THE RH BLOOD GROUP SYSTEM

M. Hauge, M. D. *

Even though the Rhesus system is more than 25 years old, we
.are still very far from having a satisfactory genetic model which can
fit all of the observations made during this period. It is impossible to
draw inferences of the supposed genetic basis of the Rh system with
the same confidence as we can when dealing with the genetic basis of -
the ABO system. However it is extremely interesting to notice how
.the latest observations in the genetics of the Rh system are closely
.related to the most modern ideas on the spatial and structural basis
of what we usually call genes and are fully compatible with the most
recent theories based on studies in microbial genetics.

The main emphasis in this brief survey of the Rh system will be
on the genetic implications of the serological work done during the
last 25 years. ’

The Rh blood group system owes its name to the means by
which it was discovered. Landsteiner, after discovering the MN and
P systems, continued the systematic search for new antigens by
trying to provoke the production of new antibodies through injec-
tions in various animals. As an extension of this work (now done in
ccoperation with Wiener) he used ‘red cells from Rhesus monkeys,
which when injected into rabbits and guinea pigs produced a new an-

tibody.

It is historically interesting to notice the far reaching effect of
what looks like simple neglect. Levine, who had for a long time work-
ed with Landsteiner, was the first to observe and explain the poten-
tial deleterious effect of one of the antigens, later called an Rh anti-
gen, or rather of Rh differences between two individuals. In his
paper, «An unusual case of intragroup agglutination», (intragroup
referring to the compatibility as far as the ABO groups were con-
cerned), he gave the correct explanation of the cause of this type of -
hemolytic disease of the newborn, and the severe reaction resulting
from an incompatible transfusion. Certain that he had encountered
a new antigen outside of the ABO, MN and P systems known at that
time, he even made a small investigation into the population fre-
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This looks as though the D gene is a regular.dominant, expressed
also in the heterozygous state.

The next step is to see, if these three sets of allelic genes follow
Mendel's second law. If so we should, in population studies, find the
expected frequency of concurrence of, for instance CDe, equal to the
product of the frequencies of the C gene, the D gene and the e gene.

This is not the case. The dev1at10ns from expected values are very
highly significant.

If family studies are examined, it will be found that parents
having, for instance, the reactions C+4-c4D—E--e+, and C—c+4
D—E—e+-, respectively, do not give to their children the combina-
tion of genes expected if Mendel’s second law applied. If they have
these combinations of reactions, they would have the genotype com-
binations CcddEe and ccddee, respectively.

The first parent, say the father, would, if Mendel's second law
applied, from sperms of the following types CdE, Cde, cdE, cde, and
the eggs would contain one combination only, cde. Four types of
children should be seen. However only two'types of children are
observed from these marriages. Two types of mating are possible,

because the alignment of genes in each of the homologous chromo-
somes in the father can be:

1. Cde/cdE, and the moi:her cde/cde, which gives Cde/cde and

cdE/cde children, the two other types are missing. Or the alignment
may be:

2. CdE/cde and the mother again cde/cde glvmg CdE/cde and
cde/cde children.

This demonstrates the phenomenon of linkage clearly; the genes
are handed on to the next generation in blocks; and if the theory of
linkage is correct, it must be a very close one. Crossing over-has
never been verified, but if you try to estimate the number of condi-
tions which have to be fulfilled before we can expect it to be demons-
trated clearly, you will find that the chances are few, and if the
crossing-over frequency is very low, you cannot expect it to happen
very often. I will just mention a few of the technical problems: only
if the crossing-over happened in a mother of a number of children
could we accept the evidence; the father does not count. All the five
antibodies would have to be used, extensive studies of the parents
and perhaps of even more relatives of the mother in question would
have to be carried out to establish the alignment of the genes on
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This gave support to the theory that C-c was closer to E-e than
to D-d. It was one of the first hints of the necessity of introducing
the term «compound antigens.»

The number of loci was thus kept at three; with at least two
alleles at D and E, but three at the C locus, making 78 different Rh
genotypes. The third allele at the C locus is C¥, frequently occurr-
ing, but only diagnosed by the specific antibody. Most anti-C sera
also react with C¥, and so are really anti-CCWv.

The next level is the present phase. The immense flood of dis-
coveries has mostly been based on new antibodies which determine
distinct antigens, each inherited as part of the Rh system. These are
not explicable as simple products of an allelic gene at any of three
so-called established loci. A number of the observations have not
‘'yet given any particularly useful genetic information, perhaps be-
cause their place and real nature are not fully understood.

.The latest additions to genetic knowledge include the breaking
down of the D-antigen discovered by finding a number of healthy
people, without anemia, who had what seemed to be normal reac-
tions to anti-D antibodies, and therefore supposedly a normal D-
antigen, but who at the same time possessed anti-D in their blood,
active against most other «normal» D-antigens. Cross matching of
red cells from one person with sera from another within this
group has yielded very peculiar results which are for the time being

interpreted as indication of a highly complex D-antigen with four
or more subcomponents.

A new antibody, termed anti-V, was found to react oﬁly with

red cells containing the compound antigen ce* where e* is an allele
at the E locus.

The antigen G seems to be present normally in all cells contain-
ing C and/or D, and the so-called anti-CD sera are supposed to be
either anti-C+4G, -D+4G, or -C4+D-+G. This explains why a woman
with a cde/cde genotype without a history of previous transfusions
can produce an apparent anti-CD even when the fetus lacked D. As
had been shown later, it must have been an antibody of the anti-
C+4-G type. Anti-G may be isolated from the mixtures.

Finally, we have to deal with some very rare but illustrative Rh
groups; those showing lack of representatives from one, two or all
three so-called allelic series:
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The first was the D-- complex, which has been observed in a
number of people who are supposedly homozygotes. Only by family
studies can heterozygotes be detected. Probably in all cases these
are born to consanguineous parents. More than 25% (nearer 50%) of
the sibs of the propositi were D--/D-- individuals, which would
indicate that it is not a recessive condition. In passing it should be
mentioned that these people have very strong D-antigens and natur-
ally run a high risk of becoming immunized. '

.Turning to the details of the genetic basis of the Rh system it
appears first of all as if it is no longer worthwhile to argue whether
the three sites are to be placed within or outside the boundaries
of one gene when no one is capable of. defining what the exact
boundaries of a gene are. -

The splitting up and subdivision of what were supposed to be
single loci has been going on for quite some time, based on observa-
tions which tended to show that recombinations and mutations took
place within genes. This has been demonstrated quite clearly in bac-
teria and viruses as well as in some higher organisms. Perhaps
more illuminating was the breakdown of one locus called the dumpy
locus in Drosophila. Originally, three allelic genes were supposed to .
be available for this locus:

1 being a recessive lethal,
o giving a reduction in wing size,
v producing some prominences on the thorax.

After observing more than half a million flies it appeared that
there could be at least seven mutational subloci: 1-ol-olv-o-lv-ov-v,
i.e. four capable of producing the character 1, four producing o and
four producing v. -

Crossing-over between 1 and v was about 1 per cent. A given
type of effect is not restricted to a given sublocus, and vice-versa.
This is in some respects similar to the present observations in the
Rh system, but more studies are needed before the genetic picture
of the Rh system is complete.



