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The purpose of this study was to determine
whether the abnormal serum factors of acquired
hemolytic anemia in patients with leukemia and
lymphoma could be characterized as antibody by
the immune adherence technique. The patho-
genesis of this disorder has not been completely
explained and it was felt that the study of specific
immunologic reactions might help to determine
whether these serum factors are erythrocyte anti-
body. The technique of immune adherence (1, 2)
was used not only because its flexibility and sensi-
tivity make it most suitable for the study of anti-
gen-antibody reactions but particularly because,
insofar as is at present known, immune adherence
will not occur unless antigen and specific comple-
ment-fixing antibody are present. The basic
premise of this reaction states that in the presence
of antigen, specific antibody, complement, and
indicator (either primate red cells or nonprimate
platelets), the antigen will adhere to the indicator
particles. Immune adherence may be determined
either macroscopically by red cell floccule forma-
tion or microscopically by dark-field illumination.

METHODS AND MATERIALS

A. Patient group

Serum samples taken from a total of 7 patients with
acquired hemolytic anemia, ranging in age from 45 to 75
years, were studied. Two of the patients had lympho-
cytic lymphoma, 1 had Hodgkin's disease, 2 had chronic
lymphocytic leukemia, 1 had acute monocytic leukemia
and 1 had multiple myeloma. One patient with lymphoma
bad been treated with X-ray, nitrogen mustard, adreno-
cortical steroids and blood transfusions. Blood trans-

* This investigation was supported by a research grant
(H-1577 C5) of the U. S. Public Health Service. Pre-
sented in part to the Fifty-Second Annual Meeting of the
American Society for Clinical Investigation (Section
IV, Hematology), Atlantic City, N. J., May 1, 1960.
t Formerly U. S. Public Health Research Fellow. Pres-

ent address: Veterans Administration Hospital, Coral
Gables, Fla.

fusions also were given to the patient with multiple mye-
loma. None of the other patients received either tumor
therapy or blood transfusions.

B. Tests for sensitization

Direct and indirect antiglobulin tests were performed
as described by Coombs, Mourant and Race (3) and
Jandl and Castle (4). Both the antihuman globulin
and patient serums were used at full strength only and
neither direct nor indirect Coombs titers were deter-
mined.

C. Preparation of reactants

1. Indicator. Guinea pig platelets were used as indi-
cator particles. They were collected and handled as de-
scribed by Nelson and Nelson (5). Eight ml of Alsever's
solution, previously chilled in ice, was drawn into a 20 ml
syringe which had been kept in a freezer for 30 minutes.
Eight ml of cardiac blood from a 500 g guinea pig was
aspirated directly into the ice-cold solution. The blood
then was transferred to a 30 ml, iced, Pyrex test tube.
All centrifugation was done at 00 C. The blood-Alsever's
solution was centrifuged at 80 G for 30 minutes. The
supernatant was removed carefully with a capillary
pipet and transferred to a 40 ml lipped, round-bottom
tube and centrifuged at 900 G for 20 minutes. The su-
pernatant again was removed and discarded. The plate-
let button was resuspended by gentle agitation and the
dropwise addition of 5 ml of cold Alsever's solution. The
spinning and washing were repeated twice. The platelet
button finally was resuspended in 2 ml gelatin veronal
buffer (GVB) and centrifuged at 35 G for 5 minutes in
order to remove any platelet clumps. This method re-
sulted in minimal platelet clumping and gave relatively
homogeneous platelet suspensions. The supernatant fluid,
containing only platelets, was standardized to 50 per cent
transmission on a Beckman DU spectrophotometer at a
wave length of 400 my.

2. Antigen. Normal, type 0, Rh negative erythrocytes,
both unsensitized and sensitized with patient serum, and
Coombs positive patient erythrocytes were used as anti-
gen. The blood was collected directly into Alsever's sol-
ution (2 ml Alsever's to 1 ml whole blood) and was
either used the same day or stored at 4° C for a maxi-
mum of 48 hours. In the latter instance, 250 U of
aqueous penicillin G per ml blood-Alsever's solution was
added to inhibit bacterial growth. The red cells were
washed three times with GVB and made up to a 2 per
cent solution in GVB. In this assay they were used
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TABLE I

Checkerboard titration in immnune adherence

Antigen* Antibodyt dilution

Concentration Dilution 1: 100 1:200 1:400 1:800 1: 1,600

2 Undiluted +2 +3 +4 +3 +2
2 1:2 +1 +1 +2 +3 +1
2 1:4 0 0 +1 +1 0

* Human, type A erythrocytes.
t Homologous, type A antiserum.

undiluted at 2 per cent, and at dilutions of 1: 2 and 1: 4
of the 2 per cent suspension with GVB.

