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Heterophile, Hanganutziu-Deicher (H-D) antigen was
studied in pathologic sera by means of inhibition of
agglutination of bovine erythrocytes by H-D antibodies.
H-D antigen was demonstrated in 38% of random cancer
sera, 25% of lymphoma or leukemia sera, 25% of leprosy
sera, 8% of infectious mononucleosis sera, 6% of rheu-
matoid arthritis sera, and 27% of synovial fluids of rheu-
matoid arthritis patients. None of 134 normal human
sera gave positive results. Some of the inhibition-posi-
tive cancer sera formed precipitation lines with H-D
antibody-containing sera. Over 50% of various extracts
of cancer tissues as well as spleens of lymphoma or
leukemia patients were shown to contain H-D antigen
by means of the inhibition test.

More than half a century ago, Hanganutziu (1) and Deicher
{2) described “serum-sickness antibodies” that combined with
sheep (SRBC) and bovine erythrocytes (BRBC)® and that were
formed as a result of injections of human patients with foreign
species sera such as horse antisera to diphtheria or tetanus
toxin. Our previous studies (3) have shown that heterophile
antibodies of this type were found, although infrequently, in
sera of patients with various diseases who never received any
injections of foreign species sera. Therefore, we used the term
Hanganutziu-Deicher (H-D) antibodies and abandoned the
misnomer “serum-sickness antibodies”. More recently, we
found H-D antibodies of high titers (4) and complexes composed
of H-D antigen and antibodies {5) in some rheumatoid arthritis
sera (RAS).

Our previous studies (6-9) showed that spleens of patients
with lymphomas and leukemias frequently contained Paul-
Bunnell (P-B) antigen detectable by reactions with infectious
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mononucleosis (IM) sera. We have also found H-D antigen in
some of these tissues (7). More recently, it was demonstrated
that P-B antigen is present in the circulation of patients with
malignancies and rheumatoid arthritis as well as in extracts of
malignant tissues (10).

In the present study, the appearance of H-D antigen and H-
D antibodies in sera of patients with various malignancies and
RAS was investigated. Attempts were also made to identify H-
D antigen in extracts of various malignant tissues.

MATERIALS AND METHODS

Human sera. Sera of patients with various malignant diseases
were gifts of several clinical colleagues from Buffalo and other
areas in this county. RAS and synovial fluids (RASF) were
obtained at the Veteran’s Administration Hospital, Buffalo, N.
Y. and E. J. Meyer Memorial Hospital, Buffalo, N. Y. Sera of
patients with leprosy were kindly supplied by Dr. J. Convit of
the National Institute of Dermatology, Caracas, Venezuela.
Sera of patients with IM were kindly supplied by Dr. L. M.
Musselman of the Student Health Service of this university.
Sera of blood donors were kindly supplied by Dr. R. M. Lambert
of the Buffalo Red Cross Center, Buffalo, N. Y. Normal human
sera were obtained from apparently healthy staff members of
this department. All human sera were stored at —20°C and
were heat inactivated at 56°C for 30 min before use.

Animal sera. Bovine sera obtained at a local slaughterhouse
were heat inactivated at 56°C for 30 min before use.

Human and animal RBC. Human RBC of blood group A or
B as well as BRBC and SRBC were kept in acid citrate dextrose
solution at 4°C for no longer than 2 weeks.

Human tissues. Human spleens were removed from patients
with lymphomas or leukemias at surgery in the Roswell Park
Memorial Institute, Buffalo, N. Y. Cancer and normal tissues
were obtained at autopsy in the Buffalo General Hospital,
Buffalo, N. Y.

Bovine spleens were obtained at a local slaughterhouse.

Purified H-D and P-B antigens. These were kindly supplied
by Dr. J. M. Merrick of this department. The details of the
procedures used for the preparation of these antigens were
published elsewhere (11, 12).

Tissue extracts. Perchloric acid extracts (PAE) were pre-
pared according to the technique of Krupey et al. (13) with a
modification described in (14). These extracts were used in our
previous studies on carcinoembryonic antigen (14).

