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T HE REACTIVITY of Rh positive cells with anti-D sera is determined by

the interplay of several factors. In addition to the mere presence of the

D agglutinogen, there is an effect of zygosity,’ the C antigen,2 subgroups of

D,� the absence of companion antigens resulting in -D-- cells,4 and probably

still other uindescribed conditions.

In an attempt to define and extend some of these observations, the quantita-

tive hemagglutination method described in the preceding paper3 was used to

investigate certain effects of phenotype, zygosity and the absence of antigens

at the Cc-Ee loci upon the agglutination behavior of Rh positive cells.

MATERIALS AND METHODS

Blood was drawn into a� equal volume of sterile Alsever’s solution and stored at 4 C.

for at least three days prior to study. Comparisons were carried out only with cells stored

fOr equal periods of tinie since agglutinability decreased with in vitro storage. A standard

reference R9R� cell collected on the same day as the unknown test cells was assayed

simultaneously. Rh phenotype was determined with commercial antisera. Cells known to

l)e heterozygous for the I) antigen were obtained from individuals having either an Rh

negative child, or an Rh negative parent. Probable homozygous cells are so designated

on the basis of statistical likelihood. To increase this probability, individuials who had

only Rh positive offspring from matings with an Rh negative spouse were usually chosen

as donors of “homozygous” cells. Cells from 73 donors have been studied. Most of the

studies were performed with a single high titer saline agglutinating anti-D serum from a

donor stimulated by feto-maternal incompatibility. The differences found among cell types

were confirmed with four other saline anti-I) sera, which were also the result of pregnancy

sensitization.

Method of Assay: Two-fold dilutions of antiserum were prepared, using the previously

described quantitative technic.” Standard and unknown test cell suspensions were adjusted

to a final test concentration of 14,000 ± 40() cells/mm3 with a Coulter Electronic Cell

Counter. Five-tenths mililiter aliquots of cell suspension were added to equal volumes

of each antiserum dilution and brought to equilibrium at 37#{176}C. by the aggregation method,

as described in the previous paper.3 The percentage of free cells at equilibrium was deter-

mined by hemocytometer counts, converted to probits and plotted against logarithm of

antiserum concentration.

The log-probit regression line thus derived is characterized by its slope and 50 per cent

hemagglutinating endpoint (HD�)). The HD3�, which describes the position of the line,

is the most sensitive index of hemnagglutinating activity since it is interpolated on the steep

portion of a sigmoid curve. When it was found that the regression line describing the

reaction of some saline anti-I) sera with certain cell types (Cl)e/cde, cDe/cde) deviated
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from linearity in the proximity of 50 per cent agglutination, it became apparent that the

use of an HD50 for the characterization of these cells was not justifiable. For this reason a

30 per cent endpoint ( HD30 ) was used in the coniparisons involving these cells. Since this

endpoint lies in the almost linear region of the sigmoid agglutination curve, it is a valid,
although slightly less sensitive and somewhat less conventional measure of the agglutination

reaction than the HD50.
In addition to these observations made in the linear range of the log-probit regression

line, the level of agglutination at which deviation from linearity occurred and the prozone

area were also found useful in the characterization of dell types.

RESULTS

Assay of the Agglutinogen: The course of the agglutination reaction between

two saline agglutinating anti-D sera and three representative homozygous

Rh positive cells of different phenotype is illustrated in figure 1. Three zones

can be distingiushed: A zone of linear regression is observed at the lower

serum concentrations, i.e. higher serum dilutions. As serum concentration in-

creases, a midzone is reached where linearity is lost and a proportionally

smaller rise in percentage of agglutination per unit increase of antiserum is

noted. The maximal level of agglutination is found in the midzone, as further

increase in antibody concentration results in a gradual decrease of aggluitina-

tion (prozone).

While these zones describe the over-all D-anti-D agglutination reaction, it

is evident from figure 1 that with various sera individual differences in the

pattern were observed. For example, with each of the cells, serum 2794 de-

viates from linearity and reaches maximal agglutination with a higher per-

centage of agglutinated cells than serum 1605 with the corresponding cell type.

