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ELEVATION OF HETEROPHILIC ANTIBODIES 
TO RABBIT ERYTHROCYTES IN HUMAN PATHOLOGIC 

SERA: QUANTITATIVE STUDIES BY ELISA USING 
A GLYCOSPHINGOLIPID ANTIGEN * 1 

Eiji SUZUKI!, Chege J. MUKURIAl, Masaharu NAIKIl, * *, 
Tsutomu KUROSAWA2 and Jin HANAUE2 

(Accepted for publication November 21, 1986) 

Human heterophilic hemagglutinin to rabbit erythrocytes was quantitatively 

determined by the hemagglutination test and enzyme linked immunosorbent assay 

(ELISA) using rabbit erythrocyte pentaglycosyl ceramide (CPH), Gal (a 1-3) Gal 

(fl 1-4) GlcNAc (fl 1-3) Gal (fl 1-4) Glc-Cer as the antigen. The antibody 

levels in sera from 74 Hanganutziu-Deicher (H-D) antibody-positive patients were 

significantly higher than those in sera from 55 healthy donors, and the correlation 

between the antibody levels detected by ELISA and hemagglutinin titers was 

significant. The antibody levels detected by ELISA correlated to the IgG anti

body levels, while the hemagglutinin titers correlated to the IgM antibody levels. 

These results suggested that IgG levels as well as IgM levels against rabbit 
erythrocytes were elevated in H-D antibody-positive patients with various tumors 

and infectious diseases. In 4 out of 67 cancer patients collected randomly, 
abnormally high levels of anti-CPR IgG antibody were detected. 

Key Words: heterophile antigen, heterophile antibody, natural antibody, glyco

sphingolipid, rabbit erythrocyte 

INTRODUCTION 

A heterophilic hemagglutinin to rabbit erythrocytes was detected in healthy human 
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sera as well as in patient sera. 12) The hemagglutinin is different from anti-B isoanti

body and other heterophilic antibodies such as Hanganutziu-Deicher (H-D) antibody4) 

or Paul-Bunnell antibody. 11) Our previous paper14
) described the purification of an 

antigenic glycosphingolipid from rabbit erythrocyte stroma and identified the antigen as 

pentaglycosyl ceramide (CPH). In the present study, we attempted to quantify the 
serum antibody levels in patients and healthy persons by enzyme-linked immunosor
bent assay (ELISA) using this compound and the hemagglutination test. It was found 
that the antibodies were significantly elevated in patients with cancer and other 

diseases. 

MATERIALS AND METHODS 

Antigenic glycosphingolipids and sera: The antigenic CPH of a heterophilic hemag
glutinin to rabbit erythrocytes was previously purified, 14) and the H-D antigenic 

hematoside (NeuGc) was also prepared as described in another previous paper,8) H-D 
antibody-positive sera from 74 patients with tumors (62%), infectious diseases (21%) 

and other diseases (17%) were screened from 1333 patients at Hokkaido University 
Hospital, Sapporo, by the hemagglutination test using equine erythrocytes (HA titer = 

128). The details published in our previous communication. 7) Sera from 67 patients 

with various cancers, including 24 cases of gastric cancer, 13 of colorectal cancer, 7 of 
breast cancer, 6 of hepatoma, 5 of pancreatic cancer, 3 of lung cancer, 3 of gall 
bladder tumor and 6 of other tumors were obtained from Teikyo University Hospital, 

Tokyo. Normal human sera were obtained from apparently healthy adult individuals, 
who offered blood for blood transfusions after being diagnosed as normal by several 
biochemical examinations conducted at the Hokkaido Red Cross Blood Center. All 

sera were stored at -BODC before use. 
Hemagglutination test: The test was performed as follows: a two-fold serial 

dilution of human serum (0. 1m!) was mixed with O.lml of 0.01 M phosphate buffer (pH 
7.0) containing 0.15 M NaCI (PBS) and the same volume of 1.4% rabbit erythrocyte 
suspension. After 1 h incubation at room temperature, each tube was centrifuged at 
2000rpm for 2min and the hemagglutination was read after gentle shaking. The final 
dilution that caused hemagglutination was designated as the hemagglutination titer. 

ELISA test: The test was performed following the method described in our 
previous paper, 14) with minor modifications. Prior to the test, each well of an EIA 
microtitration plate (Coster) was coated with 2.5 fI. g of the glycosphiagolipid antigen 

which was dissolved in 50 pI of methanol by allowing the methanol to evaporate. 

