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ABSTRACT

Human antibody against an embryoglycan present on a mouse terato-
carcinoma cell line F9 was found in sera from 16 of 29 patients with
embryonal carcinoma, yolk sac tumor, immature teratoma, and chorio-
carcinoma of gonadal and extragonadal origins by Fair assay. In contrast,
none of the sera from patients (77 cases) with dysgerminoma, seminoma,
germinoma, and mature teratoma or from patients (118 cases) with non-
germ cell types of ovarian tumors contained this antibody. The antigenic
embryoglycan was of high molecular weight (M, >70,000) on Sephacryl
S300 column chrontatography and carried binding sites for Grifonia
simplicifolia agglutinin-1. The antigenic embryoglycan was also found in
F9 cell-cultured medium. Absorption of patients' sera with synthetic

Blood Group B trisaccharides failed to remove the antibody against F9
embryoglycan. None of these patients' sera showed higher hemagglutin-
arion titer to rabbit erythrocytes than the normal range. In contrast, a-
galactosyl carbohydrates obtained from Ehrlich ascites tumor cells effec
tively inhibited the binding of patients' sera with F9 embryoglycan. These

results indicate that the human antibody against F9 embryoglycan rec
ognizes a-galactosyl structures that are distinct from B blood group
antigen, but are cross-reactive with a-galactosyl structures on Ehrlich

ascites cells.

INTRODUCTION

An early embryonic antigen homologously conserved during
evolution has been suggested by Holden et al. (l) and Hogan et
al. (2), since they found a cross-reactive antigen on human
teratocarcinoma cell lines with F9 antigens, which are recog
nized by mouse syngeneic antibody against F9 cells. These
previous studies raised long-outstanding and biologically im
portant questions: whether the human F9-like antigen can
stimulate autoantibody response in patients with germ cell
tumors as well as in the mouse system; and what kind of
molecule on F9 cells is responsible for the evolutionary con
served antigen (3). Several attempts have been made to find
such an antibody in sera of patients with germ cell tumors (4-
6). Until now, however, the results have been conflicting, and
nothing is known about the biochemical nature of the antigenic
molecule.

Previously, we detected human antibody against F9 cells in
sera from patients with ovarian germ cell tumors and showed
that the antibody is directed to an a-galactosyl residue on
embryoglycan isolated from F9 cells (7-9). The embryoglycan
is present in glycoproteins from mouse embryonal carcinoma
cells and early embryos, and it carries mouse F9 antigens and
several cell surface markers of early embryonic cells (10-14).

In this paper, we extend our earlier study and report: (a) the
occurrence of human antibody against F9 embryoglycan in sera
from patients with germ cell tumors of various origins, and the
relationship between the antibody and the histopathological
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types of tumors; (b) the nature of antigenic embryoglycan by
the analysis of gel filtration and lectin affinity chromatography;
(c) the shedding phenomenon of antigenic embryoglycan; and
(d) the relationship of human antibody against F9 embryogly
can with other well-known human antibodies against a-galac
tosyl residues.

MATERIALS AND METHODS

Materials. Enzymes used are: Pronase E from Kaken Chemical Co.
(Tokyo, Japan); endo-j3-galactosidase (Escherichia freundii) from Sei-
kagaku Fine Chemicals (Tokyo, Japan); and a-galactosidase (green
coffee bean) from Boehringer Mannheim (West Germany). Dextran
TÃ•O,T40, and T70 were obtained from Pharmacia (Uppsala, Sweden).
GS-13 lectin-agarose was obtained from EY Laboratories (San Mateo,

CA). Chemically synthesized human Blood Group B and A antigens
covalently linked to crystalline silica were obtained from Chembiomed
(Alberta, Canada). Mouse monoclonal anti-Blood Group B (3E7) was
obtained from DAKO Corporation (Santa Barbara, CA). The serum
used in Figs. 1 to 4 was from a patient with an ovarian yolk sac tumor
(M. K.).

Preparation of Embryoglycan from F9 Cells. [3H]Galactose-labeled
and -unlabeled F9 cell embryoglycans were obtained from F9 cells
cultured in vitro and F9 tumors transplanted s.c. in 129/Sv mice as
described previously (10, 14). Briefly, 50 lid of [3H]galactose (New

England Nuclear, Boston, MA) were added into each dish. After 24 h,
labeled F9 cells were collected and incubated with 40 mg of Pronase E
in 4 ml of 0.05 M Tris-HCl (pH 8.0)/0.01 M CaCl2 for 48 h at 37Â°C.

