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Rh,(D) Genotype and Red
Cell Rh,(D) Antigen Content

Abstract. The RhoD) content of red
cells obtained from different individuals as
determined with I** anti-Rh«(D) showed
a bimodal distribution. Family studies in-
dicate that the cells with the lower antigen
content represent the heterozygous Rhe(D)
state and that the cells with 1.6 times
more Rho(D) correspond to the homozy-
gous state.

The blood group antigens on the
stroma of the red cell represent specific
immunochemical molecules whose syn-
thesis is genetically determined (7).
If the one gene—-one product hypothesis
applies to the blood group antigens, the
red cell derived from a homozygous
individual should have twice the anti-
gen content found on a red cell derived
from a heterozygous individual.

The Rho(D) antigen content of the
human red cell was determined with
incomplete I'* trace labeled anti-Rho(D)
and the methods described previously
(2). The method of approach was to
determine the frequency distribution of
the Rho(D) antigen content in a popu-
lation of different Caucasian red cells
(3). The heterozygous state in this dis-
tribution then was identified by study
of genetically defined Rho(D) hetero-
zygous cells obtained from family
studies. The use of this experimental
approach was necessitated because of
the inability to differentiate in advance
of the experiment the heterozygous
from the homozygous Rho(D) red cell
by conventional techniques (4).

Red cells were obtained by selection
from the donor population entering the
Blood Bank (5) and were typed for the
ABO and Rh antigens with commer-
cially obtained antisera. Only a few
Rho(D) negative red cells were used as
controls. The red cells from 199 indi-
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viduals were studied, but only the
results obtained on rh'(C) negative,
Rho(D) positive cells are presented in
this report. The results are expressed
as quantity of antibody nitrogen bound
to 0.01 ml of centrifuged red cells as
determined by the microhematocrit
technique (6) using the International
microhematocrit centrifuge (5 minutes
at gmax = 12,000). The mean number
of red cells in 0.01 ml of centrifuged
red cells was determined for a number
of cell suspensions with the Coulter
electronic counter (7, 8) and was found
to equal 9.01 = 1.48 X 107 cells (9).

- The over-all precision of the tech-
nique was evaluated by the following
experiment. Red cells from a given
individual were stored in Alsever’s so-
lution at 4°C and on subsequent days
an aliquot was reconstituted and re-
acted with the I' anti-Rho(D). A fresh
specimen of cells obtained from the
same individual was run in parallel with
the stored cells. The mean and stand-
ard error of the mean for repeated
determinations on the stored cells over
a period of 11 days was 1.85 £ 0.13,
10~ ug of N per 0.01 ml of red blood
cells. The corresponding value for fresh
unstored red cells was 1.85 £ 0.15,
10~ ug of N. There was no significant
difference between these two values
(t = 0.18, n = 14). Rho(D) negative
red cells took up less than 3 to 7 per-
cent of the I'* bound to Rhe(D) posi-
tive red cells. The amount of nitrogen
bound was independent of both the Rh
and ABO phenotype of the Rho(D)
negative cell. All the red cell suspen-
sions were reacted in an excess of anti-
body in order to obtain maximum satu-
ration of the Rho(D) antigen sites.
Antibody excess was determined by
demonstrating free I'* anti-Rho(D) in
the supernatants after reaction and by
re-reacting the I'"-sensitized red cells
with additional I'*" anti-Rh«(D) to show
that the available antigen sites were
saturated. There was less than 10 per-
cent increase in the amount of anti-
body bound to- the sensitized red cell
after a second 60-minute incubation
with the I'* anti-Rho(D).

The absolute frequency of the anti-
body nitrogen bound to 47 Rho(D)
positive, rh’(C) negative cells is shown
in Fig. 1. It can be seen that the cells
segregate into two groups, one with a
mean of 2.44 and the other with a mean
of 3.95 (10 ug of N per 0.01 ml of
red blood cells). The cells in the higher
nitrogen value group take up 1.62 times
more antibody nitrogen than do the
cells in the lower group. Known heter-
ozygous RhoD) positive red cells ob-
tained from families with a history of
Rh hemolytic diseases of the newborn
(10) were employed to identify the
heterozygous value in this bimodal dis-
tribution. Eight genetically determined
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Fig. 1. Distribution of I'*" anti-Rh.(D) ni-
trogen bound to 47 different Rho(D) posi-
tive, rh’(C) negative red cells. The values
shown are in units of 10~* ug of nitrogen
per 0.01 ml of centrifuged red cells with
the mean and standard error of the mean
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~ shown for each group.

heterozygous Rho(D) positive red cells
had values which ranged from 1.47 to
2.48 (10 ug of N per 0.01 ml of red
blood cells). These results indicate that
the 2.44 antibody nitrogen peak rep-
resents the heterozygous state [Rh.(D),
rh(d)] and that the 3.95 value corre-
sponds to the homozygous state
[Rho(D), Rho(D)]. If certain assump-
tions are granted, namely uniformity of
iodination of the globulins in the
gamma globulin fraction and a molecu-
lar weight of 1.6 X 10° for the anti-
Rho(D), then the heterozygous Rho(D)
red cell contains about 6400 Rho(D)
antigen sites per cell and the homo-
zygous cell about 10,300 per cell (/7).
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