In addition to differences observed when several antisera were tested against

the same cell,5 comparison of various cell types with the same anti-serum

reveals further diversity in agglutination behavior, which reflects the cell’s

antigenic makeup.

The R2R2 (cDE/cDE), R0 R0 (cDe/cDe) and R1R1 (CDe/CDe) cells

showed the following relative differences when assayed with either serum

2794 or serum 1605: The R2R2 curve lies to the left of the R1R1 curve and has

a steeper slope as well as a wider range of linear regression. The maximal per

cent of agglutination attained with the R2R2 cell is greater than that with the

R1R1 cell and its prozone less pronounced. As can be seen, the hemagglutina-

tion reaction described by the R0R0 curve is intermediate to the R2R2 and

R1R1 cell.

Forty-three Rh positive cells were compared to a standard R2R2 cell with

single saline agglutinating anti-D serum. The cells were stored in Alsever’s

solution five to seven days prior to testing and were generally assayed on at

least two separate occasions. Table 1 summarizes the data from these assays

which are plotted in figure 2. Column 3 of the table shows the mean slopes

found for standard and unknown cells, and their range. The significance of

the difference between the standard and unknown slopes is shown in column

4. No significant difference (P = < 0.05) was found among the slopes of all

R2R2 cells tested, whereas all other cell types had significantly lower slopes

than the standard cell. The R1R2 (CDe/cDE) and R1R0 (CDe/cDe) cells,
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Fig. 1.-Comparison of the reaction curves of representative R2R2 (cDE/cDE),
R,,R0 (cDe/cDe) and 1t1111 (CDe/CDe) cells with two saline agglutinating anti-D
(Rh0) sera.
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Fig. 2.-Hemagglutination assay curves of some Rh positive cell types with a
standard saline anti-D (Rh,,) serum.
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although homozygous for the D antigen, had curves with a flatter slope than

the R2R2 cell, butt not significantly different from that of the R1R, cell. Among

the heterozygous cell, the R�r slope was steeper than that of either the R0r

or R1r cell. It is noted from figure 2, which is a plot of the mean regression

lines, that the slopes of the R0r and R1r cells were derived from a narrow

range of linear regression, consequently their reliability is limited.

The average HD:io calculated by the method of Bliss7 and the range of

HD:p,’s of the test cells is shown in. the last column. A decrease in HD:�, values

designates a shift to the left of the assay line. The mean position for each cell

tyj)e can be seen in figuire 2. The relative relationship of the heterozygous

cells is similar to that of the homozygotes described earlier in the paper, i.e.

the R�r cell (cDE/cde) had a lesser HDa,j than the R1r cell (CDe/cde),

while the 110r (cDe/cde) was intermediate in position. There was some over-

lap in the position of the R0r and R1r cuirves.

Study of Effect of Zygosity: The effect of zygosity for the D antigen was

investigated by a study of six family groups represented by 23 individuals.

All members of a given family were tested simultaneously. The results of the

assays showed that homozvgous and heterozygous cells within these families

��ielded parallel regression lines. Significant differences were found between

the HD:w’s of homo- and heterozygous cells as seen in table 2. It is apparent

from the smaller HD:io’s observed with the homozygous cells that less anti-

serum is required for agglutination of cells from individuals who have two

genes for the D antigen. The ratio of HD:c,’s (column 4) listed for R1r

(CDe/cde) cells indicates that within a family these cells are homogeneous.

This is illustrated by the close proximity of the heterozygous cells assay

curve shown in figure 3.
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Table 2

Family Relationship Cell Type
HD30 X 1O-�

Homozygote Heterozygote

Ratio of HD,o’s
Homozygote/
Heterozygote

No.#{176}

Be.

Co4

Father

Son

Son

Daughter

Mother

Son
Son

Father
Mother
1)aughter

l)aughter

R1R1

R1r

R1r

R1r

R1R1

R1R1
R1r

R1r

R1R1
R1r

R1r

0.77

1.07k
0.98

1.37

1.85

1.81

1.85

3.06
3.12

3.81

4.40

0.42

0.42

0.42

0.35

0.34

0.36

0.33

Fi. Father
Mother

Daughter
Son

R1R0

R1r

R1r
R0r

0.22

3.01

4.17
0.67

0.07

0.05
0.33

We.