After centrifugation, the supernatant was applied to a column of Seph-
adex G-50 (fine; 2.0 x 90 cm), which was equilibrated and eluted with
0.05 M acetic acid adjusted to pH 6.0 by MI4OH. For the initial
serological screening of antibody against embryoglycan, embryoglycan
eluted in Fractions 26 to 35 on Sephadex G-50 column chromatography
was pooled and used as described previously (7). For the following
experiments, the embryoglycan was further fractionated by Sephacryl
S300 column chromatography, and the eluates in Fractions 26 to 39
were used. Antigenic embryoglycan was prepared as described previ
ously (7).

Preparation of Embryoglycan from the Culture Supernatant of F9
Cells. F9 cells were incubated with | "II (galactose as described above.

After 24 h, culture supernatant was collected and lyophilized. After the
radiolabeled material was resuspended in distilled water, glycolipids
were removed by extraction with chloroform:methanol (2:1, v/v). The
residue was evaporated to dryness and digested exhaustively with Pro-
nase E.

Affinity Column Chromatography on GS-1 Lectin-Agarose. Embry
oglycan was applied to a column of GS-1 lectin-agarose (0.7 x 5.0 cm)
equilibrated with 0.01 M Tris-HCl buffer (pH 8.0) containing 0.15 M
NaCl and 1 HIMCaCl2. The column was washed with 10 ml of the
medium and eluted with the medium containing 5 HIM methyl-a-
galactopyranoside or .V-acctylgalactosaniine. One-mi fractions were
collected, and the radioactivity was counted.

Fair Assay. The binding ability of human sera with [3H]galactose-

labeled embryoglycan was measured by the Farr assay. Thirty pi of
radiolabeled embryoglycan (1 x IO4cpm) were incubated with 60 /il of
diluted human sera (1:10) at 37Â°Cand 4Â°Cfor 30 min each. After the

addition of 90 ÃŸ\of saturated ammonium sulfate, the precipitate was

3The abbreviations used are: GS-1, Grifonia simplicifolia agglutinin-1; PBS,
phosphate-buffered saline; GlcNac, W-acetylglucosamine; Gal, galactose; Fue,
fucose; Glc, glucose; Cer, ceramide; Fru, fructose.
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obtained by centrifugaciÃ³n at 3000 rpm for 15 min and then washed
twice with 50% ammonium sulfate solution. Radioactivity in the pre
cipitate was counted by the standard liquid scintillation method. The
radioactivity in precipitates by normal volunteers (22 samples) was 21
Â±46 (SD) cpm. A serum was considered positive when the radioactivity
in the precipitates was higher than 200 cpm.

For the Farr inhibition assay, 30 M' of a patient's serum were

preincubated with unlabeled embryoglycan or oligosaccharides in 30 n\
of PBS at 4Â°Cfor l h and then incubated with 30 n\ of radiolabeled

embryoglycan eluted in Fractions 26 to 39 on Sephacryl S300 (3800
cpm).

Hemagglutination Reaction. Twenty ni of human serum were added
to microtiter V-shaped mult host plates. Then, 20 n\ of rabbit erythro-
cytes (1%, v/v) in PBS were added. After shaking the plate, the
erythrocytes were allowed to settle for l h at room temperature, and
the agglutination titer was estimated.

Batch Absorption. Seventy-five n\ of undiluted human sera were
incubated with 15 mg of each immunoabsorbent under constant gentle
agitation at 4*C for 16 h. After decanting, these supernatants were

tested for their antibody activity by the Farr assay.
Preparation of Carbohydrates from Ehrlich Ascites Tumor Cells.

Ehrlich asdics tumor cells were maintained in vivo by i.p. passage (15).
These cells were washed 3 times in 0.02 M sodium phosphate buffer,
pH 7.0, containing 0.15 M NaCl. Fifty n\ of packed cells were incubated
with 25 miIIinn ils of endo-^-galactosidase in 200 Â¿ilof 0.1 M sodium
acetate buffer, pH 5.8, containing 0.07 M NaCl, at 37Â°Cfor 2 h as

described previously (16). After incubation, the supernatant was ob
tained by centrifugation and then incubated for a further 24 h. The
supernatant was then heated at 100'C for 5 min, centrifuged, and

applied to a column of Sephadex G-50 as described above. Fractions of
4.8 ml were collected after elution with the same buffer. The carbohy
drates eluted in Fractions 25 to 32 (Fr. I), 33 to 40 (Fr. II), 41 to 48
(Fr. Ill), 49 to 56 (Fr. IV), and 57 to 64 (Fr. V) were pooled and
lyophilized for the Fair inhibition assay. For radiolabeling, Ehrlich
cells were cultured in 10-cm Petri dishes with 50 Â¿iCiof [l-3H]galactose
per plate for 24 h. Digestion of Ehrlich carbohydrates with a-galacto-
sidase was carried out as described previously (9).

