
A New Property of Iso-Agghitinins of the

ABO Blood Group System

By A. RICHARDSON JONES AND LORRAINE KANEB

I N A PREVIOUS COMMUNICATION’ we have given an account of a
means for detecting low-concentration minor population erythrocytes by

an application of the mixed agglutination principle. In this technic, the minor

component of a mixed population of erythrocytes is sensitized by treating

the mixture with a specific iso-antibody. After washing, the sensitized minor

population erythrocytes are treated with antiglobulin serum. After further

washing, a suspension of sensitized, washed erythrocytes is introduced into

the mixture to provide a source of globulin coated particles with which tile

available antiglobin molecules may combine. Since the only available anti-

globulin activity in tile suspension is confined to antiglobulin molecules

coating the sensitized minor population erythrocytes, the effect of adding

the “detector” suspension of sensitized washed cells is to produce a char-

acteristic agglutinate which is thought to consist of a central, single erythrocyte

of the minor population surrounded by a “shell” of detector erythrocytes. The

linkage between the minor population cell and the detector cells is provided

through the antiglobulin antibody which, under these circumstances, acts as a

bivalent antibody molecule.

A logical extension of these principles suggests that similar reactions may be

produced by using iso-agglutinins of tile ABO system as lattice-forming bivalent

antibodies. In such a system, a typical minor population would be Group A

erythrocytes suspended in a diluting medium of Group 0 erythrocytes. The

lattice-forming antibody would be anti-A and the detector cells would be

Group A erythrocytes. The essential difference between the mixed agglutination

reactions in the ABO system and the mixed agglutination reactions pre-

viously described (e.g., those involving the Rh system) is that, in the ABO

system, the lattice-forming antibody is specific for the minor population antigen

so that a Group A minor population cell is linked to a Group A detector cell

by bivalent anti-A. in mixed agglutination reactions involving other group

systems, tile lattice-formation is produced by an antiglobulin antibody by

which a sensitized minor population cell is linked to a sensitized detector

cell without regard for tile type specificity of the sensitizing antibody.

It appeared that the mixed agglutination reactions of minor populations

of A, B or AB red cells would provide a valuable experimental method for

the investigation of certain aspects of the behavior of the agglutinogens

and agglutinins of tile ABO system. During the course of such experiments,

certain anomalous results led to the observation of a property of the ABO
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NEW PROPERTY OF ISO-AGGLUTININS OF ABO SYSTEM 1095

iso-agglutinins which had not hitherto been recognized. The purpose of this

communication is to describe this property and to discuss its significance.

EXPERiMENTAL PROCEDURES AND RESULTS

Experiment 1

A population mixture of erythrocytes was prepared by diluting a 5 per cent suspension of

Group A1 erythrocytes with a 5 per cent suspension of Group 0 erythrocytes to 25 ml. in a

volumetric flask. After thorough mixing by repeated mechanical inversion over a period

of 3 minutes, this mixture was considered to contain approximately 1 part of Group A to

500 parts of Group 0 erythrocytes.

To a 1 ml. aliquot of this suspension was added 0.5 ml. of serum from a freshly clotted

specimen of Group 0 blood. This mixture was incubated at 20 C. for 20 minutes and then

washed three times in buffered isotonic saline. After the third washing, the cells were

resuspended in approximately I ml. of saline and then gently centrifuged and resuspended

three times. After the last resuspension, the volume of the mixture was made tip to 10 ml.

and an aliquot examined in a counting chamber.

It was observed that small agglutinates had developed in the suspension

which conformed to the typical structure of a mixed agglutinate. That is,

they were roughly spherical clumps, 15 to 20 microns in diameter, containing

8 to 12 closely joined cells. No clumps of any other size or shape were to be

seen by repeated examination of further aliquots of the specimen. The ap-

pearance of these clumps is illustrated in figure 1. This phenomenon was

produced consistently by 50 random Group 0 sera.