Crude saline extracts (CSE) were prepared by mincing and
homogenizing tissues by means of a Waring Blendor for 10 min
in 2 volumes of 0.15 M saline. The homogenate was then
centrifuged at 35,000 X G for 30 min. The supernatant was
recovered and heated at 100°C for 60 min. After centrifugation
at 35,000 X G for 30 min, the second supernatant, CSE, was
recovered and lyophilized.
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Inhibition of agglutination of trypsinized BRBC. BRBC
were washed three times with phosphate-buffered saline, pH
7.2 (PBS) and resuspended at a concentration of 2% (v/v). An
equal volume of 2% (w/v) solution of trypsin (Trypsin 1-300,
ICN Pharmaceuticals, Inc., Life Science Group, Cleveland,
Ohio) in PBS was added to the cell suspension and the mixture
was incubated for 30 min at 37°C. The treated BRBC were
then washed six times with cold PBS and resuspended at a
concentration of 1% in PBS.

Standard, H-D-antibody-containing serum 185 from the pre-
vious study (5) at a dilution corresponding to four agglutinating
units was used for the inhibition test. This serum and the
specimen to be tested (preabsorbed with untreated BRBC)
were mixed each at 50 ul volume and the mixture was left for 2
hr at 20°C. Thereafter, 100 pl of a 1% suspension of trypsinized
BRBC were added to the mixture. The tubes were left for
another 2 hr at 20°C and were centrifuged at 1500 rpm for 2
min. The agglutination was then examined after shaking the
tubes gently.

Double diffusion gel precipitation test. Agarose (SeaKem,
Marine Colloids, Inc., Springfield, N. J.) was dissolved in saline
at 100°C to give a 0.5% (w/v) solution; 4 ml of such solution
were poured into a plastic Petri dish (Falcon Plastics, Culver
City, Calif.). After the agarose solidified, circular wells, 5 mm in
diameter, were cut at an edge-to-edge distance of 2.5 mm. Wells
were filled with tested specimens and the Petri dishes, closed
by cover lids, were left for 3 days at 4°C. Thereafter, pictures
were taken.

Cytolysis in agar gel. The test was performed as described
previously (15).

Absorption test. Pooled guinea pig tissues were homogenized,
boiled, and centrifuged. The sediments were washed three times
with PBS and used for absorption. Sediments of washed BRBC,
SRBC, or human RBC of group A or B were also used. An
appropriately diluted serum was mixed with an equal volume
of each of these specimens. The mixtures were incubated for 1
hr at 20°C and centrifuged at 4,000 X G for 5 min. The
absorption was repeated twice more with fresh materials and
the supernatant was recovered.

Sucrose density gradient ultracentrifugation. Sera of cancer
patients or RSF that showed strong inhibitory activities against
H-D antibodies were fractionated by sucrose gradient centrif-
ugation following the procedure described by Fudenberg and
Kunkel (16). Briefly, 0.5 ml of a sample was overlayered on top
of a 10 to 40% (w/v) sucrose gradient in PBS and centrifuged at
30,000 rpm for 16 hr at 4°C in a Spinco L-2 ultracentrifuge by
using an SW50-1 rotor. Fractions were collected dropwise di-
rectly from the bottom of the centrifuge tube and assayed by
the inhibition of agglutination of trypsinized BRBC. The P-B
antibody of an IM serum was used as a marker for IgM, and
incomplete Rh antibody (anti-CD) was used as a marker for
IgG.

Gel filtration. Five milliliters of serum from a patient with
chronic lymphocytic leukemia (CLL) were filtered through a
Sephadex G-200 (Pharmacia, Uppsala, Sweden) column, 90 x
2.5 cm, equilibrated with PBS. Fractions of 70 drops each were
collected dropwise and read for absorbance of light at a wave
length of 250 nm and 280 nm. Fractions of each peak of protein
concentration were pooled and lyophilized. Protein concentra-
tions were adjusted to 10 mg/ml (w/v) in PBS and used for
serologic tests.

Immunoelectrophoresis. The procedure of Scheidegger (17)
with the use of an Immunophor apparatus from LKB Productor
AB, Stockholm, Sweden, was employed.
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RESULTS

Sera of cancer patients along with sera of random blood
donors were, at first, studied for the presence of heterophile
antibodies. As summarized in Table 1, of 118 cancer sera, eight
sera had lytic titers of 80 or more against BRBC and 12 sera
had titers of 80 or more against SRBC. The frequency of sera
with lytic titers of 80 or more against BRBC or SRBC among
298 blood donors was 4 and 15%, respectively. Of the eight
cancer sera with BRBC lysin titers of 80 or more, two had
SRBC lysin titer of 320, one with 160, and the remaining five
with 40. The specificity of the BRBC lysins in these eight sera
was then investigated by absorption tests. BRBC lysins of all
these eight sera studied could be removed by absorption with
either SRBC or guinea pig kidney, indicating that these lysins
were H-D antibodies.