Other Method. Carbohydrate content was measured by absorbance
at 490 nm of aliquots subjected to the phenol/sulfuric reaction.

RESULTS

We first searched for human antibody against F9 embryogly
can in sera from patients with a variety of ovarian tumors and
germ cell tumors of other origins by the Fair assay. Among
various pathological types of germ cell tumors, the antibody
was found in the sera from 16 of 29 patients with embryonal
carcinoma, yolk sac tumor, immature teratoma, and choriocar-
cinoma of various origins (Table 1). In contrast, no sera from
patients with ovarian dysgerminoma (10 cases), testicular seni
inoma (5 cases), intracranial germinoma (13 cases), or ovarian
mature cystic teratoma (49 cases) contained this antibody.
Furthermore, no sera from patients with various non-germ cell
types of ovarian tumors (total, 118 cases) showed such antibody
activity. In our previous study, the antibody against F9 cells or
embryoglycan could not be detected in sera from normal vol
unteers (110 samples), pregnant women (32 cases), or patients
with trophoblastic diseases (37 cases) (8). Thus, the human
antibody against F9 embryoglycan is strongly associated with
particular types of germ cell tumors of various origins.

To investigate the carrier molecule(s) of the antigenic deter
minant recognized by the human antibody, F9 embryoglycan
was further fractionated on a Sephacryl S300 column (Fig. \A ).
The chromatogram of embryoglycan showed a single broad
peak corresponding to an average molecular weight of about
25,000. Fractions were segregated into six pools, and then the
reactivity of a patient's serum (ovarian yolk sac tumor) with

Table 1 Frequency of antibody against F9 embryoglycan in patients with germ
cell and non-germ cell tumors

Origin and pathological diagnosis

No. of positive
cases/total no.

of cases
tested"

Ovary
Germ cell origin

Embryonal carcinoma 1/1
Yolk sac tumor 3/5
Immature teratoma 5/7
Choriocarcinoma 1/3
Dysgerminoma 0/10
Mature cystic teratoma 0/49

Non-germ cell origin
Adenocarcinoma 0/45
Clear cell carcinoma 0/1
Endometrioid carcinoma 0/1
Granulosa cell tumor 0/1
Metastatic tumor 0/1
Mature cystic teratoma with malignant transforma- 0/2

tion
Cystoadenoma 0/64
Fibroma 0/2
Thecoma 0/1

Testis
Embryonal carcinoma 3/5
Choriocarcinoma 1/1
Immature teratoma 0/3
Seminoma 0/5

Brain, germinoma 0/13
Mediastinum, yolk sac tumor 0/1
Colon, Choriocarcinoma 0/1
Mesenterium, yolk sac tumor 0/1
Retroperitoneum, embryonal carcinoma 1/1

" No antibody against F9 embryoglycan was detected in sera from normal

volunteers (22 samples), normal pregnant women of 5 to 41 wk of gestation (32
samples), and patients with gestational trophoblastic diseases (37 samples) re
ported previously (7, 8).

these pooled fractions was tested by the Farr assay. The anti
genic activity was enriched in the highest molecular weight
fraction (Fractions 26 to 39, M, >70,000) (Fig. IB, M). Under
identical conditions, normal human sera precipitated less than
2.0% of embryoglycan in any pooled fractions. Furthermore,
F9 embryoglycan unfractionated on Sephacryl S300 was im-
munoprecipitated by the patient's serum. The resulting anti

genic embryoglycan was extensively digested with Pronase and
analyzed on the column. The antigenic embryoglycan was again
eluted as a broad peak in higher molecular weight fractions
(Fig. IB, â€¢),which is consistent with the above result.