Sb.

Father

Son
Mother

Son
I)aughter

Son

Father

Mother

R0R,

R1R,,
R1r

R0r
R0r

R1R9

R2r

R1r

0.74
0.551

0.69

4.00

0.95
7.30

0.96

4.67

0.14

0.58
0.07

0.73

0.15

#{176}Genotypeof Mother = r/r.
fHomozygote value used in computing ratio of HD�’s.

�Cenotype of Father = unknown.

On the other hand, an example of heterogeneity among heterozygous cells

is seen in Family We (table 2, fig. 4), where a marked difference between two

R0r (cDe/cde) cells is apparent.

Study of -D- cells: Blood specimens, which included homozygous and

heterozygous -D- cells, were obtained from eight members of a Japanese

family. The samples were made available through the courtesy of Dr. Ovid

B. Bush, Jr., of the Yodogawa Christian Hospital, Osaka, Japan, who will

report his findings elsewhere.8 The pedigree of this family is shown in figure

5. Simultaneous assays of these cells and the standard R2R2 cell were done

and the results are given in figure 6. Each cell on the figure is identified by

the code number shown on the pedigree (fig. 5). Parallelism of regression

lines for the standard R2R2 cell, homozygous -D-- cells (111-2, 111-6) and

three heterozygous -D- cells (1-4, 11-3, 11-4) was shown by statistical test-

ing of the data. Table 3 shows the serologic reactions for these cells and the

HD50’s derived from the assay curves. The greater agglutinability of these

cells made the use of HD�0’s rather than HD30’s possible. From the HD50’s and

figure 8, it is evident that the two -D- cells and the cDE/ -D- cell were

identical. It becomes apparent from the ratio of -D- HD30/unknown HD0,

in the last column, that approximately twice as much antiserum was required

for 50 per cent agglutination of the two CDe/-D- cells (1-4, 11-3) than
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for equal agglutination of equivalent number of -D- or cDE/ -D- cells.

On the other hand, three times as much antibody was needed for an R2R2

(cDE/cDE) cell to achieve this degree of agglutination. These relationships

are reflected in the position of the assay curves seen in figure 6.
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Fig. 5.-Pedigree of family with -D- chromosome. Arrow indicates propositus.

#{176}Seetext for discussion of genotype.

DIscussIoN

Previous reports have indicated that the immunologic reactivity of the

D (Rh0) agglutinogen in the Rh mosaic may be dependent on the influence

of companion antigens.2’912 In the present investigation, the greater precision

of quantitative hemagglutination methods was applied to the study of this

antigen in the hope of clarifying some of these inter-relationships.

The agglutinability of Rh positive cells by saline antisera progresses in the

descending order of -D- > H2 (cDe) > R,, (cDe) > H� (CDe). Decreas-

ing agglutinability is expressed in (1) progressively greater HDa0 and lower

slope of the log probit regression line, (2) higher free cell counts at maximal

agglutination in the midzone, and (3) a more prominent prozone phenomenon.

It is well established that the R2R2 cell is agglutinated by smaller amounts

of antibody than other cell phenotypes with the exception of - D - cells and

the “strong D” cells reported by Renton.1�’4

Table 3

Ratio of IiD�.o’s
Most -D-/-D-

Cell Reactions Probable HD�0 SE. Propositus/ 111-4/
Donor C C” 1) E C e Genotype X 10- unknown unknown