3. Complement. Normal, human, type AB, Rh nega-
tive serum was used as the complement source. It was
kept at - 700 C in 1-ml aliquot portions in screw-top
vials. After quick thawing it was used in a constant di-
lution of 1: 40 with GVB.

4. Antibody. In order to determine the suitability of
the immune adherence (IA) technique for the detection of
erythrocyte antibody, heterologous typing serums such
as anti-M and anti-N were used as antibody source in
dilutions of 1: 100 and 1: 1,600. Human, type-specific
anti-A and anti-B serums of the natural and immune
type and both agglutinating and incomplete (nonaggluti-
nating) anti-Rh0 (D) serums were used as homologous
antibody in the same dilutions. An initial dilution of
1: 100 was used because, except for the incomplete anti-
Rh0 (D) serum, in dilutions below this concentration,
the red cells were agglutinated spontaneously by the
antiserums. In an analogous manner, patient serums
and a broad-spectrum antihuman globulin 1 were used as
antibody source in dilutions of 1: 10 to 1: 160. This di-
lution range was employed because it afforded optimal
reactivity in the assay. Conventional agglutination titers
were not performed on the individual antiserums.

D. Performance of the assay

All reactants were kept at 0° C in crushed ice prior to
their combination. Screw-top vials with a 2 ml capacity

1 Supplied by the Ortho Pharmaceutical Corporation,
Raritan, N. J.

FIG. 1. A POSITIVE IMMUNE ADHERENCE REACTION UN-

DER DARK-FIELD MICROSCOPY. The erythrocytes are ad-
herent to the guinea pig platelets which are seen as lumi-
nescent particles between the red cells (X 450).

were used in the test. Regardless of its source, 0.25 ml
of antibody in the dilutions noted previously was added
slowly to 0.25 ml-aliquots of each red cell dilution (anti-
gen) so that a checkerboard pattern titration resulted.
This type of titration was constructed because optimal re-

activity in IA is dependent in large part upon the relative
concentrations of antigen and antibody. The vials were

rotated at 6 rpm in a 370 C incubator for 10 minutes.
Upon removal, 0.5 ml of chilled complement (1: 40 dilu-
tion) was added to the antigen-antibody mixture in each
vial. The 10 minute incubation, with slow rotation, was

repeated and 0.1 ml of the indicator platelet suspension
then was added to each vial. The vials were rotated at
370 C for 40 minutes and removed from the incubator.
Wet coverslip preparations, made by placing one drop of
the incubation mixture on a glass slide, were examined
microscopically under dark-field illumination. IA of the
red cells to the platelets indicated the presence of erythro-
cyte antibody. The reaction was read as negative when
no red cells were adherent to the platelets, as a trace
when less than 10 per cent of the red cells adhered to the

BLE II

Type-specific erythrocyte immune adherence reactions

Antibody dilution

Antigen Antibody 1:100 1:200 1:400 1:800 1:1,600

M erythrocytes Heterologous anti-M +2 +2 +4 +3 +2
N erythrocytes Heterologous anti-N +2 +4 +3 +2 +2
A erythrocytes Homologous anti-A +2 +3 +4 +3 +2
B erythrocytes Homologous anti-B +2 +3 +4 +3 +2
Rho (D) erythrocytes Homologous anti-Rho (D)

Agglutinating +2 +2 +4 +2 +2
Incomplete
(nonagglutinating) +1 +1 +2 +1 0
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platlets, + 1 when there was IA of 10 to 25 per cent of
the red cells, + 2 with IA of 25 to 50 per cent of the red
cells, + 3 with IA of 50 to 75 per cent of the red cells,
and + 4 with IA of more than 75 per cent of the eryth-
rocytes. An example of this type of titration is illustrated
in Table I.

RESULTS

A. Tests for erythrocyte sensitization. All pa-

tients except the one with Hodgkin's disease had
positive direct and indirect antiglobulin reactions.
There was good agreement between the antihuman
globulin (3) and the polyvinylpyrrolidone (4)
tests in these patients.

