADIAflo phenotyping kit (data not shown).

4.5 1 Expression of the33Leu33 (HPA-1a) epitope on Donor As
4 platelets was studied in detail by flow cytometry using 3 recombi-
nant human IgGB3Leu33 antibodies (CAMTRAN-007, 19-7, and
3.5 4 23-15)1316 Median fluorescence intensity obtained with these
mAbs (Figure 3A) was significantly reduced in comparison to that
3 - observed with platelets from contrpBLeu33Pro33 heterozygous
donors. A reduced reactivity of Donor As platelets with FITC-
2.5 4 labeled CAMTRAN-007 was also observed in the whole blood,
O.D. 5 ] flow cytometry—based phenotyping assay (Figure 3B). The reduced
reactivity of Donor As platelets with an83Leu33 was also
1.5 4 observed with polyclonal antisera in MAIPA, suggesting that the
epitope recognized by polyclonal and monoclonal @3ti-eu33 is
1 disrupted (Figure 4). Normal reactivity was observed with 2
polyclonalB3Pro33-specific antisera with Donor A's platelets when
0.5
Table 1. Reactivity of Donor A platelets with  B3-specific mAb Y2/51
0 Median fluorescence intensity
lala lalb 1blb 1blb Donor A
Monoclonal Specificity Donor A Control
Platelets 9E10 c-myc 1.61 1.68
Figure 1. Whole blood B3Leu33 phenotyping results for donor Donor A. Whole Y2/51 B3 108.80 101.90
blood samples were phenotyped for the presence of B3Leu33 as described. Samples
obtained from Donor A repeatedly gave an HPA-1a"eak phenotype. Control samples of 2 Washed platelets from Donor A and a matched control were stained with mAb

B3Pro33 homozygous (HPA-1b1b) and one each of 33Leu33Pro33 heterozygous (HPA-  Y2/51, and the median fluorescence intensity was determined (see “Materials and
lalb) and B3Leu33 homozygous (HPA-1ala) were included in each assay. methods”). The c-myc—specific mAb 9E10 was used as a negative control.
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Platelets Platelets
W p3Leud3Leudd m B3Leu33Leu33
M bl 1.6 I B3Leu33Pro33
A 3501 1 P3Pro33Pro33
&3 Donor A J B3Pro33Pro33
300 - 1.4 - Donor A
250 4 1.2 -
200 4
MFI I - 3
150 - oD. ]
100 - 0:8:4 |
50 - 0.6 4
0 - s : s
y 0.4 4
CAMTRAN- 19-7 23-15 9E10
007
Monoclonal Antibody 0.2 - :
Platelets 0 - =E1-. B el -l
W B3Leu33Leu33 CP MC RF CH DW ABI AB2
0 P3Leu33Pro33 Figure 4. B3Leu33 phenotyping by MAIPA with polyclonal antisera. MAIPA was
45 - | B3Pr033Pr033 performed using platelets from Donor A and control donors with 3 33Leu33-specific
B : i antisera (CP, MC, RF) and 2 33Pro33 antisera (CH, DW). Sera from 2 nontransfused
40 - £ Donor A group AB male blood donors (AB1 and AB2) were used as negative controls. Donor A
¥ Donor C shows normal reactivity with both B3Pro33 antisera but strongly reduced reactivity
35 with all 3 3Leu33 antisera (HPA-1aveak),
o sequencing the PCR product after cloning it into the TA vector.
MFI 25 Moreover, both clones with the 376A nucleotide, encoding GIn93,
also encoded Leu at position 33.
20 4
Expression of the recombinant mutant 33 integrin subunits
15 1 in Chinese hamster ovary cells
10 4 After stable transfection of the mutafBLeu33GIn93 encoding
5 4 cDNA into CHO cells, 2 cell lines were produced expressing
0 4
FITC-CAMTRAN-007 91 92 93 94 95
Figure 3. Reactivity of platelets from Donor A with monoclonal anti- B3Leu33in
flow cytometry. (A) Washed platelets from Donor A and control donors R - R/ Q P D
were stained with 3 human B3Leu33-specific mAbs (CAMTRAN-007, 19-7, and 25-13) ina &5 BlLE clc N G C T AlG A