II1-2� - - + - - - -D- �D- 0.22 0.14

111-6 - - ± - - - -D-/-D- 0.16 0.01 1.09

11-4 - - + + + - cDE/-D- 0.18 0.01 1.10

1-4 -+- -- f --- - + CDe/-D- 0.42 0.02 0.44

11-3 + - + - - + CDe/-D- 0.48 0.01 0.47

IV-l + - ± -� - ± CDe/-D-t 2.35 0.15 0.43

III-! + -- �- + + ± CDe/cDEt 3.94 0.14 0.26

111-4 + - + -4- -�- + CDe/cDE 1.1)2 0.10

Standard

R2R2 - - -1- + + - CDE/CDE 0.66 0.01 0.31

#{149}Prop4�jtus

-
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Fig. 6.-Comparison of cell assays from family with -D - chromosome with
standard saline anti-D (Rh0) serum.
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An inhibitory effect of C upon reactivity of D, occurring when D and C

are on opposite chromosomes (trans position) was first demonstrated by Cep-

pellini.2 Levine et al.,12 who confirmed this finding, attributed the difference

between R2R2 (cDE/cDE) cells and R1R1 (CDe/CDe) cells to a two way

suppression of D in R1R1 cells, since in this cell each D is in a trans position

to C. An alternative mechanism, adumbrated by these authors, is the supres-

sion of the D antigen by C when D and C are on the same chromosome (cis

1)Osition). Experimental evidence for such a mechanism is offered by the
difference found between known heterozygous R1r (CDe/cde) and R2r

(cDE/cde) cells. The greater agglutinability of the R2r over the R1r cell can

not be explained by an effect of C in the trans position. One is thus forced to

conclude that C in the cis position with D also will inhibit the reactivity of

this antigen. The decreased agglutinability of R1 (CDe) in contrast to H2

(cDE) and R0 (cDe) cells whether homozygous or heterozygous may thus be

related to the presence of this antigen on the H1 cell. Yet, this fails to explain

the difference we found between R2 and H0 cells, in neither of which the C

antigen is present. Since the substitution of the e for the E antigen makes the

difference between an H2 and an H0 cell, it appears that the greater reactiv-

ity of R2 cells could be attributed to either inhibition of agglutination by e

or enhancement by the E antigen.

If the greater reactivity of R2 compared to R0 cells were an expression of

an enhancing effect of E in the presence of c antigen, it could be expected

that cDE/-D- cells would manifest a greater agglutinability than the homo-

zygous - D - cell. The results shown in figure 6, however, offer no evidence

in support of this contention. Thus, we preferred the alternate hypothesis, i.e
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inhibition by e may account for the difference between 112 and R0 cells. In

view of the intimate association of the C and e antigens suggested by the

specificity of anti-rh1 ( anti Ce ) Ui as well as by their frequent coexistence on

the same chromosome ( H1 ), it would not be surprising if e contributed to

the inhibitory effect of the C antigen. Thus the H2 ( cDE ) > H0 ( cDe ) > H1

( CDe) cell gradation of decreasing agghttinability could be explained in

terms of inhibitory influences by these companion antigens, i.e. the decrease

in reactivity from the R2 to the H0 cell is the result of inhibition by e, whereas

the combined inhibitory effect of C plus e would account for the even lesser

reactivity of the H1 cell.

At least three mechanisms can be invoked through which inhibition by corn-

panion antigens may operate. The first of these presupposes that the presence

of the C ( or e ) antigens leads to the biosynthesis of fewer antigenic sites for

D. A second explanation postulates that in the presence of these inhibitory

antigens a qualitatively different D antigen is produced. Finally it is conceiv-

able that neither quantitative nor qualitative changes in the structure of the

D antigen are involved but that steric hindrance by the close approximation

of inhibitor Ce antigens on the cell decreases the reactivity of the D antigen.

Although the HD50, free cell and prozone differences observed among assay

curves of various phenotypes may be manifestation of any one or any combina-

tion of these three mechanisms, differences in number of antigenic sites for

D may offer the most likely explanation.

The amount of antigen on the cell will affect its reactivity in two ways:

(1) The number of sites and amount of antibody required for agglutination

are inversely related; that is to say, the cell with fewer antigenic sites will

have the greater HD50 and vice versa. (2) The zone of antibody excess (i.e.

prozone) will be reached more readily by the cell with fewer sites. From this

it follows that the marked differences in HD50’s and prozones observed be-

tween H2H2 and H1H1 cells (fig. 1) may reflect variation in the number of

antigenic sites for D. If this is so, then the H1 cell has fewer sites for D than

the R0 cell, while the H0 in turn has less than the R2 cell. Evidence in sup-

port of this concept is provided by Masouredis, who found that the number

of antigenic sites for D found in C positive, D positive cells, is only 70 per

cent of that found in C negative, D positive cells.16’17

Prozone formation is accentuated by the incomplete antibody present in

most saline agglutinating’4 anti-D sera. Since this antibody occupies some of

the D receptors, the number of sites available for attachment of saline agglu-

tinin is thereby decreased. With less sites free, antibody excess, as manifested

by the prozone, will be reached at a lower concentration of saline agglutinin.