To ascertain further the H-D specificity of the heterophile
antibodies in cancer sera, serum 15 was selected for additional
studies. As reference sera, RAS 185 with H-D antibodies, which
were used in our previous investigation (4, 5), and an IM serum
G.C. with P-B antibodies were employed. Inhibition tests were
performed with solubilized and purified H-D and P-B antigens
obtained from BRBC stroma. Both antigens were prepared at
an original concentration of 1 mg/ml. Dilutions of sera were
adjusted to contain four agglutinating units against trypsinized
BRBC and then various dilutions of inhibitors were added. As
seen in Table I, H-D antigen inhibited agglutinins in the cancer
serum as well as the RAS 185 at a titer of 64, whereas P-B
antigen did not affect these agglutinins. In contrast, agglutinins
of the IM serum were inhibited by P-B antigen at the titer of
128 but they were not inhibited by the H-D antigen. As ex-
pected, bovine serum albumin (BSA), a rich source of H-D
antigen, showed inhibitory activity for agglutinins of the cancer
serum and the RAS but not for those of the IM serum. Human
serum albumin (HSA) did not affect agglutinating activity of
any of these sera.

To demonstrate H-D antigen in sera of patients with various
diseases including cancer patients and in extracts of various

TABLE 1
Heterophile antibodies in sera of cancer patients
No. of Sera with Lytic Titers of:

Total
=40 80 160 320 640 =1280
Sera of cancer patients
BRBC 110 5 1 0 0 2 118
SRBC 106 1 8 4 1 0 118
Sera of random blood do-
nors
BRBC 286 10 1 0 1 0 298
SRBC 251 27 2 2 6 6 298

TABLE II
Characterization of heterophile antibodies in cancer serum:
inhibition of agglutination of trypsinized BRBC by solubilized
Hanganutziu-Deicher (H-D) and Paul-Bunnell (P-B) antigens
Inhibiting Titers of:

Antibodies from: H-D P-B BSA“° HSA®
antigen antigen (30 mg/ {30 mg/
{1 mg/ml) (1 mg/ml) ml) ml)
Cancer serum 15 64 <1 8 <1
RAS 185 64 <1 4 <1
IM serum G.C. <1 128 <1 <1

¢ Bovine serum albumin.
® Human serum albumin.
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malignant tissues, inhibition of agglutination of trypsinized
BRBC by H-D antibodies was performed. Table III shows
representative results obtained in inhibition tests. As seen in
the table, cancer serum 10 inhibited agglutination up to a titer
of 16. The remaining four cancer sera showed inhibitory titers
between 1 and 8. CSE of CML spleen 157 showed a high
inhibition titer of 64 and CSE of Hoedgkin’s disease spleen and
another CML spleen had inhibition titers of 4 and 1, respec-
tively.

As summarized in Table 1V, 66 of 172 cancer sera (38.4%)
and 6 of 24 lymphoma or leukemia sera (25%) inhibited H-D
antibody activity of the standard serum. All these “H-D inhi-
bition”-positive sera were tested for inhibition of agglutination
of trypsinized Rh-positive group O RBC by anti-Rh serum,
Ripley. None of these sera gave positive results. This would
indicate that the observed inhibition of H-D antibody was not
due to the presence of nonspecific factors in the sera. In addi-
tion, 6% of RAS, 27% of RASF, 25% of leprosy sera, and 8% of
IM sera gave positive inhibition tests. Sera of 24 patients with
IM-like symptoms gave negative results. In contrast, none of
sera from 100 random blood donors or 34 healthy staff members
of this department gave positive results. In studying extracts of
various malignant tissues, it was found that 50% of PAE from
cancer tissues, 50% of PAE prepared from spleen tissues of
lymphomas or leukemias, and 60% of CSE of these spleens gave
positive results. PAE and CSE of 18 apparently normal tissues
gave negative results,

Double diffusion gel precipitation tests were employed to
study H-D antigen in malignancy sera selected by inhibition of
agglutination tests. For these experiments, H-D-antigen-con-
taining sera with inhibition titer of 8 or greater were used. As
seen in Figure 1, all these antigen-containing cancer sera formed
a sharp precipitation line in their reaction with H-D antibody-
containing cancer serumn 15, These lines merged into a reaction
of identity with each other and alsc with the line formed by
bovine serum (a rich source of H-D antigen).