After blocking non-specific binding sites of the wells by incubation with 0.2ml of 1% 
egg albumin in PBS, 10-fold diluted test sera for CPH antigen, or 4l-fold diluted sera 
for hematoside (NeuGc) antigen, were added to each well and allowed to react at 3rC 
for 2 h. After washing with 0.05% Tween 20 in PBS, the amount of bound antibody 
was determined by adding 50 pi of alkaline phosphatase-conjugated rabbit IgG antibody 
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to Fab fragment of human IgG6
), or 50 pI of 2000-fold diluted peroxidase-conjugated 

Fab fragment of goat IgG antibody to Y chain of human IgG (Medical Biological Lab., 
Japan). The reaction was allowed to stand at 37°C for 2 h, and then 200 pI of the 
substrate solution, 2.5mM p-nitrophenyl phosphate sodium salt and 1mM MgCl2 in 
0.05M sodium bicarbonate buffer (pH 9.7) for alkaline phosphatase, or 0.2mM 
2,2' -azino-di- (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt and 0.004% 
hydrogen peroxide in 0.05M citrate buffer (pH4.0) for peroxidase were added. The 

enzyme reaction was allowed to stand at 37°C for 1h alkaline phosphatase, or at room 
temperature for Ih for peroxidase, and the amount of product was read by measuring 
the absorbance at 405nm using a Titertek Multiskan (Flow Lab., Inc.). This value 
was corrected after subtracting the amounts read in the wells without antigen from 
those with antigen. The ELISA value for each serum was expressed as a relative 
ELISA value (percentage) to that of a typical antibody-containing serum. 

For more exact quantitative analyses of IgG and IgM antibodies to CPH, ELISA 
using 2-fold serial dilutions of test sera started from 5-fold dilution was performed for 
several sera. For separate titration of IgG and IgM antibodies, peroxidase-conjugated 
specific anti- p chain of human immunoglobulin (Medical Biological Lab.), respectively, 
were used in the same amounts as described above. The area under the titration 
curve for the test serum was integrated and expressed as a percentage of that of a 
constant serum (E. S.) according to Sedgwick et al. 13) 

RESULTS 

Heterophilic antibody levels to rabbit erythrocytes in normal sera from 55 healthy 
individuals and in pathologic sera from 74 H-D antibody-positive patients were quanti
tatively detected by ELISA using CPH as the rabbit erythrocyte antigen, as reported 
in our previous paper,14) and the hemagglutination test. As shown in figure 1, the 
antibody levels were significantly higher in patient sera than in normal sera (P< 
0.001), as detected by both ELISA and the hemagglutination test. 

Correlation between the antibody levels detected by ELISA and hemagglutinin 
titers was significant only in patient sera (p< O. 05) and not in normal sera (FIG. 2). 

As shown in figure 2, several sera had high ELISA values and low hemagglutinin 
titers, or vice versa. Thus in these sera, anti-CPH IgG and IgM antibody levels were 
determined, respectively, by ELISA using anti-IgG (Y) and anti-IgM (P) as the 2nd 
antibody. The sera with high ELISA values contained higher anti-CPH IgG antibody 
levels, and that with high hemagglutinin titers contained higher anti-CPH IgM antibody 
levels (TAB. 1). Moreover, the distribution patterns of antibody levels in both groups 
of normal and patient sera detected by ELISA using anti-IgG (Fab) or anti-IgG (Y) as 
2nd antibody were quite similar (data not shown). These results suggest that the 
ELISA values and hemagglutinin titers in figure 1 depend on the amount of anti-CPH 

IgG and IgM antibody, respectively, and that anti-CPH IgG as well as IgM antibody 
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FIG. 1 Anti-CPH ELISA values and rabbit erythrocyte hemagglutinin (HA) levels in 
sera from healthy persons (Normal) and from H-D antibody-positive patients 
with various diseases (Patient). Anti-CPH ELISA values were determined 
with enzyme-labelled specific anti-human IgG (Fab) as the 2nd antibody, and 
each value represented an average of four determinations. The mean (-
) and standard deviation (- - -) were calculated from the data. 
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FIG. 2 Correlation between anti-CPH ELISA values and rabbit erythrocyte hemag
glutinin (HA) titers in sera from healthy persons (A) and patients (B). 
Correlation coefficients (Y) in (A) and (B) were calculated as 0.0043 and 
0.29, respectively. Only the latter one was significant (p<0.05). 
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TABLE 1IgG and IgM antibody levels in sera which showed low or high ELISA values 