Conventional technics have been generally unsuccessful in differentiating

cells homozygous for D from cells heterozygous for this antigen.18 Masouredis,’

using 1131 labeled anti-D serum showed a bimodal distribution of antibody

nitrogen on D positive, C negative red cells. He reported approximately 6400

antigenic sites for the heterozygote and 10,300 sites for the homozygous cell,

but found considerable heterogeneity for this antigen.

The evidence presented in this paper indicates that within families the

homozygote and heterozygote can be differentiated by quantitative hemagglu-
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tination technic. However, as was shown in figure 4, the difference among

heterozygous cells may be as great as that found between homo- and heterozy-

gotes. In view of the heterogeneity found for the D antigen by both methods,

it would appear that although in general, homozygous and heterozygous cells

may be classified into groups, it may be difficult or even impossible to estab-

lish the zygosity of every random cell by either 1131 labelled antibody or

quantitative hemagglutination technic.

The results of assays on cells from a - D - family (fig. 6) revealed that

the cell from ( IV-1 ), whose most likely genotype is CDe/-D -, was con-

siderably weaker than two CDe/-D- cells ( 1-4, 11-3). One explanation to

account for this observation can be derived from the typing reactions and

assay curve of the Cell 111-1, father of IV-1. Although tile father’s most

likely genotype is R,H2 ( CDe/cDE), the assay curve for his cells lies far to

the right of that of an H1H2 cell ( 111-4), a sibling of the propositus. It is in-

deed outside the range of all H1H2 cells tested so far. This suggests that either

the father is not homozygous for D or his D antigen is of a weak type. If

R’H2 ( Cde/cDE ) and not R1H2 were his genotype, the genotype of the off-

spring ( IV-1 ) would be Cde/-D- and would thus explain the difference

between this cell and the two CDe/ -D- cells. On the other hand, if one

of the father’s D genes were a D” and his genotype were CD”e/cDE, the in-

heritance of a weak D from the father and a -D- from the mother would

also account for decreased agglutinahility of cell IV-1. A third explanation is

possible. It has been suggested that the -D- condition results from the ac-

tion of an inhibitor gene or genes.4 If these genes were not fully expressed in

IV-1, it could explain the difference in behavior from the other CDe/-D-

cell.

SUMMARY

The reactivity of Hh positive red cells with saline anti-D sera has been

investigated by means of quantitative hemagglutination methods. The inhib-

itory effect of C on the D antigen has been confirmed and the possibility of

inhibition by this antigen in the cis position suggested. It is also suggested that

the e antigen has suppressive effect on D. The presence of companion antigens

results in a -D-> R2 > H0> H1 progression of decreasing agglutinability.

Within families differences in the agglutination behavior between homozygous

and heterozygous D positive cells were found. The heterogeneity of this

antigen was confirmed.

SUMMARIO IN INTERLINCUA

Le reactivitate de erythrocytos Rh-positive con salin seros anti-D esseva

investigate per medio de quantitative methodos de hemagglutination. Le effecto

inhibitori de C super le antigeno D esseva confirmate. Le possibilitate de in-

hibition per iste antigeno in le position cis es notate. Es etiam notate le pos-

sihilitate que le antigeno e exerce un effecto suppressive super D. Le presentia

(Ic antigenos accompaniatori resulta in un progression -D- < R, < H0
< R1 de diminution del agglutinabilitate. Intra familias individual, differentias

del comportamento agglutinatori esseva trovate inter cellulas D-positive
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1960.

9 Ceppellini, R.: Le vanianti Rh. In Cep-

homozygotic e heterozygotic. Le heterogeneitate de iste antigeno esseva con-

firmate.
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