The specificity of the precipitation reaction between the two
cancer sera was further investigated. As seen in Figure 2, the

TABLE I
Agglutination of trypsinized BRBC by standard H-D-antibody-
containing serum, RAS 185: inhibition of reaction by cancer sera
and spleen extracts

Inhibition of Agglutination of Trypsinized BRBC by
RAS 185" with Cancer Sera and Malignant Tissue Ex-
tracts at Dilution of 1:

1 2 4 8 16 32 64 128 256 512
Sera of cancer pa-
tients:
10 - = = = =+ 4+ ++ ++ ++
24 - = = =+ o+t ++
145 - = = = 4+ ++ ++ ++ e+
16 - = 4+ 4+ o+ b ++
153 - 4+ ++ ++ ++ A+ FF A
Extracts of:’
Spleen 157° - = = e = = = 4 4 44
Spleen 1497 T S S A S e s
Spleen 150° ~ 4+ ++ 4+ F+ F+ A A
Bovine spleen - - - = = 4 4+

¢ Four agglutinating units of H-I) antibody were used.

? Boiled saline extracts at a concentration of 5 mg (dry weight)/ml.
¢ Spleen from a patient with chronic myelocytic leukemia.

? Spleen from a patient with Hodgkin’s disease.
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TABLE 1V
Hanganutziu-Deicher antigen in pathologic sera and tissues
Positive %  Total
Sera from patients with:
Cancer 66 384 172
Lymphomas or leukemias 6 25.0 24
Rheumatoid arthritis 8 55 146
Leprosy 3 25.0 12
Infectious mononucleosis 1 8.3 12
Infectious mononucleosis-like symptoms 0 0 24
Sera from:
Blood donors [ 0 100
Healthy staff members 0 0 34
Synovial fluids of rheumatoid arthritis pa- 4 26.7 15
tients
Extracts® of tissues from patients with:
Cancer
PAE’® 6 50.0 12
Lymphomas or leukemias
PAE’ 4 50.0 8
CSE¢ 6 60.0 10

Extracts from apparently normal tissues
PAE & CSE° 0 0 18

? Concentration was adjusted to 5 mg (dry weight)/ml.

® Perchloric acid extracts from four colon and eight liver specimens.

“ Perchloric acid extracts of eight spleen specimens.

4 Saline extracts from 10 spleen specimens obtained at 100°C.

¢ Perchloric acid extracts and saline extracts obtained at 100°C from
liver, spleen, kidney, testicles, muscles, and pooled sera.

Figure 1. Lower left well, cancer serum 145; middle well, cancer
serum 15 (H-D antibody); lower right well, bovine serum; upper left
well, cancer serum 24; upper right well, cancer serum 74,

H-D-antibody-containing serum 15 formed precipitation lines
with H-D-antigen-containing serum 24 and with bovine serum;
these two lines merged into a reaction of identity. There were
no reactions of serum 15 with P-B antigen. In contrast, when
the serum 15 was replaced by an IM serum with P-B antibodies,
no reactions were observed with the H-D-antigen-containing
serum or bovine serum, but strong reactions were noted with
P-B antigen. Immunoelectrophoresis was performed with anti-
gen-containing serum 24. As seen in Figure 3, a precipitation
arc was formed around the well in the reaction with antibody-
containing serum.

Preliminary study was performed to obtain some information
on the molecular size of the H-D antigen found in cancer sera
and RASF. Four cancer sera and two RASF were fractionated
by means of sucrose density gradient ultracentrifugation. H-D
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Figure 2. Lower middle wells: a, cancer serum 15 and b, IM serum
G.C.; lower right and left wells in a and b: P-B antigen; upper left
wells in a and b: bovine serum; upper right wells in a and b: cancer
serum 24.

5

Figure 3. Immunoelectrophoresis: well, cancer serum 24 (H-D anti-
gen); trough, cancer serum 15 (H-D antibody).

antigenic activities in two cancer sera and one RASF were
found in fractions containing predominantly IgM or serum
proteins of larger size and fractions containing albumin or
serum proteins of smaller size. In the remaining two cancer
sera, however, the antigenic activity was found only in the
former fractions or in the latter fractions. When an H-D-anti-
gen-containing CLL serum was fractionated by Sephadex G-
200 gel filtration, H-D activity was found in IgM-rich fractions
as well as in albumin-rich fractions.

DISCUSSION

As mentioned in the Introduction, H-D antibody was discov-
ered in the 1920’s (1, 2). With serum therapy of diphtheria and
serum prophylaxis of tetanus largely replaced by active immu-
nization, interest in H-D antigen and antibody has considerably
decreased. More recently, a few investigators (18, 19) have
studied heterophile antibodies in sera of patients who were
injected with anti-lymphocyte or anti-thymocyte globulins from
horse or goat. Our recent studies (3, 4, 9, 20) showed that H-D
antibodies could be engendered in pathologic processes without
any injections of foreign species sera. This would mean that H-
D antigen is apparently formed as a result of various pathologic
processes including malignant transformation.