B. IA antibody assays. IA occurred when
heterologous anti-M and anti-N and homologous
anti-A, anti-B and both types of anti-Rh, (D)
serums were reacted with erythrocytes of the ap-

propriate antigenic structure (Figure 1). Except
for anti-N and incomplete anti-Rh0 (D), the reac-

tions were + 4 at dilutions of 1: 400 and + 2 at
dilutions of 1: 1,600 in both the heterologous and
homologous titrations. Dilutions of anti-N sera

revealed a + 4 reaction at 1: 200 and + 2 at 1: 800.
The incomplete (nonagglutinating) anti-Rh0 (D)
serum from a sensitized female gave a + 2 IA re-

action in serum dilutions of up to 1: 400. Control
tubes lacking either complement or antibody were

negative for IA. These results are summarized in
Table II. IA did not occur when patients' se-

rums were reacted with their own erythrocytes
or when untransfused patient serum was reacted
with normal erythrocytes. In the patient with
Hodgkin's disease, who had negative direct and
indirect Coombs reactions, IA did not occur in any

of the antigen-antibody combinations employed.
However, when the serums of the two patients who
had been repeatedly transfused were reacted with

normal red cells, IA (+ 2) did occur in dilutions
of 1: 160. IA was also noted when antihuman
globulin was reacted with serum-sensitized normal
and Coombs positive patient erythrocytes. The
patterns in these assays revealed a + 4 reaction at
a 1: 40 dilution and a + 1 at a 1: 160 dilution.
Control tubes lacking antibody or complement
were negative. These results are summarized in
Table III.

DISCUSSION

The occurrence of IA when type-specific heter-
ologous and homologous antiserums were reacted
with appropriate erythrocytes indicates that this
method is a sensitive indicator for the detection
of natural and immune erythrocyte antibody. The
increased sensitivity of IA as compared to con-

ventional agglutination techniques permitted dem-
onstration of antibody titers up to a dilution of at
least 1: 1,600. Maximum anti-N titers in a dilu-
tion of only 1:800 may depend on the diminished
antigenicity of the N substance when compared to
other blood-group factors. The most significant
observation of this study was the absence of IA
when serum from patients with acquired hemolytic
anemia was reacted with either their -own or nor-

mal erythrocytes. This indicated that a specific
antigen-antibody reaction did not occur and that
erythrocyte antibody was not present in these pa-

tients as measured by the IA technique, despite
positive direct and indirect Coombs antiglobulin
reactions. The test originally described by
Coombs, Mourant and Race (6) was a new one

for the detection of "incomplete" Rh agglutinins.
Subsequently, other laboratory methods have been
devised to demonstrate possible erythrocyte sen-

TABLE III

Erythrocyte immune adherence in acquired hemolytic anemia (A HA)

Antibody dilution

Antigen Antibody 1:10 1:20 1:40 1:80 1:160

AHA erythrocytes AHA serum 0 0 0 0 0

Normal erythrocytes Nontransfused AHA serum 0 0 0 0 0

Normal ervthrocytes Transfused AHA sertim 0 0 +1 +2 +2

AHA serum-sensitized Antihuman globulin +1 +3 +4 +3 +1
normal erythrocytes
Coombs positive Antihuman globulin +2 +3 +4 +2 +1
patient erythrocytes
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sitization or coating. These modifications have
certain disadvantages because they may depend
on alteration of the red cell surface or on high mo-
lecular substances used as suspending media. For
example, a positive direct antiglobulin test may be
obtained when the red cells are incubated with
phenylhydrazine (7), upon exposure to heavy
metals (8, 9) or when the red cell surface is altered
by enzymes such as trypsin (10). Agglutination
of erythrocytes in albumin-type media may be
unrelated to erythrocyte sensitization (11). Many
normal human serums have an auto-agglutinating
property which has never been adequately ex-
plained (12). Silicates in colloidal solution may
cause red cells to absorb serum protein in vitro
and false positive antiglobulin reactions may oc-
cur (13). A positive direct antiglobulin test,
therefore, does not necessarily imply that the reac-
tion is immunologic in nature. IA occurred when
the serum of patients who had received multiple
transfusions was reacted with normal washed
erythrocytes. It is probable that IA detected in-
complete antibodies which had developed in re-
sponse to weak erythrocyte antigens. These anti-
bodies could not be detected during usual blood
typing procedures and were not sufficiently re-
active to cause a clinical transfusion incompati-
bility. Although isosensitization can occur follow-
ing multiple transfusions, this is not the mechanism
of the acquired hemolytic anemia secondary to
neoplastic disease.
The presence of IA when antihuman globulin