To determine whether the glycoproteins carrying the anti
genic determinant are shed into culture medium, [3H]galactose-

labeled glycopeptides in culture supernatant of F9 cells were
obtained as described in "Materials and Methods." The reactiv
ity of the patient's serum with the resulting radiolabeled gly
copeptides was tested by the Farr assay. The patient's serum,

which contained antibody against F9 cell embryoglycan, also
reacted with the shed glycopeptides (Fig. 2). Unlabeled embry
oglycan obtained from F9 cells grown in vitro and F9 tumors
grown in 129/Sv mice quantitatively inhibited the binding of
patient's serum with radiolabeled shed glycopeptides. Further

more, the antigenic shed glycopeptides, which were obtained by
immunoprecipitation, showed a similar elution profile to that
of antigenic embryoglycan from F9 cells on Sephacryl S300
column chromatography (Fig. 3).

GS-1 lectin binding sites were examined on the antigenic
embryoglycan, which was obtained by immunoprecipitation
with the patient's serum from the highest molecular weight

fractions of F9 cell embryoglycan (Fractions 26 to 39). Most of
the antigenic embryoglycan bound to the GS-1 lectin affinity
column and was specifically eluted with Â«-galactosyl sugars
(Fig. 4) ( 17). This result is compatible with our previous finding
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Fig. 1. Sephacryl S300 column chromatography of F9 cell embryoglycan and
antigenic embryoglycan recognized by one patient's serum. The column (2.2 x 97
cm) of Sephacryl S300 was equilibrated and eluted with 0.01 M Tris-HCl buffer,
pH 8.0, containing 0.1 S M NaCl and 0.1% sodium dodecyl sulfate. Fractions of
4.8 ml were collected. The elution volumes of blue dextran (B.D.), Dextran T70,
T40, and T10, and free galactose (Gal) are shown. A, â€¢,pHJgalactose-labeled F9
cell embryoglycan analyzed by gel nitration on a column of Sephacryl S300; B,
F9 cell embryoglycan immunoprecipitable by one patient's serum shown in two

separate experiments. D. percentage of precipitale F9 cell embryoglycan in each
pooled fraction after gel nitration on the Sephacryl S300 column by the Fan-
assay; â€¢,F9 cell embryoglycan immunoprecipitated and digested with Pronase.
The resulting antigenic embryoglycan was analyzed as shown in Fig. \A.

40

30

J.20
S

O I 2 4 8 16 32 64
Nonlabeledembryoglycanadded g

Fig. 2. Inhibition of the binding of one patient's serum with embryoglycan
isolated from F9 cells and culture supernatant. [3H]Galactose-labeled embryogly
can was isolated from F9 cells (â€¢and O) and F9 culture supernatant (â€¢and O)
and used as antigen sources for the Farr inhibition assay. Nonlabeled embryogly
can was isolated from F9 tumor grown in vivo (â€¢and â€¢)and F9 cells in vitro (O
and O) and used as inhibitors for the Farr inhibition assay.

that the human antibody recognizes an a-galactosyl residue on

F9 embryoglycan (9).
In our previous study, Blood Group B erythrocytes absorbed

a portion of the antibody against F9 cell embryoglycan in a
patient's serum, suggesting that the antigenic determinant is

somewhat similar to B blood group antigen (9). Furthermore,
the antibody was effectively inhibited by mouse laminin, which

40 50

Fraction number

Fig. 3. Sephacryl S300 column chromatography of F9 embryoglycan shed into
culture medium. Chromatographie conditions were identical to those described
in Fig. 1. O, [3H]galactose-labeled materials in culture supernatant of F9 cells
after removal of glycolipids by extraction with chloroform-methanol; â€¢.shed F9
embryoglycan obtained by extensive digestion with Pronase; â€¢.antigenic shed F9
embryoglycan obtained by immunoprecipitation with one patient's serum.

500

Â£
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10 20
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10 20

Fig. 4. GS-I lectin affinity chromatography of F9 embryoglycan immunopre
cipitated by one patient's serum. [3H]Galactose-labeled F9 cell embryoglycan (2
x H)' cpm) was applied to a column of GS-1-agarose as described in "Materials
and Methods." I. start of elution with haptenic sugars. In. i. F9 cell embryoglycan
was specifically eluted with 5 rmi methyl a-galactopyranoside (â€¢),but not with
5 HIMA'-acetylgalactosamine (O); in B, antigenic F9 cell embryoglycan, which is
obtained by immunoprecipitation with one patient's serum from Fractions 26 to
39 on Sephacryl S300 column chromatography, was eluted with 5 HIMmethyl a-
galactopyranoside.

contains a-galactosyl groups and cross-reacts with a hyperim-
munized anti-B blood group antibody (18, 19). It is, therefore,
imperative to discriminate the antibody in patients' sera from
anti-B blood group antibody at the level of chemical structure.