Experiment 2

The experiment described above was repeated, with the substitution of

plasma for serum. The plasma was obtained by centrifugation of a blood speci-

men which had been collected into powdered tetrasodium EDTA. On this

occasion, no clumps were observed at the conclusion of the test. The experi-

ment was repeated using 50 different Group 0 plasma specimens with con-

sistently negative results. Negative results were also obtained when further

tests were carried out using plasma from citrated 1)Iood. Clotted blood speci-

mens from 10 donors, collected at the same time as the EDTA specimens,

yielded serum which produced clumps in the population mixture as described

in Experiment 1.

To determine the relationship of these phenomena to the coagulation

system, similar tests were carried out on: (1) serum to which powdered EDTA

was added; (2) plasma separated from blood collected over Dowex 50 ion-

exchange resin; and (3) plasma separated from blood collected into heparin.

It was observed that the addition of EDTA to serum caused complete

and consistent inhibition of the agglutinates in over 100 consecutive Speci-

mens tested. Of these specimens, 50 were tested in parallel without EDTA,

and in all cases the absence of EDTA was associated with the formation of

the agglutinates.

Plasma separated from blood collected over Dowex 50 gave rise to ag-

glutinates in the same manner as untreated serum but the addition of EDTA

to this plasma inhibited its ability to form tile agglutinates.
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1096 JONES AND KANEB

Fic. 1 -The microscopic appearance of typical anomalous agglutinates produced in

Experiment 1. Approxitiiate magnification X 400.

Heparinized plas11l�1 behaved in a similar manner. That is, it produced

typical agglutinates ill the population mixture and its power to do so was

removed by tile addition of EDTA.

In an attempt to determine the approximate concentration of El)TA required to inhibit

the formation of these agglutinates, a simple titration experiment was performed as an

addendum to Experiment 2. The estimate was carried out l)y preparing twofold serial

dilutions of a known concentration of EI)TA in saline. To each dilution was added an

equal volume of serum and the mixture from each tube was used to sensitize a population

mixture consisting of Cr0111) 0 major population and Cr0111) A minor population. Results

of this experiment are given in table 1. As controls, aliquots of the same serum were diluted

with equal volumes of saline.

It will be seen that the control mixtures yielded the agglutinates as expected.

The titration results ill(hcated that tile approximate minimum concentration

of EDTA required to inhibit the formation of agglutinates was 0.625 mg/mI.

This result was confirmed by carrying out replicate titrations using, on each

occasion, a different initial concentration of EDTA. Results of all such titra-

tions were substantially in agreement with the one cited above.

Experiment 3

The two foregoing txpcriments employed seruiii ( or plasma ) from Group 0 donors as a

source of iso-agglutinin, and they were limited to a study of the behavior of a population

mixture comprising a Group 0 major component and a Group A minor component. It was
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TABLE 1.-The Influence of EDTA Concentration in the Sensitizing Serum on the

Formation of Anomalous Agglutinates

Cone. EDT A in mg/mi. Control

5.0 2.5 1.25 0.625 0.313 0.156 0.078 0.039 0

0 0 0 0 ± + ± + +

(0) indicates absence of agglutinates.

( + ) indicates presence of agglutinates.

necessary to define whether the anomalous agglutination observed with this combination

of cells and serum could also be elicited by other combinations of ABO agglutinogens and

agglutinins.

Population mixtures were prepared which employed all combinations of the ABO ag-

glutinogens, the ratio of minor to major populations in each case being 1 : 500. Aliquots of

each of these mixtures were treated with sera containing agglutinin specific for the minor

population as well as with sera which would not he expected to react with the minor

population. Combinations of sera and cells such as to produce agglutination of the major

popumlation of a mixture were, of course, excluded fromn the experiment.

Table 2 summarizes tile results of this experiment. It can be seen that the

anomalous agglutinates were produced in every combination in which a specif-

ic reaction between agglutinin and minor population cell was to be expected

and that agglutinates were absent in those cases where tile serum and minor

population cells constituted a nonreactive combination. In this experiment

no chelating reagent was added to the serum.

