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Abstract

Abstract

The Rh blood group system is the most polymorphic of the human blood groups,
consisting of at least 50 independent antigens and, next to ABO, is the most clinically
significant in transfusion medicine (Avent & Reid, 2000).

The D antigen is the most immunogenic antigen of the Rh system. About 18% of
Caucasians do not express an antigen D (Rh negative) and most Rh-negative cases are
caused by RHD gene deletion. About 0.2-1 % of Caucasians have red blood cells with
reduced expression of the D antigen (Lin et al., 2003).

The antibodies in the Rh blood group system can cause severe transfusion
reactions and are second only to the ABO system in this regard. Blood grouping by
serology has been an enormously successful technology which has made transfusion safe.
But the expertsin the field are well aware that blood incompatibility remains a significant
problem in transfusion medicine and that these problems reflect certain inherent

limitations of hemagglutination based testing (Antonella et al., 2009).

The molecular genetics world was revolutionized in 1983 with the advent of PCR
(polymerase chain reaction), which allows the amplification of DNA and analysis of
genes. The molecular identification and characterization of blood group genes revealed
that the majority of clinically important blood group antigens are encoded by SNPs
(Daniels, 2009).

The am of this study is to investigate the role of RHD molecular typing technique
in solving RHD typing discrepancies during routine testing due to partial D or weak D
phenotypes. Compare currently used serologic methods with molecular analysis to
determine the potential application of molecular methods to improve RHD typing
strategies.

Key words: Rh- serological techniques- molecular techniques- RhD variants
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Introduction and Aim of the work

I ntroduction and Aim of thework

Blood grouping by serology has been an enormousigessful
technology which has made transfusion safe. Butetterts in the
field are well aware that blood incompatibility rams a significant
problem in transfusion medicine and that these Iprob reflect
certain inherent limitations of hemagglutinatiorséd testing. These
include the weak reactivity of certain clinicalligsificant antibodies,
weak expression of some red cell antigens, the ddiakniversal test
methods for antibody detection and identification dhe subjective
nature of the tests performed. Additionally, thare a number of
iIssues related to reagents themselves, and thesear@ expressed as
technology limitations and they include, of courfes variability in
the reagents, the lack of reagent grade antibaghelsthe different
reactivity of monoclonal antibodies compared toyplinal antibodies
(Antonella et al., 2009).

The Rh blood system is one of the most polymorpmd
Immunogenic systems known to humans. The expresdi&h blood
group antigen is complex. The Rh D antigen is tlostnmportant of
the antigens that constitute the Rh antigen systermost cases, D
antigen can easily be detected. However, due toahifity of
expression, weak form antigens are encountered. réaetivity of
weak D with antisera is variable and presents psohlem in blood
banking(Mariza et al., 2009).



Introduction and Aim of the work

In a study byHillyer et al 2008 that addressed the integration of
molecular technologies for red blood cell typingd atompatibility
testing into blood centers and transfusion serviwas suggested,
however they proposed further clinical assessméntjemotyping
versus phenotyping, potential role of genotyping teplace
pretransfusion testing as well as some practicakiderations like
cost effectiveness, limitations, who to genotypé quality assurance.
Such suggestions open the way for further investigaof the
molecular role in different red cell antigen typing

The Rh antigens are coded for by two genes, RHDRHHGE.
These two genes, each of about 60 kilobases, aateld in positions
1p34 - 1p36 of the short arm of chromosome 1 amchdd of 10
exons. The RHD genes codes for the D antigen, winddeRHCE gene
codes for the C or c and E or e antigens. More 8taother antigens
have been described in addition to the D,C,c,Ejggams; these
antigens have been identified from their correspumdntibodies and
are classified as low or high frequency antigé®eag et al.,2003).

The D antigens and those of the CE series arsrmrambrane
proteins of 417 amino acids, which act as ammonitansporters.
They differ by a small number of amino acids inde@, 4, and 6 of
the protein. The most important is the D antigenmasaic of
numerous antigenic determinants or "epitopes". i@aity, 9 epitopes
were identified, but subsequent serological ingegibns have
distinguished at least 37 different models of neactvith monoclonal
anti-D antibodiegJudd et al., 2005).



Introduction and Aim of the work

The vast majority of people from all ethnic backgrds
demonstrate very strong hemagglutination with miodenti-D
reagents regardless of the testing methodology.éddew this is not
always the case. “Weak D” RBCs demonstrate redgcechtities of
the D antigen because of mutations in the protemr@asmembrane
domains. As the name implies, these RBCs tené@nwodstrate either
weak or no hemagglutination with anti D reagentfhoaigh they
sometimes react more strongly in the weak D té&rtial D” RBCs,
a phenomenon less common than weak D, usually icontarmal
numbers of RhD protein, although the protein isated, eliminating
at least one D-specific epitope on the RhD prot§ifeak D and
partial D blood recipients/pregnant women mightdmee sensitized
to the D antigen if exposed to D positive RBO#eochari et al.,
2009).

Several assays for blood group genotyping of ptgieand
donors have recently been developed to predictblbed group
antigen profile of an individual, with the goal céducing risk or
helping in the assessment of the risk of hemoldisease of the
newborn (HDN) and hemolytic transfusion reactiombey include
PCR-RFLP, allele-specific PCR, sequence-specifikR RESP-PCR)
as single or multiplex assays, real-time quantitaP CR(Wagner et
al., 2000).



