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SY1: The Future of Blood Grouping: Mass.
Genotyping for Blood Groups and Beyond
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Introduction: The future of blood grouping is mass
genotyping

WA. Flegel
Abteilung Transfusionsmedizin, Universitatsiiinikum Uiny; Insttut fur
Kinische Transfusionsmedizin und Immungenetk Uim (IKT), Uim,
Gemany

Blood grouping has always been done by serologic, ie. antibody based,
methods. More than 15 mullion blood donations are fyped for ABO and D
each year by such methods in Europe. Similar mumbers apply to patient
testing which has to cover additional blood group systems and s often
technically more demanding. Since 1990 the geneic bases of the blood
‘2roups have been established. The allele polymorphism was recogaized to be
mote comples than anticipated by many transfision medicine specialists.
‘However, within 2 mere 10 years all basic genetic research issues have been
sesolved. Experienced setologists have somewhat grudgingly accepted the
support by blood group genotyping which can bridge certain diagaostic gaps.
but they continue to maiatain that genotyping aay only be useful fo com-
plement serological data. The application of molecular techniques and the
exploration of the molecular basis were insirumental for almost all recent
significant conributions o the basic and clinical aspects of blood groups.
Major progress in elucidating serologic conuadrums was made by the mo-
Iecalar exploration of questions that escaped for decades their characeriza-
tion. Otber results contributed considerably to basic biologic research and
exenplified the relevance of biood group research beyond medicine. A
‘major part of the futuse of blood group typing will learly rely on genotyp-
ing. Ta this context, this symposivan explores the options for mass genotyp-
ing. It does so by addressing the current knowiedge of the molecular bases:
the specific applications that are used routinely or may become soutine
shortly:the current applications in o European counfries: the ethical ssues
of mass genotyping: and the indusry’s perspective taking into accouat the
Stom previous similar technology changes.

sviot
The BloodGen Project: Platform technology for mass
scale genotyping of blood groups and beyond

D Avent and members of the Bloodgen consortium
UWE, Bristol Genoriics Research Institute, Brstol, England

‘Purpose: Preseatly molecular genotyping of blood group is confined 1 a
linated number of patient groups including fefuses and muli-transfused
patients, where serology is difficult and possibly harmful to the patient. If
applied on a large scale. genotyping may represent a viable alternative to ted
cell serology for routine donor and patient blood grovping. Accusate geno-
typic assigament may lead to  reduction n the incidence of alloimmunisa-
tion and perhaps evennual elimination of serological cross matching before
transfision. The BloodGen consorfium was assembled o fest the feasibility
of molecular genotypic assignment of blood group status in Eutopean
sors. Methods: Oligomscleotide amays and fucrescent based PCR. amplifi-
cation systems have been developed by BloodGen consortium members. The
ammay contains 4,608 spots comesponding to 94 SNPs that are clinically
significant blood group alleles. The chip s capable of genofyping the major
alleles of the ABO, REL KEL, FY. JK. MNS, DI, CO and DO systems on a
single side format. The array i hybridised using multiplex Cy3-labelled and
fragmented PCR. products amplified from donor DNA, washed using an
automated hybridisation station, scanned and genotyped using soffware
uadergoing development by the BloodGen partner Progenika. Results, A
prototype BloodGen amay and fluoro-SSP assay has been produced. The
prototype array has comrectly assigned blood group genotype of most of the
94 SNP assembled, 2nd requies optimisation to improve signals of some.
These modifications will result in the production version of the BloodGen
ammay. to be made commercially available at the conclusion of the project i
2007. The production array will be screened by BloodGen consortium mem-
bers in the later stages of the project using 2 large cohort of denor DNA
samples collected from all etheic groups found in Evrope. Conclusions: For
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blood group genofyping to replace serological testing. a product that is 100
9% selizble will ned to be field-tested against a farge cohort of donor DNA
samples. The BloodGen consortium will prove the validity of o different
platform techaclogies, and will resul in the commercialisation of fwo viable
products at the conclusion of the BloodGen project. Lasge-scale implementa-
tion of blood group genotyping may eliminate alloimmunisation fo fre-
quently untested blood group antigen incompatibilty (e.z. Ji* antigen) by
identifying those donors that bave clinically significant low frequency al-
s,
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Molecular genetics of blood groups (excluding Rh): From
genotype to phenotype