platelet immunofluorescence test. All 3 mAbs show significantly reduced binding to the T 1
platelets from Donor A compared to the heterozygous control. (B) Whole blood B3Leu33 ] |
phenotyping was performed using FITC-labeled CAMTRAN-007 as described. Reactivity |

for Donor Aiis reduced compared to the B3Leu33 homozygous and heterozygous controls. | |
Reactivity for Donor C is reduced to the level observed with a heterozygote. Median |
fluorescence intensity (MFI) is presented in each case.

compared to those obtained with a control heterozygous dono
indicating normal expression of th&3Pro33 epitope on Donor
As platelets.

allb and B3 cDNA sequence analysis

Nine cDNA fragments encoding the complete ORFaldib and33

integrins were amplIﬂEd from RNA extracted from Donor ASFi ure 5. A G376A polymorphism was identified in the Leu33 encoding B3

platelets (data not ShOWﬂ). SequenCing of PCR pI‘OdUCtS revealeﬁj(g@rin allele from DonorA.  The complete ORFs of both allb and 3 integrins were

single G376A SNP resulting in 83Arg93GIn substitution, for sequenced from cDNA obtained from the platelets of Donor A. Sequencing
which Donor A was heterozygous (Figure 5). The presence of t'ﬁiéntified a single, novel polymorphism in the 3 cDNA with adenine or guanine at

X .. sition 376, for which Donor A is heterozygous. This SNP, indicated by the arrow,
G376A SNP was confirmed by reverse transcription (RT)_PCﬁults in the replacement of arginine with glutamine at position 93 in the

using 2 separate platelet RNA preparations (data not shown) andsByeu33 allele.
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B3Leu33GIn93 complexed with either hamster or humanallb 120 -
integrins, Cam11 and Cam12, respectively. The presence of the
correctp3 integrin (Arg93 or GIn93) in transfected cell lines was
confirmed by RT-PCR and direct sequencing of the amplified
cDNA fragment (data not shown). Analysis of the expression of the
recombinan33 integrin subunits by Western blot with mAb P37

showed that the Leu33GIn93-encodip8 integrin was expressed % of
in both Cam11 and Cam12 clones. In addition, Western blotting binding
showed that33Leu33GIn93 migrated with an identical electro- 40 -

phoretic mobility to recombinant WB3Leu33Arg93 and native,

platelet-derive@3 integrin (Figure 6A). Cell surface expression of

the Leu33GIn93 mutan®3 integrin was confirmed in both cell

lines by staining with mAb P37 (Figure 6B). 0

T T T T
/5 1/10 1/20 1/40 1/80
CAMTRAN-007 dilution
. . Figure 7. The Arg93GIn mutation does impair the B3Leu33-specific mAb

To study the expression of tig8Leu33 (HPA-1a) epitope on the cAMTRAN-007 binding to B3 integrins expressed in CHO cells. ~ Adherent CHO
Leu336|n93_encoding recombinm integrin expressed in CHO cells were detached with EDTA buffer, washed, and directly labeled with the
cells, we performed flow cytometry using FITC_Conjugateann—CDGl—PE or CAMTRAN-007-FITC for 30 minutes orl1 |§e. Cglls were washed