Experiment 4

In the previous three experiments, all Group 0 major population suspensions had been

prepared from blood specimens taken from a single donor. In order to investigate possible

variations of the reaction or alterations in the character of the agglutinates produced by

major population cells from different donors, a series of 44 Group 0 specimens were

obtained from normal blood donors at Children’s Medical Center. From each of these

specimens a population mixture was made with Group A1 cells in the ratio 500 parts

Group 0 to 1 part Group A. All mixtures were sensitized with the serum of one Group 0

donor for 20 minutes at 20 C., then washed, resuspended and examined microscopically.

Table 3 summarizes the results. It will be seen that the production of anomalous agglu-

tinates by different OA mixtures was by no means consistent. Twenty-four Group 0 major
population cells gave the strong, unequivocal results seen in previous experiments. Three

Group 0 cell specimens failed to produce agglutinates while 17 were associated with
agglutinates of intermediate strength.

Experiment 5

At this point it becomes pertinent to inquire into the composition of the

agglutinates which have been described. Only two possible modes of for-

mation present themselves:

1. The mutual adherence of minor population cells through the medium

of specific agglutinin.

2. The formation of a mixed agglutinate composed of a central, sensitized

minor population cell surrounded by cells of the major population.

A resolution of these two possibilities was attempted by measurement of

the actual concentration of the agglutinates in an accurately prepared sus-
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1098 JONES AND KANEB

TABLE 2.-Time Production of Anomalous Agglutinates by Various Combination.s of

Population Mixtures and Agglutinating Sera without the Use of Chelating Agents

Agglutinogens present Agglutinin Presence (+) or
Major population Minor population added absence (o) of agglutinates

0 A, Anti-A +

0 B Anti-B +
0 A1B Anti-A ±

o A1B Anti-B +
0 A1 Anti-AB#{176} +

0 B Anti-AB#{176} ±

0 A1B Anti-AB#{176} +

0 A, Anti-B o

0 B Anti-A 0

0 A1B Nonet o

0 A1 Nonef 0

0 B Nonef o

A1 B Anti-B +

A1 B Nonef 0

B A1 Anti-A +

B A1 Nonef 0

A1 A,B Anti-B +
A1 A1B Nonef 0

B A1B Anti-A +

B A1B Nonef 0

#{176}Anti-AB serum obtained from a Group 0 donor.

Serum containing no agglumtinins from a Group AB donor.

TABLE 3.-The Distribution of Strength of Anomalous Agglutinates among

44 Specimens of Group 0 Red Cells

Strong weak Negative Total

24 17 3 44

The same Group A1 minor population cell and the same Group 0 sensitizing serum

were used in all tests.

pension. If the clumps were formed according to the second possibility,

(i.e., quasi-mixed agglutinates), the observed concentration of clumps would

be equal to the expected concentration of minor population cells. If the

clumps were formed by mutual adherence of the minor population cells the

observed clump concentration would necessarily be an inverse multiple of the

expected minor population concentration as determined by the mean number

of cells forming the clump. If, for instance, each clump consisted of four

mutually adherent minor population cells (the actual estimate was 8 to 12

cells), the observed clump concentration could not be higher than one-fourth

the expected minor population concentration.

A known concentration of minor population erythrocytes was prepared by mixing 0.1 ml.

of a nominal 5 per cent concentration of Group A1 cells with 49.9 ml. of a nominal 5 per

cent concentration of Group 0 cells in a volumetric flask. The actual concentrations of each

nominal 5 per cent suspension were previously determined by replicate counts in the

Coulter automatic blood counter. The limits of error of the estimates of these concentrations

is known to be not more than ± 2 per ccnt. From this population mixture, further mixtures
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5 0
MINOR POPULATION (A) CELLS PER CU MM

FIG. 2.-The relationship between the concentration of anomalous agglutinates and

the concentration of minor (A) erythrocytes. The broken line indicates the observed results.