LR Storry, M.A. Chester, B. Hosseini-Maaf, A. Hellberg,
B. Thuresson, E.S. Wester, M.L. Olsson

Blood Cenire, University Hospital and Department of Transfusion
Medicine, Lund Universty, Sweden

Background: Over the past wo decades, the molecular genetic bases for all
but one of the 29 blood group systems have been characterised 2nd the
underlying mucleofide differences for all clisically important antigens bave
een ideniified. Not surprisingly. many complementary pairs of antigens are
ncoded by single aucleotide polymorphisms (SNPs), but there are antigens
d ofher more complex phenofypes the are the products of mucleic acid
exchange befween closely related genes. Null phenofypes arise from ma
@ifferent backgrounds, from nonsense SNPs o deletion of the entire gene. In
the ABO blood system, we, and ofers, have shown that weak A or B anfigen
expression can result from missense SNPS that encode for  less efficient

yeosyliransferase; or more interestingly, from the formation of hybrid
s Tn the Kidd blood group system. we have defined the genetic back-
ground for the more common Fianish and Polynesian Tk phenotypes
Methods: We have developed a procedure that employs different allee-
specific polymerase chain reaction (PCR) assays for the tapid detection of
simple and complex ABO alleles. Similarly, we have developed alicle-
specific PCR assays for the detection of common and rare JK alleles. All
assays have been validated for use on genomic DNA derived from whole
blood. Samples fested have been referred o the Nordic Reference Laboratory
for Blood Group Genotyping for identification. Resuls: We have identified
novel point mutations and kybrid genes responsible for the weakened expres-
sion of A and B antigen. Examples include the Ac phenofype that can result
from a SNP in the consensus 4" aliele or from a 50" hybrid gene. The
alele-specific PCR assay for JK alele defection has been used for routine
‘genotyping analysis as well as the defection and confirmation of feferred
Jicas samples. Discussion: The ABO and JK assays can be used independ-
atly for the analysis of serologically discrepant samples or maybe incorpo-
sated into a more complete blood eroup genotype analysis of patient or donor
samples. These fwo systems provide a model for the investigation of blood
‘roup genes and for the accurate prediction of phenciype.
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Molecular genetics: The two Rhesus genes and their
Rhesus boxes

F.F. Wagner
DRK-Blutspendedienst NSTOB, Zent

linsttut Springe, Germany

‘The RH blood group system i the most complex blood group system. Tis
serologic complexity includes more than 40 different antigens and more than
30D epitopes and is caused by more than 100 known RH alleles. The ast-
‘2ens of the RHL blood group system are located on fwo Rh proteins: RAD is

expressing antigen D and RACE is expressing antigens C. c. E or e. The RHD
and RHCE genes are composed of 10 exons disributed along ~60.000 bp

‘genomic sequence each, have opposite orientation, and are only 30,000 bp
apart. The RED gene is fanked by too homologous DNA segments of about
9,000 b dubbed Riesus boves. RLD has § exofacial loops, three of which
differ from their RACE counterparts and form the anfigen D. Gene co

sions or missense mutations casing amino acid subsiinutions i exofacial
protein segments often lead to the expression of low frequency antigens or to
rans-