. ) . and analyzed by flow cytometry. To control for the variations in B3 expression
CAMTRAN-007. In these studies, the relative binding Obetween the different cell clones, CAMTRAN-007 binding was normalized to the total
CAMTRAN-007 to theB3Leu33GIn93 mutant was reduced toB3integrin expression determined using a 33-integrin-specific mAb (anti-CD61-PE).
60% of that observed with the WT (Leu33ArgQB)3 integrin, Thls.rano, CAMTRAN-007:CD61, was_then expressed asap_ert.:entage of the ratio
L . . i obtained for the CHO cell clone A10 with a CAMTRAN-007 dilution of 1:50 (100%).
mdlcat'ng that the Arg%.’GIn mutation has., a mOdlfymg eﬁ?Ct O.Bata are representative of 4 different experiments. Clones as per Figure 6, plus clone
the HPA-la epitope (Figure 7). Interestingly, the reduction imos, CHO-avB3Leu33Arg93. - - - indicates A10; X, A13; ®, A06; —, EO5; A, Cam12;
reactivity of CAMTRAN-007 was independent of the associatiopd ®. Camil.

of the B3 integrin with either humanllb or hamsterv integrins

Reactivity of the B3Leu33-specific mAb CAMTRAN-007 with
CHO transfectants expressing B3Leu33Arg93 or B3Leu33GIn93

(Figure 7). CAMTRAN-007 did not react with the EO5 cell line thatexpressesﬁSProBBArg% (HPA-1b), confirming that the mAb is

allospecific (Figures 6B, 7).

& QY N
1@9 & @\’ o " @N’ Genomic analysis
Q?' Y“'\ (}" {:’ @ QV A clear differentiation between the WT and mutant alleles was

Events

Figure 6. Expression of recombinant B3 integrins in CHO cells. (A) Western blot
analysis of recombinant B3 integrin expression in CHO cells. Cell lysates of
transfected CHO cells were prepared, and protein concentration was determined as
described in “Materials and methods.” Equal amounts of protein from B3-transfected
CHO cells (50 p.g) were resolved by 8% SDS-PAGE under nonreducing conditions,
transferred onto nitrocellulose, and immunoblotted with a mAb to human B3 (P37).
Platelet lysate (5 pg protein) was run in parallel as a positive control. Clone A10,
CHO-allbB3Leu33Arg93; clone CAM12, CHO-allbB3Leu33GIn93; clone A13, CHO-
aVhamsterB3LeU33Arg93; clone CAM11, CHO-aVhamsterB3LEU33GIN93; clone EO5,
CHO-aVhamsterB3Pro33Arg93. (B) FACS analysis of CHO cells in suspension after
indirect immunofluorescence labeling with the anti-B3 integrin mAb P37. Negative
control cells (bold solid line), CAM11 (solid line), CAM12, A13, EO5 (dotted lines), A10
(dashed line).

obtained by Tagman-bas@8BG376A SNP genotyping (data not
shown). Typing of 300 genomic DNA samples from random donors
did not identify additional examples of the GIn93-encoding allele.
However, typing of Donor A's immediate family members showed
the presence of the GIn93 allele in his mother (Donor C; Figure 8).
The Tagman GIn93-positive genotype of Donor C was confirmed
by direct sequencing of genonf}8 integrin DNA (data not shown).

Donor C

N
DonorA|

—

Figure 8. Pedigree of Donor A's family showing members positive for the
GIn93-encoding allele. Genomic DNA samples were obtained from members of
Donor A's immediate family and were genotyped for the presence of the GIn93
encoding B3 integrin allele. A complete HPA genotype was also obtained by
PCR-SSP (data not shown). The mutant 33GIn93 integrin allele was found in the
mother (Donor C) and in the proband. Black symbols represent B3GIn93-positive
members, open symbols represent f3GIn93-negative members, and the arrow
indicates the proband (Donor A). Samples were not available from members
represented by broken symbols.
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gest this was not the case with Donor A. First, he does not carry a
Discussion silent 3Leu33 allele, as judged from tig8Leu33 mRNA level
and from sequencing data (Figure 5). Second, the platelet mem-