The solid lines represent the expected relationship which would exist if the agglutinatus

were formed entirely from 1-, 2- or 4-cell aggregates of minor population cells.

were made by diluting the initial 1:500 mixture in twofold serial steps with the 5 per cemit

Group 0 suspension. In this way suspensions equivalent to 1:500, 1:1000 and 1:2000

population mixtures were obtained. An aliquot of each of these mixtures was sensitized

with the serum of a Group 0 donor, washed and centrifuged as described in Experiment 1.

After appropriate dilution, the final suspensions were examined under the microscope in

a Howard counting chamber. The clump concentration was deterniined by observing

minimum of 100 fields, each with an area of 1.5 sq.mm. and a depth of 0.1 mm. The con

centration of free cells per field was measured by counting an aliquot of each final suspen-

sion in the Coulter automatic blood counter. Thus, by the application of simple computation,

values were obtained for the expected minor population concentration and the observed

clunip concentration for each of three differing population mixtures.

Figure 2 expresses, in graphic form, the relationship between expected and

observed values for the mixtures. The abscissa defines the expected minor

population concentrations while the ordinate expresses the observed clump

concentrations. It will be seen that the experiment yielded a straight-line

relationship between these two parameters, with a slope of 1 (the broken

line). Also shown on the graph are solid lines which express the relationship

which might have been observed if the clumps had been formed from 1-,
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1100 JONES AND KANEB

2-, or 4-cell mutual aggregates of minor population cells. The conclusion

which may be drawn from this experiment is that each of the clumps must be

considered as being formed by a union between a single minor population

cell and a group of major population cells.

Experiment 6

In order to explore the possibility that the formation of the anomalous ag-

glutinates might be associated with a reactive component additional to anti-

gen and antibody, the following qualitative tests were carried out.

Experiment 6a.-A suspension was prepared which was shown to contain

agglutinates. After washing, this suspension was exposed to the action of

EDTA dissolved in both Group AB serum and in saline in concentrations

known to be sufficient to inhibit clump formation. No dissociation of the

clumps occurred.

Experiment 6b.-The minor population of a suspension was sensitized with

a serum previously treated with EDTA. No clumps were formed. The washed

suspension was then mixed with either specific or inert (Group AB) sera to

winch no EDTA had been added. No clumps developed following this treat-

ment.

Experiment 6c.-No loss of the anomalous clumping power of a serum was

observed after heating at 56 C. for 30 minutes, nor after storage of the

separated serum at 5 C. or minus 20 C. for several weeks. Clumping power

was also retained when serum was stored in contact with its own red cells

and clot for 7 days at 5 C.

Experiment 6d.-Attempts have been made to restore the clumping power

of a chelated serum by adding to it sufficient quantities of calcium or mag-

nesium ions. No restoration has been observed.

DISCUSSION

The production of agglutination by the reaction of an antibody with an

antigen on the surface of a red cell is the subject of two major theories.

One of these theories, namely the Marrack lattice theory, states that aggluti-

nates are produced by the simultaneous reaction of bivalent antibody molecules

with antigen sites on adjacent cells. Antibody molecules thus act as links

between cells. An alternative theory ascribed to Bordet suggests that the

combination of antibody with cells causes changes of surface properties which

favor the agglutination of the cells by nonspecific environmental factors.

These theories are discussed in detail by Boyd.2

The present series of experiments reveals a phenomenon which is neither

predicted nor adequately explained by either the Bordet or Marrack theories.

For this reason we believe that it is necessary to introduce a new term to

define the type of agglutinates we have described, and the expression “anomal-

ous mixed agglutinates” is proposed for this purpose. An anomalous mixed

agglutinate is produced by adhesion of a specifically sensitized erythrocyte

with an unsensitized erythrocyte of different antigenic composition. Purely

physical trapping of inagglutinable cells in large agglutinates does not con-

stitute anomalous mixed agglutination, although it would be difficult, in
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NEW PROPERTY OF ISO-AGGLUTININS OF ABO SYSTEM 1101

this situation, to exclude entirely the possibility of operation of forces similar

to those producing true anomalous mixed agglutinates.