he fack of distinet epitopes in partal D; amino acid substifutions.
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[image: image2.png]mentbraneaus o inttacelular protein segments usually lead fo @ weak D
phenotype with weakened antigen expression but o promient astigen
altecation. The D negave pheactype is caused by the absence of all RD
specific exofacal profein segments, most frequently due (0 a deletion of the
whole RHD geae that occured by a recombination ofthe Rhasus boxes. The
secombinast tybrid” Riesus box mmy be detecied by PCR, an approach
ofien used for RHD zygosity determination. The main antigens encoded by
'RHCE are lasgely etermined by amino acid polymorpkism at posiion 103
(C/e) and 226 (Ele) but also depend on the general siucture of the R pro-
ein The phenorypic vriation of RRCE largely paralel that of RLD wih the
major difference tha there is 2o Srequent RACE deletion. The complerity of
the RH genes i a challenge for antigen preiction by genoiyping. D astigen
predicton is confounded by RHD positive, D negaiive allees that st be
distinguished from normal RAD. For RHCE, even seemingly sizple fasks
like s correct predicton of th antigens C, ¢ or £ fumed out {0 be surprisingly
ifficult. The complesity of the Rhesus bones in Afrcans i oaly emerging
foday and needs to be furher investigated o enable a correct RHD zygos
testing in Afiicans
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Clinical benefit for the community: Ethical issues and
opportunities involved in mass genotyping of blood
groups

WA. Flegel
Abteilung Transfusionsmedizin, Universitatsiiinikum Uiny; Insttut fur
Kinische Transfusionsmedizin und Immungenetk Uim (IKT), Uim,
Gemany

‘The clinical benefit is addressed in all contributions to this symposium. In
several clinical situations blood group genotyping has already been estab-
tished to improve patient care. Examples include festing of fefus from azin
otic flud: of multple transfused patients and of patients with auto- of allo-
immunchemolytic anemia if standard serology fails; of fathers for a RED
heterozygous status; and of serologic D neg. donors for the inadvertent
presence of wealk D o chimerical blood. Several genotyping applicati
have sesulted in or will likely contribute fo cost containment efforts. Th
include the specific detection of weak: D types to avoid anti-D prophylaxis
and to reduce use of D neg. blood units for those patients who do nof need
them. Another major application would comprise the testing for fetal RHD
‘genotype during pregnancy from maternal plasma to cbviate the need of anti-
D prophylasis a about 40 % of all pregnancies in D neg. mothers; this
approach may become implemented in he near future as detailed in a subse-
quent abstract. Once genotypisg can be performed at an individual blood
donor basis, it is quite obvious that such an approach may serve a5 2 platform.
technology. Then economies of scale may become effective, becanse huge
‘umbers of ABO confitmatory typing is required for blood donors each year
‘The technology must ot be restricted to blood groups but aight also cover
for instance the viral mucleic acid testing. The experience established i
transfision medicine may be transferable to other kinds of genotyping ap-
proaches. The public i rightflly concemed about possible negative efects
following the advent of mass scale genoryping. However, the application of
mass scale genotyping for blood groups s special compared fo many otber
kinds of genoryping, becanse 10 adverse ethical issues exist and it should
hence be easy o resolve legal issves, if any remin. Tn particular, transfusion
‘medicine specialists can determine the clinical implications of genotyping
sesults in all cases by referming to standard fmmunohematology resuls
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The European perspective: Current genotyping in the
Czech Republic

M_Pisacka, J. Vytiskova
Insttute of Haematology and Blood Transfusion, Prague, Czech Republic

Genotyping for blood growp antigens is performed in the Czech Republic
from 1996 when the exon-scamning PCR-SSP for RED described by
Ch Gassner was intioduced in Reference Laboratory for Immunchaematol.
ogy. Instinue of Haematology and Blood Transfusion in Prague in coopera-
tion with University of Tnasbruck. Later this technique was applied for
‘genotyping of other blood group systems (ABO, Kell, Kidd, Duffy, MNSs.
Rhesus system for detecting RHCE and RED weak and variant alleles, HPA)
using commercialized PCR-SSP kifs produced by INNOTRAIN. In 2004 we
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have started to use PCR-SSP kifs produced by BAG. More than one thou-
sand of samples were genofyped so far. Indications for genotyping are:
serological discrepancies, mulftransfused patients, cases of erythrocyte and
thrombocyte feto-matemal incompatibility weak or suspect variant RID i
pregnant women (for ansiwering question about need of anti-D prophylactic
administration). In 2003 the seal-time PCR. for RHD and RHCE alleles was
stroduced in the Faculty Hospital Motol in Prague and was used for fetal