The B3 integrin is associated withllb integrin in a noncovalent braneB3 integrin copy number was normal (Table 1). A significant
and cation-dependent manner on the platelet surface, where it birguction in mAb Y2/51 reactivity would have been observed in the
fibrinogen, fibronectin, and vitronectin and mediates the aggregsse of a silenB3 allele (eg, in carriers of type 1 Glanzmann
tion of platelets and subsequent thrombus formation. The geribsombasthenia). Finally, sequencifi§ andallb integrin cDNA
encodingxllb and B3 integrins are polymorphic, and 8 SNPs are dtlentified a novel G/A SNP at position 376 of tB8 cDNA that
the basis of HPA alloantigerd$. The bi-allelic HPA-1 system, encodes for an Arg93GIn substitution linked with tB8Leu33
which is based on a Leu33Pro polymorphism@8 integrin, is allele (Figure 5). Expression of the mut@&Leu33GIn93 integrin
clinically the most significant HPA systefn. cDNA in CHO cells with hamstetwv and humaruxllb integrins

The exact molecular nature of the HPA-1 epitope has beeanfirmed that the Arg93GIn mutation was responsible for the
studied in some detail. Site-directed mutagenesis studies haieduced reactivity with anfp3Leu33. Reactivity wittB3 integrin—
confirmed that amino acid 33 of tifi8 integrin is essential for the specific mAbs demonstrated that the Leu33GIn93-encdgi@éd
formation of the HPA-1 epitoped. Additional studies using integrin was expressed at the cell surface and was of the correct size
recombinanp3 integrin fragments suggest that the HPA-1 epitop@-igure 6A-B). However, CAMTRAN-007 (anfs3Leu33) showed
is expressed within the N-terminal 66 amino aci®® However, a 40% reduction in binding to33Leu33GIn93 relative to
the reactivity of HPA-1a antisera with recombinant fragments w#s3Leu33Arg93 (Figure 7). That a greater reduction of anti-
variable and only involved investigations with a small number d¥3Leu33 binding was seen with the platelets of Donor A and his
samples. More recently, the human HPA-la epitope has bewmother compared with the CHO transfectants was attributed to the
introduced into mous@3 integrin by substituting human aminohomozygous nature of the transfectants in contrast to the heterozy-
acids into the mouse sequence. The reactivity of @Btieu33 with  gous platelets, to differences in glycosylation, or both.
42 amino acid recombinant fragments (residues 9 to 50) demon-Arg93 of theB3 integrin is outside the first 66 amino acids and
strated that amino acids 30, 32, and 39, in addition to 33, are critieahino acids 288-490 that have previously been shown to be
for allo-antibody binding” involved in the formation of the HPA-1a epitope?®34However,