In the ABO blood typing of patients' erythrocytes, the anti

body against F9 embryoglycan was detected in sera of all the
blood groups as follows: antibody-positive cases, A type, 8; B
type, 1; AB type, 3; O type, 4; antibody-negative cases, A type,
3; B type, 4; AB type, 2; O type, 4, respectively. For specific
removal of antibody against B blood group antigen from pa
tients' sera (Blood Group A or O type), we used synthetic
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trisaccharide immunoabsorbents of B and A blood group anti
gens (Table 2). Under conditions that these immunoabsorbents
completely removed anti-B or anti-A hemagglutination activity

from positive controls such as typing sera, neither of these
immunoabsorbents removed the antibody against F9 embry-
oglycan from patients1 sera (Table 3). Furthermore, monoclonal

antibody (mouse IgM) directed exclusively toward B blood
group trisaccharides (20) failed to precipitate F9 embryoglycan
at any detectable level (data not shown). Therefore, these data
collectively indicate that the a-galactosyl antigen on F9 embry
oglycan recognized by the patient's antibody is distinct from

the Blood Group B trisaccharide structure.
All healthy human sera contain heterophile hemagglutinins

to rabbit erythrocytes, which also display an anti-a-galactosyl
specificity but are different from anti-B isoantibody (21, 22).
The antigenic determinant was recently elucidated to be carried
on pentaglycosyl ceramide isolated from rabbit erythrocytes
(Table 2) (23). Therefore, we tested comparatively patients' sera

and normal human sera for hemagglutination to rabbit eryth
rocytes. The titers in 32 normal human sera ranged from 4 to
512 with a mode titer of 128, which is in fair agreement with
other reports (22, 23). None of the patients' sera, which contain

high titers of antibody against F9 embryoglycan, showed higher
hemagglutination titer than the normal range (Fig. 5), and no
apparent correlation existed between the hemagglutination titer
and antibody activity to F9 embryoglycan (data not shown).

Table 2 Structure of various a-galactosyl carbohydrates

B blood group antigen active trisaccharide:
Galal-Â»3Gal/3

T W
Fuco

PI blood group antigen:
Gala l-*Gal/31-wtGlcN Ac/31->3Gal-

Pentaglycosyl ceramide of rabbit erythrocyte:
Galal-.3Gal01-Â«4GlcNAq31-.3Gal,81->4Glc01-Â»lCer

a-Galactosyl glycopeptide of Ehrlich ascites tumor cell:
Galal-Â»3Gal|31->4GlcNAc01(-3Gal/31->4GlcNAc01)n-

Ã®l,6
Gala

Melbiose:

Raffinose:
Galal-Â»6Glcal- â€¢2/SFru

Stachyose:
Galal->6Galal->6Glcal- >20Fru

Table 3 Comparative absorption of antibody against F9 embryoglycan with
synthetic Blood Group Bor A trisaccharide

% of precipitatale F9 cellembryoglycan0Serum

from patient
(origin andinitial)Yolk

sac tumor (ovary, M. K.)
Yolk sac tumor (ovary, H. N.)
Embryonal carcinoma

(ovary, K. O.)
Embryonal carcinoma

(testis, F. M.)Unab-

sorbed24.4

23.8
35.926.7Absorbed

with
B blood group
trisaccharide21.9

20.3
36.919.8Absorbed

with
A blood group
trisaccharide23.3

19.7
33.622.6

" Seventy-five /<!of undiluted patients' sera were incubated with 15 mg of each
immunoabsorbent at 4*C for 16 h. Under identical conditions, these immunoab

sorbents completely removed respective hemagglutination activity from typing
sera.

(case)

XI6 x32 X64 xlH xBt XSI2XIO!4
Hemagglutination liter

Fig. 5. Antibody to rabbit erythrocytes in patients' sera and normal human
sera. The cases of patients' sera (G) and normal human sera (D) according to

hemagglutination titers were superimposed.