otyping from maternal plasma. The most fequently defected RHD vari-
‘ants in our population are: D VI (prevalent is type 1, no case of type 3 or 4
detected so far), DFR and D VIL We have detected three unselated cases of
DCS variant (RHD-CEjpartial exon 5 exchange-D, so far found in our
population oaly). Other rare cases were: D ITlc, D IV type 4, DNB, DOL
(donor with Jordanian ancestry), DYO (Corean patient). Regarding weakk D
allles the most frequent in Czech population is type 1 (many cases, twice
more than type 3, with only several cases of other types — 2, 4, 5). We have
found the GATA box Duffy null allel in a reltively high fequency in the
Gipsy population living in the Czech and Sloval: Republic. Our laboratory is
taking part in the EU BloodGen project — genotyping using microarray
technology. We hope that this project will bring more knowiedge about
blood group alleles distibution in ous population.
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The European perspective: Current genotyping in Spain

N. Nogues
Centre de Transfusio | Banc de Teixis, Barcelona, Spain

Purpose: Current genotypiag in Spain is mostly applied to those cases in
which the antigen detemnation i diffcult or not possible. However, geno-
yping meflods are foreseen a5 a valuabie aliemaive fo serological methods
and siategie fo ober applicaions, ke bigk-throughput blood group typing
ate being developed. Methods: Blood stoup genoryping i Spaia is per-
formied in Reference Laboratories and incudes
- RHD genotyping of donors with a0 ancmalous D antigen expression
- 4BO genotyping of donors with a discrepancy in the forvard and everse
‘ouping
- HPA. typing to entfy HPA-1a
T aiso used n blood sroup yping of ed cell pa
- For By’ alele confrmation in dopors wih weak ' expression.
- Forsearching and confirming unfrequent phenofypes
Occasionally. it s also applied to blood group typing of ptientsthat bave
seceived mlipte transfusions. Blood group genotyping is also used in
the context of pregancy, o determine feto-materna incompatibiliy in
sensitzed pregnant women:
- Fetal blood group fpisg from amotic fuid samples i available for
RHD, RHCE, KEL JK 20d FY.
- More secently, ftal RAD status can be defermined from the cell-free
DNA circulting f the matermal plasioa
The methods wsed in al cases are mostly based on PCR amplification with
alele.specific primers. Results: From our experience, the application of
blood group genotyping methods, complementing the serological fyping. has
contributed fo improve the quality and the accusacy of the fyping resuls
Molecular anatysis of biood group aleles has also allowed us to describe
alleic variants, ke the D category 11 fpe 1V, which i the most frequent
DIT sllele in the Spanish population and vet has ot been reporied else-
where. Licewise, allels of african crigin like the GATA-mutated FY allele
or the hybrid RED.CED' (¢ haplofype). which are very rare in caveasian
populaions of Central Europe, are detected wih 2 significant frequency in
‘he Spanish population. These observations are in agreement wilh the geo-
eraphical proximity of Spain fo the North of Afica and their historical
selationship. In any case, this valuable information bas influenced in the
design of the genotyping strategies we apply and i s taken o account in
the interpetation of the resuts. Conclusions: Blood group genofyping is a
helpful tool with 2 eradually increasing muber of applicafions. Genofyping
studies are allowing us to have a betterknowledge of the biood group distr
bution and molecular bases i our population. This informaticn will wtc
aately help vs fo improve blood group fyping in our laboratories and blood.
banks,

tive donors
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Prenatal RHD testing of fetus and mother: Decision to
administer anti-D prophylaxis