and low or high hemagglutinin (HA) titers 

Serum ELISN HA2 Antibody Levels 3 

Donor Value IgG IgM 

Standard 4 (100) (160) 100 100 

Normal A Low (6) Low (40) 11 114 

Normal B Low (21) High (320) 16 186 

Normal C High (102) Low (40) 153 79 

Patient MN High (134) Low (40) 129 86 

Patient NT High (248) High (1, 280) 194 117 

Patient MH High (210) High (640) 86 217 

Il The levels of antibodies to CPH were determined by ELISA using specific anti

IgG (Fab) as shown in Fig. 1 . 

2) The hemagglutination test with rabbit erythrocytes was performed as shown in Fig. 

1 . 

3) The levels of IgG and IgM antibodies to CPH were titrated by ELISA using specific 

anti-IgG (y) and anti-IgM (p.) as the 2nd antibody, respectively. The antibody levels 

were calculated from the integrating area under the titration curve as described in 
MATERIALS AND METHODS. 

4) The serum (E.S.) was usually used as a standard serum for calculation of a rela

tive ELISA value as described in MATERIALS AND METHODS. 

levels are higher in patient sera (FIGS. 1 & 2). 
The H-D antibody-positive sera were divided into three groups: sera from 

patients with tumors, infectious diseases and other diseases by clinical diagnosis. 
Each group of sera showed significantly higher levels of anti-CPH antibody than those 
of normal sera (FIG. 3). 

The anti-CPH IgG antibody levels in other cancer patients randomly selected were 
examined. In 4 out of 67 cancer patients examined (two with pancreatic cancer, one 
with hepatoma and one with gastric cancer), apparently higher levels of anti-CPH 
antibody over the normal range were detected, although the average of antibody levels 
in this group was lower that in the H-D antibody-positive patients (FIG. 4). 
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FIG. 3 Comparison of anti-CPR ELISA values in sera from healthy persons (Nor
mal) and from H-D antibody-positive patients with cancer, infectious dis
eases or other diseases. ELISA values of patients shown in Fig. 1 (A) 
were classified into three groups according to their respective diseases. 
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FIG. 4 Comparison of anti-CPH ELISA values in sera from healthy persons (Nor
ma!), H-D antibody-positive cancer patients and randomly selected cancer 
patients. The antibody levels were determind by ELISA using specific 
anti-IgG (r). 
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DISCUSSION 

TONDER et al. 15) compared the rabbit erythrocyte hemagglutinin levels in normal 

sera from 880 healthy persons with those in pathologic sera from 345 patients and 
found no distinctly different distribution between the two groups, except abnormally 

high titers in sera from 7 patients with chronic cold hemagglutinin disease or rheuma
toid arthritis, and abnormally low titers in sera from 5 patients with agammaglob
linemia. In the present studies, significantly high levels of heterophilic antibody were 
observed in patient sera by both the hemagglutination test and ELISA (FIG. 1). The 

discrepancy between the two results might have occurred because H-D antibody
positive sera screened from many patient sera by the hemagglutination test were used 
in this experiment. In fact, when randomly selected cancer patient sera were used, 
the mean value of antibody levels detected ELISA was not higher than that of normal 
sera, although abnormally high levels of the antibody were detected in several 
individual sera (FIG. 4). These results suggest that these two heterophilic antibodies 
are elevated under similar conditions. However, correlation between anti-CPH and 
anti-hematoside (NeuGc) antibody levels detected by ELISA was not significant (SUZUKI 
et aI., unpublished). The expression of H-D antigen in cancerous tissues was already 
demonstrated,4,5,9,10) and similarly, CPH may be expressed. But the two antigens 

may be expressed differntly in amounts in tumor cells in each patient. Or, it is 
possible that the two antibody productions are stimulated by different mechanisms. 

Recently, it was found that the natural anti-CPH antibodies in human sera play a 
physiological role to remove senescent erythrocytes from the blood stream. 2) The 

CPH antigen, or a cross-reacting antigen, may be exposed on senescent erythrocytes, 
though such a glycosphingolipid has not been detected by any researchers so far, and 

it was found that the natural antibodies bind to the old erythrocytes to be removed by 
the antibody-dependent cytolytic reaction of monocytes. 3

) If antigen-exposing cells 

such as senescent erythrocytes appear under some pathologic condition, the CPH 
antibody production may be stimulated. In order to understand the role of anti-CPH 
antibody and the the mechanism of its elevation in patients, the antigen expression in 

various tissues must be examined. 