As shown in our previous studies (3), the “H-D antigen” is
not a single molecular species but a complex of several different
molecules as evidenced by multiple precipitation lines formed
by the H-D antibody-containing serum in reactions with various
antigenic preparations. One of the antigenic molecules of the
H-D complex was recently identified by Merrick et al. (12) and
Higashi et al. (21) as N-glycolyl neuramic acid (NGNA) of
bovine or equine hematosides.

Since the early studies of Deicher (2) confirmed by other
investigators (see review 9) and ourselves (3), it has been known
that bovine serum is a rich source of H-D complex. In the
present study, bovine serum rather than purified NGNA prep-
aration was used as a reference antigen in the double diffusion
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in agar gel because H-D antibody-containing tumor sera formed
definite precipitation lines with bovine serum. On the other
hand, only a few positive sera reacted with the NGNA prepa-
ration, which apparently represents only one of the specificities
of H-D complex.

In the present study, we identified H-D antigen in sera of
patients with cancer, lymphomas or leukemias, rheumatoid
arthritis, leprosy, and IM. The highest incidence was observed
in cancer, approximately 40% of random specimens. This was
followed by RASF (27%), lymphoma or leukemia sera (25%),
leprosy sera (25%), IM sera (8%), and RAS (6%). None of blood
donors or healthy staff members possessed the antigen at a
detectable level in their sera. The incidence of the antigen in
malignant tissues was more than that of the patients’ sera. It
was found that 50% of PAE of cancer tissues and 60% of CSE
and 50% of PAE of spleen tissues of lymphomas or leukemias
contained the antigen at detectable levels. Numbers and nature
of the antigens found in the patients’ sera and their relationships
to the NGNA are currently under investigation. Preliminary
information indicates that the vast majority of sera studied
contained a non-NGNA antigen(s) belonging to the H-D anti-
genic complex.

The frequent occurrence of H-I) antigen in malignancy sera
is certainly an interesting finding. Since the H-I) antigen could
be demonstrated in extracts of the majority of human tumors,
it appears most likely that these tumors themselves shed off
the antigen to the circulation. H-D antigen may be produced as
a novel antigen by the tumor tissue and other pathologic tissues
in an analogous way as P-B antigen is produced by abnormal
cells in infectious mononucleosis (8, 9). This trend of thought
certainly could apply to the ganglioside-containing NGNA,
which has been identified as “the” H-D antigen. On the other
hand, our previous studies left little doubt that H-D complex is
composed of several antigenic molecules and some of them may
well be normal human tissue components that possibly increase
in quantity during the pathologic process. Still, these antigens
are immunogenic and are detected by human sera. They resem-
ble the ubiquitous tissue antigen (UTA), a previously described
microsomal antigen that is a normal tissue component and that
is released into the circulation under pathologic conditions (22,
23).

It should be stressed that in contrast to frequent demonstra-
tion of H-D antigen in malignancy sera, H-D antibodies were
encountered only rarely, a finding very much reminescent of
our previous observation on UTA (22, 23). It is tempting to
speculate that both H-D and UTA are usually released in
nonimmunogenic form to the circulation and possibly elicit
tolerance. Only under rather unusual circumstances do these
antigens stimulate antibody formation.

The possible practical application of the detection of H-D in
malignancy sera should be further explored. In view of what is
presented in this paper, it is rather obvious that the appearance
of this antigen in the circulation can be also observed in
pathologic conditions other than malignancies and, therefore,
development of a diagnostic test based on the detection of this
antigen can hardly be conceived. On the other hand, tracing
the appearance and level of H-D in the course of malignancy
may be helpful in diagnosing metastases and predicting the
course of the malady. To this end, it should be stressed that
detection of the carcinoembryonic antigen (CEA) in patients’
sera could not be developed either as a diagnostic test because
of the rather frequent occurrence of elevated CEA levels in
pathologic conditions other than malignancy (24). On the other
hand, detection and quantitation of CEA have served as a
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valuable predictive test. In this connection, it should be stressed
that very sensitive procedures of detection of H-D antigen may
be based on a simple, inexpensive hemagglutination inhibition
test rather than on the radioimmunoassay needed for quanti-
tation of CEA.
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