Introduction and Aim of the work

These assays can be applied to blood group antigehge
patients who have recently received transfusioastype patients
whose RBCs are coated with immunoglobulin; to idgrd fetus at
risk for HDN; to determine which phenotypically m@n negative
patients can receive antigen-positive RBCs; to tyflmmors for
antibody identification panels; to type patientsowiave an antigen
that is expressed weakly on RBCs; to deterni®fD zygosity; to
mass screen for antigen-negative donors; to resalv®, and D
discrepancie$Wagner et al., 2000).

Aim of the work:

The aim of this study is to investigate the role RHD
molecular typing technique in solving RHD typingscliepancies
during routine testing due to partial D or weak Depotypes.
Compare currently used serologic methods with moéganalysis to
determine the potential application of moleculathoés to improve
RHD typing strategies.



Red Blood Cell Antigens

Red Blood Cell Antigens

Blood group antigens are surface markers on thebledd cell
membrane and could be defined as; an inheritedactear of the red cell
surface, detected by a specific alloantibody. Betthe 1900s, it was thought
that all blood was the same, a misunderstandinglddato frequently fatal
transfusions of animal blood into humans and hamesdransfusions of blood
between people. Blood groups do not have to becedldspecific, or even
blood cell specific, and most are also detectedtwer cell typeqDaniels
and Bromilow, 2011).

% Structure of Red blood cell antigens:

The structures of the different blood group systemd their antigens
have been studied extensively particularly sineedivelopment of molecular
genetic techniques. Blood group antigens may be:

* Proteins,

» Glycoproteins, with the Antibody recognizing printathe polypeptide
backbone;

» Glycoproteins, with the Antibody recognizing thelmahydrate moiety;
*  Glycolipids, with the Antibody recognizing the bahydrate portion.

Blood group proteins and glycoprotiens are integtalctures of the
red cell membrane. Diagrammatic representationssahe blood group
proteins and glycoprotiens in the membrane are shawrigure 1 (Daniels
and Bromilow, 2011).



Red Blood Cell Antigens
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Fig.1 showsthe red blood cell membraneand some of the blood group antigens attached to
it.

Some pass through the membrane once. These ggnbkeale an
external N-terminal domain and a cytoplasmic Cmiaal domain(type 1),
though in one case (the Kell glycoprotein) the riaus is external and the
N-terminus is interna(type 2). Some are polytopi¢Type 3); that is they
cross the membrane several times. Usually bothitemne cytoplasmic but
the Duffy glycoprotein has an odd number of memérgpanning domains
and an extracellular N-terminal domain. Finallymeohave no membrane-
spanning domain, but are anchored to the membrareelipid tail (called a
glycosylphosphatidylinositol or GPI anchor), which attached to the C-
terminus of the protein through carbohydréfgpe 5). There are no Type 4
glycoproteins, which have no external domain, ie ted cell membrane.
Most red cell surface proteins are glycosylated,dhly exceptions being the
Rh and Kx proteins. This glycosylation may @@ N-glycosylation, large,
branched sugars attached to asparagine residubg aimino acid backbone
or (2) O-glycosylation, smaller glycans (usually tetra$erides) attached to
serine or theronine residu@3aniels and Bromilow, 2011)



Red Blood Cell Antigens

¢ Blood group antibodies:

Blood groups are antigens and, by definition, aetwle cannot be
antigen unless it is recognized by an antibody Tarell receptor). So all
blood group specificities are defined by antibodiddost adults have
antibodies to the A or B antigens, or to both; tlsatthey have naturally
occurring anti-bodies to those ABO antigens thek.ld&or most other blood
groups corresponding antibodies are not naturatijuoing, but are only
formed as a result of immunization by transfusetiaell or by fetal red cells
leaking into the maternal circulation during pregoya or childbirth. Blood
group antibodies are usually IgM or IgG, althoughme may be IgA.
Naturally occurring antibodies are usually predamnity IgM, whereas
immune antibodies are predominantly IgG. As a ganeile, IgM antibodies
will directly agglutinate-positive red cells in alsve medium, whereas most
IgG antibodies require potentiators or anti-humalobglin to effect
agglutination(Daniels and Bromilow, 2011)

+¢ Clinical importance of blood groups:

Blood groups are of great clinical importance iada transfusion and
in transplantation. In fact, the discovery of thB@ system was one of the
most important factors in making the practice ajdal transfusion possible.
Many blood group antibodies have the potentialaose rapid destruction of
transfused red cells bearing the correspondinggamtigiving rise to a
hemolytic transfusion reaction (HTR) either immeelia or several days after
the transfusioriDaniels and Bromilow, 2011)

At their worst HTRs give rise to disseminated ia&tscular
coagulation, renal failure and death. At their mdtthey reduce the efficacy
of the transfusion. IgG blood group antibodies cewss the placenta during
pregnancy and hemolyse fetal red cells expresti@gorresponding antigen.
This may cause alloimmune fetal hemolytic anemiarentommonly know as
hemolytic disease of the fetus and newborn (HDAMany blood group
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