ACKNOWLEDGMENTS 

We wish to thank Prof. KUBO of the Faculty of Veterinary Medicine, Hokkaido 

University, for his support and encouragement during this study, and Mrs. Hiroko 
N AGANUMA for her technical assistance. 

REFERENCES 

1) DEICHER, H. (1926): Uber die Erzeugung heterospecifischer Hamagglutinine durch 

Injektion artfremden Serums. Z. Hyg. Infekt-Kr., 106, 561-579 



20 EUZUKI, E. et a1. 

2) GALILI, U., RRCHMILEWITE, E. A., PELEG, A. & FLECHNER, I. (1984): A unique natural 

human IgG antibody with anti- a .galactosyl specificity. J. Exp. Med., 160, 
1519-1531 

3) GALILI, U., FLECHNER, I., KNYSZYNSKI, A., DANAN, D. & RACHMILEWITZ, E. A. (1986): 

The natural anti- a -galactosyl IgG on human normal senescent red blood cells Brit. 
J. H aematol., 62, 992-998 

4) HIGASHI, H., NISHI, Y., FUKUKI, Y., IKUTA, K, UEDA, S., KATO, S., FUJITA, M., NAKA

NO, Y., TAGUCHI, T., SAKAI, S., SANO, M. & NAIKI, M. (1984): Tumor associated 

expression of glycosphingolipid Hanganutziu-Deicher antigen in human cancers. 

Gann, 75, 1025-1029 

5) IKUTA, K, NISHI, Y., SHIMIZU, Y., HIGASHI, H., KITAMOTO, N., KATO, S., FUJITA, M., 

NAKANO, Y., TAGUCHI, T. & NAIKI, M. (1982): Hanganutziu-Deicher type heterophile 

antigen positive cells in human cancer tissues demonstrated by membrane immunof

luorescence. Biken J., 25, 47-50 

6) MIYOSHI, I., FUJII, Y. & NAIKI, M. (1982): Avian antisera to various gangliosides. 

Detection by enzyme immunoassay. J. Biochem., 92, 89-94 

7) MUKURIA, J. C., NAIKI, M., HASHIMOTO, M. & KATO, S. (1986): A specific enzyme

linked immonosorbent assay (ELISA) procedure for detection of heterophile Hanga

nutziu and Deicher (HD) antibodies. J. Immunol., 86, 179-185 

8) NAIKI, M. & HIGASHI, H. (1980): Detection of antibodies to gangliosides in pathologic 

human sera. Serum sickness type heterophile antibodies. In: Structure and Function 

of Ganglioside Eds. SVENNERHOLM, L., MANDEL, P., DREYFUS, H. & URBAN, P. F., 

359-367, Plenum Press, New York. 

9) NrsHIMAKI, T., KANO, K & MIGROM, F. (1979): Hanganutziu-Deicher antigen and 

antibody in pathologic sera and tissues. J. Immunol., 122, 2134-2318 

10) OHASHI, Y., SASABE, Y., NISHIDA, Y., NISHI, Y. & HIGASHI, H. (1983): Hanganutziu

Deicher heterophile antigen in human retinoblastoma cells. Am. f. Ophthalmol., 96, 

321-329 

11) PAUL, J. R. & BUNNELL, W. W. (1932): The presence of heterophile antibodies in 

infectious mononucleosis. Am. ]. Med. Sci., 183, 90-104 

12) SCHIFF, F. (1937): Heterogenetic hemagglutinins in man following therapeutic injec

tion of immune sera produced in rabbits. J. Immunol., 33, 305-313 

13) SEDGWICH, A. K., BALLOW, M., SPARKS, K. & TILTON, R. C (1983): Rapid quantitative 

microenzyme-linked immunosorbent assay for tetanus antibodies. f. Clin. Micorbiol., 

18, 104-109 

14) SUZUKI, E. & NAIKI, M. (1984): Heterophile antibodies to rabbit erythrocytes in 

human sera and identification of the antigen as a glycolipid. f. Biochem., 95, 

103-108 
15) TONDER, 0., NATIVIG, J. B. & MATRE, R. (1967): Antibodies in human sera to rabbit 

erythrocytes. Immunology, 12, 629-636 