I

BD

30 40 50 60 70

Fri
-HK-

Fr II Fr III Fr IV

Fraction number

Fr V

Fig. 6. Sephadex G-50 column chromatography of carbohydrates released
from [3H]galactose-labeled Ehrlich ascites tumor cells by endo-0-galactosidase

digestion. B.D. and Gal represent the elution positions of blue dextran and
galactose, respectively. â€¢,whole carbohydrates released; O, carbohydrates bound
and eluted from GS-1 lectin affinity column.

Therefore, the human antibody against F9 embryoglycan is also
different from that against rabbit erythrocytes.

Echardt and Goldstein isolated a family of glycopeptides
from Ehrlich ascites tumor cells, which contain terminal a-Gal-
(l-Â»3)-[a-Gal-(l-Â»6)]-/3-Gal units and repeating GlcNAc/31-Â»
3Gal units (Table 2) ( 15,24). This terminal a-galactosyl portion
reacts strongly with GS-1 lectin (15, 24), but are different from
those on Blood Group B, PI, and rabbit erythrocytes. Therefore,
we were interested in the inhibitory activity of Ehrlich a-
galactosyl chains to the binding of patients' sera with F9 em

bryoglycan. Initially, to characterize carbohydrates from Ehr
lich cells, these cells were metabolically labeled by [3H]galactose
and digested with endo-ÃŸ-galactosidase from E. freundii. This
enzyme hydrolyzes linear lactosaminoglycans containing the
GlcNAcÃŸlâ€”>3Galsequence without modification of the periph
eral carbohydrate chain (25). The viability of cells was unaf
fected even after digestion for 2 h, and only trace amounts of
radioactivity were detected in the supernatants of cells handled
similarly but without this enzyme. The released carbohydrates
in the supernatant are of a wide range of molecular weights, as
shown by a heterogeneous elution profile on a column of
Sephadex G-50 (Fig. 6). Among them, carbohydrates bound
and specifically eluted from the GS-1 lectin column were dis
tributed in Fractions 25 to 45 on Sephadex G-50 column
chromatography (Fig. 6).

Unlabeled Ehrlich cells were identically digested with endo-
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Table 4 Inhibition of binding of antibody against F9 embryoglycan by various carbohydrates

% of precipitale embryoglycan in the presence of inhibitorGig)Serum

from patient shown withinhibitorYolk

sac tumor (ovary, M.K.)Ehrlich
carbohydrates, Fr.I"Ehrlich
carbohydrates, Fr. I digested witha-galactosidaseEhrlich

carbohydratesFr.
IIFr.
IllFr.
IVFr.

VMethyl
a-galactopyranosideMelbioseRaffinoseStachyoseYolk

sac tumor (ovary, H.N.)Ehrlich
carbohydrates, Fr.IEmbryonal

carcinoma (ovary, K.O.)Ehrlich
carbohydrates, Fr.IEmbryonal

carcinoma (testis, F.M.)Ehrlich
carbohydrates, Fr. INone

1 2424.420.6

8.1 3.9(84.0)*22.9(6.1)12.7(48.0)23.6

(3.3)22.8
(6.6)23.0

(5.7)25.025.025.126.923.95.9

(62.6)37.111.7(75.2)17.86.2

(65.4)1622.3

(8.6)19.3(20.9)22.6(17.4)18.8(23.0)

" Ehrlich carbohydrates, Fr. I to V, were obtained from unlabeled Ehrlich cells by endo-0-galactosidase digestion and fractionated on Sephadex G-50 column

chromalography as shown in the text and Fig. 6.
* Numbers in parentheses, percentage of inhibition.

0-galactosidase, and the resulting supernatant was applied to
the Sephadex G-50 column. Fractions were segregated into five
pools and designated Fr. I to V (Fig. 6). The pooled fractions
of unlabeled carbohydrates were then examined individually for
the capacity to inhibit the binding of patients1 sera with F9

embryoglycan by the Fair inhibition assay (Table 4). Among
these pooled carbohydrates, 2 ng of carbohydrates in Fr. I
inhibited more than 50% of the binding of serum from a patient
with ovarian yolk sac tumor, and this inhibition was observed
in a quantitative fashion. Carbohydrates in Fr. II also had
inhibitory activity (48.0% by 4 fig) but less than that of carbo
hydrates in Fr. I. Further smaller carbohydrates which distrib
uted at Fr. Ill, IV, and V showed only minimal inhibition (less
than 10% by 4 /ig). a-Galactosyl oligosaccharides including
methyl a-D-galactopyranoside, indinÃ³se, stachyose, and raffi-
nose (Table 2) failed to affect the binding by 4 /Â¿gand inhibited
less than 25% of the binding even by 16 fig. The digestion of
carbohydrates eluted in Fr. I with a-galactosidase from coffee
beans abolished most of their inhibitory activity. This observa
tion indicates that the terminal a-galactosyl residue on released
carbohydrates is involved in this inhibition, in reasonable agree
ment with earlier results (9).