A Ait Soussan, R. Dee, G.J. Bonsel, M. de Haas and
C.E van der Schoot

Sanquin Research at CLB, Dpt Exp ImmunoHematology, Amsterdam,
The Netherlands

Background: D-negative women receive antenatal aniD prophylaxis
iespective of the RiD-stanus of the ferus. In about 40% of these women this
gift is given vanecessary, because the fetus is Donegative To identify
women carrying D-positive fetuses, we have developed a fully automated
assay for fetal RHD genotyping using cell-fiee fetal DNA from matemal
plasma Methods: 1 i of materal plasma is automatically presented
(Tecan) to a DNA isolation-robot (Roche). The DNA-eluate i fested (after
automatically pipetting) in tiplicate in a real-ione quantitative RHD exon 7-
PCR (ApplBios). From Oct-Dec 2003, plasma from 2397 (serologica
‘confirmed) D-negative pregnant women, whose blood was sent in for 285 -
30 weels antibody screening. was tested. The women wwere sent question-
maires on cord blood serology. Results: 1470 of the plasma were typed RiD
‘positive and 932 RLD negative. Posifive and negative resuits could clearly be
discrinminated. Because the RHD exon 7-PCR will give posifive results in D-
negative women carrying D-negative variant RHD genes such as RHDY, we
determined the incidence of these genes by analyzing DNA isolated from
by coats. The frequency of these genes was .
newborns the serology is known. In 1,245 cases (99.19) serology and PCR
were concordant In 7 cases the genofype suggests D-posiivity while serol-
ogy is Denegative. In 5 cases no RHD-sequences were detected n plasma but
‘cord blood was typed D-positive. For the discrepant cases it cannot be con-
cluded yet, whether serology or PCR is comect. The negative serological
sesults cannot serve 25 golden standard. since we showed fhat 14%
(35/243) of the supposed D-negative pregnant women whose blood was.
sent in for antibody screenin D-postive. The true RED-
state of these cases will be investi

newborns. Conclusions: This is the first lrge-scale study demonstating the
feasibility of screening D-negative women o testrct antenatal anti-D to
women canying D-positive fetuses. When antenatal prophylaxis would have
been given based on PCR. results, then 30.8% antenatal gifts would have
been saved. Furthermore, postmafal proplylaxis could have been given
ditectly after delivery in all women with a positive PCRsesult, saving cord.
biood serology tests and possibly increasing the effectiveness of postaatal
prophylaxis. Nowimasive feil. RHD:gesonyping i feasbie in all D-
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The industry perspective: Lessons from previous
technology changes

R._Vomhagen', M. Emst’, B. Holtkamp'
“Biotest AG, Dreieich, Gemmany

1o the past 25 years rovtie diagnosisofblood grovps s undergone seversl
echciogy chonge The s o poyelont s mmnoclonal reagents
i sared . e ealy S0, 1 o  bgh leve of sandadization. The
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But athough molecia yping e 1o mproved diagaostic qualiy withmch
igher sofrmation el i st pie ot mecuas wping 1 v,
ing.On the other hand,olcular sesys are uch more conples compared
{o serlogical asay, st a el s higher production cos. For s
vessons all atvites to itroduce ficro-aays in molecla typing bave nok
et mcessl 5 . Al peset rowine bscdisonpin demnds teehical
expeise bu s safe and ts prices ave sffrdale, Tois 3 3 high leve of
I<Bulton epresent high earance baiers for e technologes. Ia concla-
o th sodoton o gencing oot should focs i st pe
o pecial applations e bond stoping i poansid il or
Rhehos propiyli, i which clasaca seologie echiaues ofe il 10
deiver St sesls, The eodcion of s genchping for blood
roug, hoeve, e oy be 0ol e ke d v redunemenns
ooy v 20 el 3, penences o pretions echnclofs chnges
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