was reacted with experimentally or naturally sen-
sitized erythrocytes was of considerable interest.
Positive reactions were noted in antibody dilutions
up to 1: 160. In this type of IA reaction the glob-
ulin coating the red cell surface acts as antigen
with the heterologous antibody in the Coombs se-
rum. The major portion of the coating material
which can be eluted from sensitized red cells ap-
pears to migrate electrophoretically with the
gamma globulin fraction of the plasma proteins
although alpha and beta globulins also may be
found in the same eluate (14-16). After ultra-
centrifugation, the gamma globulins are present
both in the 7S fraction and in the 19S fraction
(17) suggesting that these materials constitute a
somewhat heterogeneous group. Most antihuman
globulin serums now available include antibodies
against the gamma and non-gamma globulin serum

fractions (18), providing additional evidence that
this IA reaction was antigen-antibody in nature.

There was an awareness during this study that
the absence of IA when patient serums were reac-
ted with their own or normal erythrocytes might
perhaps be due to a noncomplement-fixing anti-
body not active in the IA system. Consequently,
because it is incomplete, because it is demonstrable
by antihuman globulin, and because it was thought
not to fix complement, nonagglutinating anti-D
was employed as a prototype antibody in an at-
tempt to reconcile this problem.
The observation that IA did occur when incom-

plete (nonagglutinating) anti-D was reacted with
appropriate erythrocytes was important for two
reasons. First, it demonstrated, by IA at least,
that this antibody does fix complement. In this
regard it should be pointed out that failure to dem-
onstrate complement fixation with prior assays
may have been due to the relatively insensitive
methods utilized for this determination. Al-
though the IA technique has not been widely em-
ployed in clinical investigation, it is, nevertheless,
a well known, well accepted, generalized immuno-
logic phenomenon which will not occur in the ab-
sence of specific complement-fixing antibody (19).
This method is more than ten times as sensitive
as standard immunologic procedures now em-
ployed (20) and has detected antibodies against
treponemes (1), bacteria (2), fungi (21), starch
(21) and viruses (22). In addition, IA with in-
complete anti-D, which resembles in certain lim-
ited respects the serum factors of this type of ac-
quired hemolytic anemia, supports the assumption
that antibody directed against erythrocytes was
not present in the serum of these patients. This
does not, of course, completely deny the existence
of an antibody which is not detectable by this par-
ticular immunologic method.
The concept of auto-antibody formation (23, 24)

has been invoked repeatedly to explain the patho-
genesis of the serum factors responsible for ac-
quired hemolytic anemia. This hypothesis is
based on the following observations. The ma-
terials present in the serum may be gamma globu-
lins (25) which behave in vitro to cause either di-
rect or indirect agglutination of red cells with anti-
human globulin. Also, these factors may be eluted
from coated red cells in a fashion similar to that
for antibody elution (26). It is believed that this
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serum auto-antibody becomes attached to red cells
in vivo resulting in their premature sequestration
and removal from the circulation (27, 28). This
erythrocyte auto-antibody hypothesis has been
strengthened by analogy to the experimental dem-
onstration of auto-antibody formation to thyroid
gland (29), lens (30), neurologic tissue (31) and
sperm (32).
Although there are many similarities between

acquired hemolytic anemia and auto-immune dis-
orders, the analogy is not complete and there are
a number of reasons which suggest that these
abnormal serum factors are not erythrocyte auto-
antibody. In order to fulfill the strict criteria for
antibody a factor must be shown to be an immu-
nologic response of the organism to a specific anti-
gen. Furthermore, this serum antibody must be
shown to react with the original antigen (33).
Experimental attempts to fulfill these requirements
have either failed (34) or have been only partially
successful (35-37). The ability of eluates from
Coombs positive erythrocytes to produce active
antiglobulin serum (38) and also to fully coat and
sensitize all human erythrocytes (39) is recog-
nized, but this does not necessarily establish an
antigenic relationship with red cells. In addition,
sensitization of normal red cells by concentrated
eluates from a patient with Coombs negative ac-
quired hemolytic anemia did not cause significant
alteration of the in vivo survival of the red cells.
On the other hand, when type D red cells were
sensitized by the concentrated eluate from anti-D
coated erythrocytes, such cells disappeared rapidly
from the circulation and were sequestered in the
recipient's spleen (40). The auto-antibody con-
cept of disease has been extended clinically to in-
clude idiopathic thrombocytopenic purpura (ITP)
and some leukopenic states. The association of
acquired hemolytic anemia with ITP is not un-
common (41) and occasionally it has been re-
ported with immunoleukopenia or immunopancy-
topenia (42). Although concomitant auto-anti-
body production to each of the formed elements
of the blood may be possible, it seems highly im-
probable that this type of immune response would
occur.
The failure to characterize the serum factors ca-