Further studies have investigated the role of disulfide bonds areplacement of Arg93 with GIn disrupts the binding of anti-
noncontiguous sequences in the formation of the HPA-1a epitofi@Leu33 and thus identifies a region of tif8 integrin not
Alanine replacement experiments wii8 integrin, designed to previously thought to be involved in HPA-1a epitope formation.
investigate the role of the various disulfide bonds in HPA-1&hat a residue 60 amino acids from the allelic residue has such a
epitope formation, suggested 2 types (type 1 and type 2) dfamatic effect on the HPA-1a B-cell epitope is surprising, and an
anti-HPA-1a that were split by their difference in reactivity withalternative explanation could be a major structural change in
the Cys435AlaB3 isoform?8 It is assumed that Cys435 forms aB3Leu33GIn93. However, several observations argue against this.
disulfide bond with Cys5 linking the presumed cloverleaf-likeFirst, Donor A's platelets show normal reactivity wit8-specific
HPA-1a epitope, to the Cys-rigd3 core?® Both type 1 and type 2 mAbs. Second, his platelets show normal reactivity with polyclonal
anti-HPA-1a required an intact, conformationally nativiébp3 anti-HPA-3a in MAIPA, confirming both that the allo-epitope
because the replacement of Cys for Ala at N-terminal positions @efined by an 11le843Ser substitution dhlb and that the epitope
23, 26, and 38 abrogated reactivifylnhibition of anti-HPA-1a recognized by the capture monoclonal are intact (data not shown).
binding by the mouse mAb LK-4 also demonstrates a split ihhird, the observation that all 3 human mAbs derived from HPA-1a
allo-antibody reactivity°3! However, the 2-epitope model, pro allo-immunized patients were minimally reactive with Donor A's
posed on the basis of these experiments, remains in dispute becalatelets strongly suggested that residue 93 provides a critical
most antisera were from patients with posttransfusion purpura titantact residue for ang3Leu33 binding (Figure 3B). It is
are known to contairxllb@3 autoantibodies in addition to theinteresting that 2 of the 3 human monoclonal anti-HPA-1a (19-7
HPA-1 alloantibodie§? There is ample evidence that HPA-laand 23-15) react with the N-terminal 66-amino acid fragment of the
antibodies do not bin@3 integrin—derived oligopeptides spanning33 integrin but that CAMTRAN-007 does not (N.A.W., unpub-
the Leu33Pro33 polymorphistd2findings that are in agreementlished observations, August 2001). We interpret this as evidence
with those obtained with chimerg3 molecules? Studies with the that the former 2 are possibly representative of type 1 HPA-1a
latter suggested that sequences flanking the Cys435 position thatibodies and that the latter are representative of type 2 antibodies.
encompassed amino acids 288-490 were important in epitoplkat all 3 human monoclong@3Leu33 antibodies did not bind
formation and that these sequences were brought into proximiypnor As platelets (Figure 3A) suggests that his platelets would
with the Cys26-Cys38 loop by long-range disulfide bonds, such ast define this split in antibody types.
the Cys5-Cys435 bont. Finally, family studies indicated cosegregation of the Leu33 and

Here we report on a unique donor with a normal level of platel&In93 codons (Figure 8). Genotyping of family members showed
B3 integrin, as indicated by the reactivity of the mAb Y2/51 (Tabl¢hat the Leu33GIn93B3 integrin allele was inherited from the
1), but with a severely reduced reactivity with monoclonal anchother. The mother (Donor C) had @3Leu33 homozygous
polyclonal antig3Leu33 (anti-HPA-1a; Figures 1, 3, 4). The 3PCR-SSP genotype (Figure 2). When tested for reactivity with
B3Leu33-specific monoclonals show more than 80% reduction @AMTRAN-007 in whole blood, however, plateletimmunofluores-
binding to Donor A platelets compared with the heterozygousence gave a signal similar to that of the HPA-1alb heterozygous
control (Figure 3A), a level of reduction also seen with polyclonatontrol (Figure 3B). We were unable to identify any other related or
anti83Leu33 in the MAIPA assay (Figure 4). A previouslyunrelated persons with @3GIn93 allele after testing 300 DNA
reported similar discrepancy between HPA-1 phenotype and gesamples from random blood donors (data not shown). Taken
type was attributed to the donor identified as a carrier of Glantegether, these data suggest that we have identified a private allele
mann thrombasthenf.However, several lines of evidence sugunigue to this family.
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In conclusion, we have identified a rare but informative SNP iphenotyping might identify additional persons with uni@@Bteu33
the B3 integrin that encodes a glutamine at position 93 instead alleles, allowing a further unraveling of the molecular structure of
the normal arginine. The presence of GIn93, with Leu33, is coupléite HPA-1a B-cell epitope.
with a strong reduction in the binding of monoclonal and poly-
clonal B3Leu33 (HPA-1a) allo-antibodies. Amino acid 93 had not
previously been thought to be involved in the formation of thdcknowledgments
HPA-1 epitope, but our findings indicate that the conformation of
the Leu33Pro33-containing loop (residues 26 to 38) or that of thee thank the staffs of the National Blood Service, Oxford and
Cys-rich core is conformationally changed by this mutation. If th€ambridge Centres, for collecting and testing samples. We also
latter is the correct explanation, it would support the hypothedisank Dr A. H. Goodall, University of Leicester, and Prof A. E. G.
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