In the present experiments any element of physical trapping of cells in

the formation of the anomalous agglutinates is effectively excluded. For such

trapping to occur, many specifically sensitized cells must adhere to produce

a matrix in which unsensitized cells become caught. Quantitative experiments,

of which Experiment 5 is typical, clearly demonstrate that only one minor

population cell ( and hence only one specifically sensitized cell) is involved

in each agglutinate. These agglutinates must therefore be thought of as

deriving from an active rather than a passive process. It appears that the

attachment of an iso-agglutinin molecule to a cell by an immunologically

specific reaction results in the exposure of a new property of the molecule,

namely its ability to react nonspecifically with other nonantigenic cells. The

fact that the serum used to sensitize the minor population cells shows no

tendency whatever to agglutinate nonantigenic cells when these are in “pure”

suspensions strongly suggests that the phenomenon of anomalous mixed ag-

glutination is necessarily associated with spatial orientation of the iso-agglu-

tinin molecule. It is convenient to visualize the iso-agglutinin molecule as

possessing one (or more) areas capable of exerting a nonspecific adhesion

with the surface of unsensitized cells. Reaction of the immunologically specific

sites of the molecule with the surface of a cell presumably results in an

orientation of the molecule so that these adhesive sites are distal from the cell

surface.

The suppression of the anomalous mixed agglutination phenomenon by

prior treatment of the sensitizing serum with chelating agents such as EDTA

implies that a metallic cation may play an important role in the chemical

properties of the nonspecifically adhesive portion of the iso-agglutinin mole-

cule. The failure of the cation-binding power of Dowex 50 to suppress

anomalous mixed agglutination suggests that this cation is inaccessible to

the resin beads and is therefore probably’ protein-bound. Data obtained in

Experiment 2 on the quantification of the suppression of anomalous mixed

agglutinates by EDTA is not informative since the minimum concentration

of EDTA required for suppression is of the same order as would be needed

to chelate all metallic cations in normal serum.

Whereas all (or at least a very high proportion) of iso-agglutinating sera

possess the property of producing anomalous mixed agglutinates, there ap-

pears to be some variation in tile ability of specimens of Group 0 erythro-

cytes to participate in this reaction (Experiment 4). Tile significance of this

finding is not understood at present. Possibly the participation of nonantigenic

red cells in anomalous agglutinates reflects their possession of a co-adhesive

property. Whether this property is genetically determined, and if so, whether

it is linked to any of the genes at present known to determine red cell antigens,

is a matter for future investigation.

SUMMARY

A new agglutination phenomenon in the ABO group system is described.

This phenomenon consists of the development of agglutinates by interaction
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1102 JONES AND KANEB

between a single specifically sensitized cell and other unsensitized, nonanti-

genic cells. Aggregates of cells formed in this way are tentatively described

as “anomalous mixed agglutinates.”

Some of the properties of anomalous mixed agglutinates have been in-

vestigated, and the impact of these properties on the current theories of

agglutination is briefly discussed.

SUMMARIO IN INTERLINGUA

Es citate datos que pare signalar un non previemente describite phenorneno

de agglutination in le systema ABO de gruppation de sanguine. Iste pheno-

meno consiste in le disveloppamento de agglutinatos per le interaction inter

un sol specificamente sensibilisate cellula e altere non-sensibilisate e non-

antigenic cellulas. Aggregatos de cellulas formate in iste maniera as describite

tentativemente como “anomale agglutinatos mixte.”

Certe proprietates de anomale agglutinatos mixte esseva investigate. Le

signification de iste proprietates con respecto al theorias currente del ag-

glutination es discutite brevemente.
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