pable of red cell sensitization as erythrocyte anti-
body by the IA technique in these patients sug-
gests that they are not the result of antigenic stimu-

lation by red cells. However, an alternate hy-
pothesis may be offered to explain this syndrome.
In patients with lymphoproliferative and related
disorders there may be an as yet undertermined, ab-
normal stimulus to or distortion of the antibody-
producing mechanisms of the body. This may al-
low the formation of certain globulins or factors,
which may be antibody in nature, but whose anti-
genic relationships remain unrecognized. It has
been demonstrated experimentally in animals that
specific immunization is accompanied not only by
specific antibody formation but also by the ap-
pearance of gamma globulins nonreactive with the
original challenge (43-45). A clinical counterpart
of this experiment may perhaps be seen in some
patients with primary atypical pneumonia and in-
fectious mononucleosis who reveal certain serologic
abnormalities such as rising heterophile titers and
biologically false positive tests for syphilis and who
also develop transient acquired hemolytic anemia
(46-49). Finally, to complicate this multi-faceted
problem still further, the de novo synthesis of
humoral antibody in patients with neoplastic dis-
ease is often impaired (50, 51), and yet it is this
type of patient who not infrequently develops ac-
quired hemolytic anemia.
The observations noted in this study do not dis-

prove the auto-antibody hypothesis of acquired
hemolytic anemia nor do they necessarily relate
either to idiopathic acquired hemolytic anemia
or acquired hemolytic anemia associated with other
disease states, since these disorders have not been
investigated. They do, however, provide addi-
tional support for the concept that these serum fac-
tors in lymphoma and leukemia are not erythro-
cyte auto-antibody (52, 53). It is suggested that
these serum factors, having an affinity for the
erythrocyte surface, may represent another mani-
festation of the dysproteinemic state.

SUMMARY

1. The purpose of this study was to determine
whether the abnormal serum factors of acquired
hemolytic anemia in patients with leukemia and
lymphoma could be characterized as erythrocyte
antibody by the immune adherence technique.

2. The serum factors capable of red cell sensiti-
zation in these patients did not react as erythrocyte
antibody in immune adherence.
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3. It is suggested that these factors, which have
an affinity for the erythrocyte surface, may repre-
sent another manifestation of the dysproteinemic
state.
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ANNOUNCEMENT OF MEETINGS

The Fifty-Third Annual Meeting of THE AMERICAN SOCIETY FOR
CLINICAL INVESTIGATION will be held in Atlantic City, N. J., on Sunday
afternoon and evening, April 30, 1961, in the Chalfonte-Haddon Hall (jointly with
the AFCR); and on Monday, May 1, at 9:00 a.m., at the Casino Theater on the
Steel Pier.

The Eighteenth Annual Meeting of THE AMERICAN FEDERATION
FOR CLINICAL RESEARCH will be held in Atlantic City, N. J., on Sunday,
April 30, 1961, at 9:00 a.m., at the Casino Theater on the Steel Pier. On Sunday
afternoon and evening, April 30, 1961, a joint sectional meeting with THE
AMERICAN SOCIETY FOR CLINICAL INVESTIGATION will be held
in rooms in the Chalfonte-Haddon Hall.

THE ASSOCIATION OF AMERICAN PHYSICIANS will hold its
Seventy-Fourth Annual Meeting in Atlantic City, N. J., at the Casino Theater
on the Steel Pier on Tuesday, May 2, 1961, at 9:30 a.m., and in the Carolina Room,
Chalfonte-Haddon Hall, on Wednesday, May 3, 1961, at 9 :30 a.m.
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