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Problems with RhD
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The Rh system is highly polymorphic and currently comprises 49
antigens. however itis DD (RH1) which remains the most important
and clinically relevant antigen in the Rh system. The D antigen is
complex and for this reason poses blood erouping problems which
will be specifially addressed. The D antigen is 4 mosaic of many
epitopes which arise, at the molecular level, from a number of
nucleotide changes in the RHD gene. These epitopes encompass the
entire RHD protein and changes in the transmembrane and
eytoplasmic domains can aler antigenic expression. D antigen
expression can vary quintitatively and qualitaively. Absence of
one or more D epitopes results in partial D phenotypes which
represent qualitative variations of D antigen expresion. They can
be detected by their aberrant reactions in D typing. When exposed
to normal D antigen. cither through transfusion or pregnancy.
individuals with partial D phenotypes may produce clinically
Significant allo anti-D directed at the lacking epitopes. 1t is
therefore important to identify partial D individuals, especially in
women of child bearing age. The weak D phenotype was
historically referred to as D* and defined as weak expression of a
normal D antigen. The difference between weak D and normal D
was thought to be quantitative but not qualitative. The mokcular
bases of weak D phenotypes have been shown to be missense
mutations within the transmembrane or cytoplasmic domains of
RAD, unlike partial D mutations which are in the extracellular
domain. A historical and important distinetion between weak and
partial D was that weak D individuls did not make ani-D,
although recent observations suggest this does happen rarely.
Careful selection and use of anti-D reagents s essential to ensure
that donor, patient and antenatal samples can be typed safely and
individuals treated without unnecessary wastage of D negative
blood or prophykictic Iz anti-D. However, the selection of
monaclonal anti-D for typing can be problematic as reagents vary
in their ability to detect partial D and weak D cells. Although there
are differentiating definitions for partial D and weak D it is often
difficult to distinguish between the two serologically and the
eriteia for treating as D + or D~ is not casy to apply. Current
terminology does not help in this respect and this topic will be
addressed in the next lecture.
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Molkeeular D Typing and Terminology

L. Tilkey
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The RAD antigen is extremely polymorphic and over 170 RHD.
alleles have been identified. The majority of these are associated
with weak expression and or qualitative changes of the D anigen.
RRD variants are often categorised into weak D and partial D
phenotypes. although these may be difficult to differentiate in
practice. Routine serological RhD typing may reveal discrepancies
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which cannot be elucidated using extended anti-D panels. In these
cases it may be usefl (o investigate the RRD type further by
molkcular analysis. On  mokcular level, weak D phenotypes are
often characterised by RHD mutations encoding amino. acid
substitutions within the cytoplasmic or membrane spanning regions
of the RD protein. Such mutations may result in quantitative
changes in expression of the D antigen (withoutloss of D epitopes).
Historically, individuals with weak D phenotypes were considered
incapable of making alloanti-D but more recently certain so-called
weak D types have been shown to be associated with anti-D
production. Partial D antigens are usually caused by extracellular
changes resulting in qualitative changes in D antigen expression.
with loss or gain of epitopes, and the abiliy 10 produce alloanti-D.
However, categorising D variants on their molecular basis s not
straightforward and is dependent on the model used for the
confomation of Rh proteins in the membrane to determine
whether a mutation is internal or extemal. Additionally, the
potential of an internal mutation o aler protein conformation and
antigen expression should not be discounied. The current
nomenclature for D variants is frequently confusing and at times
misleading, with some variants categorised and named based on
their serclogical characteristcs and others on mokcular findings
For example, the weak D type 42 variants encode identical
proteins to the partial D type DAR and are associated with
alloanti-D production, despite all the mutations being apparently
intemal. At present we do not have an infallible way of predicting
which D varianis have the potential for associated alloanti-D
production and which, if any. do not and can be safely treated as D
positive. Perhaps there is an argument for moving away from the
weak and partial D categorisations and devising a new, more
logical terminology.
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Introduction Determination of blood sroup using DNA based
approaches has been confined to situations where serological
testing s technologically diffcult or where blood cells are risky to
obtain. In practise this has been predominantly in the prenatal
determination of blood group status in cases of maternal
alloimmunisation. As the technical developments of genotyping
have progressed, it is becoming increasingly apparent  that
senatyping of complex blood group systems such as Rh could
casly be accomplished wsing these approaches. The Rh system of
course exhibits conundrums in routine serological typing, especially
when analysing RD varians.

Methods or Study Design A DNA array was designed, fabricated
and extensivel tested with over 1000 DNA samples during the EC-
funded BloodGen project, and mmed Bloodchip. The array
contains probes complmentary (o blood sroup specific single
nuckeotide polymorphisms and includes all clinically significant
blood eroup antigens. A major emphasis of the Bloodchip array is