When we tested three other sera from patients with ovarian
yolk sac tumor, embryonal carcinoma, and testicular embryonal
carcinoma, Ehrlich carbohydrates in Fr. I also showed active
inhibition. Therefore, the human antibody probably recognizes
a structure on F9 embryoglycan which is closely related to the
a-D-Gal-(l->3)-[a-D-GaI-(l-Â»6)]-/3-D-Gal unit. The binding of
the patient's serum with radiolabeled embryoglycan isolated

from culture medium was also effectively inhibited by these
Ehrlich carbohydrates in Fr. I (data not shown), being consist
ent with the above result.

DISCUSSION

Embryoglycan has been shown to be present in glycoproteins
from mouse embryonal carcinoma cells and early mouse em
bryos and to decrease drastically during differentiation (10-12,
26). Not only a cross-reactive antigen recognized by mouse ant i-
F9 antibody (1, 2), but also similar large glycopeptides were
found on human teratocarcinoma-derived cell lines (27, 28).

Therefore, the restricted occurrence of human antibody against
mouse F9 embryoglycan in patients with germ cell tumors
probably indicates that these tumors contain embryonic deter
minants in vivo, which are conserved between mouse and hu
man, and stimulate the production of this antibody. Among
patients with various types of germ cell tumors, this antibody
could be detected in patients with embryonal carcinoma, yolk
sac tumor, immature teratoma, and choriocarcinoma. There
fore, a particular type(s) of antigen-positive component can be
considered to commonly exist in these tumor tissues, since
germ cell tumors are so frequently heterogeneous, showing a
wide range of tissues and varying degrees of differentiation.

In contrast, no sera from patients with dysgerminoma, sem-
inoma, germinoma, and mature cystic teratoma contained this
antibody. Dysgerminoma, seni Â¡noma,and germinoma are com
prised of primitive germ cells with a fixed differentiating poten
tial to other germ cell elements. Conversely, mature cystic
teratoma is composed entirely of differentiated elements with a
limited growth potential. The partial occurrence of this anti
body among a variety of germ cell tumors suggests that this
antigenic determinant is expressed at a particular differentia
tion stage(s), although the inability to detect this antibody
cannot be regarded as direct evidence for the absence of the
antigenic components in tumor tissue. Our earlier observations
support the differentiation-dependent expression of this anti
gen, since this antigenic determinant on F9 cells decreases after
exposure to retinoic acid (7).

There are several human antibodies against a-galactosyl res
idues, Blood Group B, Blood Group 1',. and pentaglycosyl

ceramide on rabbit erythrocytes (23). These antibodies have
natural, ubiquitous characteristics and are not associated with
any particular type of malignancy. The antibody against F9
embryoglycan was unrelated to patients' ABO blood groups

and detectable even in the sera from patients of Blood Groups
B or AB. Since Ehrlich cells are unreactive with anti-B typing
sera (24), the effective inhibition of binding by Ehrlich a-
galactosyl carbohydrates further supports the conclusion that
the antigenic determinant is not identical to a Blood Group B
determinant. The unbranched a-D-Gal(lâ€”Â»3)/3-D-Galunit is
commonly present as a substantial portion of the B blood group
antigen, pentaglycosyl ceramide on rabbit erythrocytes, and

2292

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/9/2288/2431542/cr0470092288.pdf by guest on 19 M

ay 2023



HUMAN ANTIBODY TO F9 EMBRYOGLYCAN

Ehrlich a-galactosyl glycopeptides. Therefore, antibodies
against these determinants may cross-react with the nonreduc-

ing terminal residue, regardless of other differences in structure.
The findings presented here indicate that the human antibody
against F9 embryoglycan probably recognizes both the a-r>
Gal(lâ€”Â»3)|8-D-Galunit and a subterminal structure closely re
lated to the a-(lâ€”Â»6)-D-galactosylgroup to penultimate galac-
tosyl unit, which may greatly enhance the antigenicity through
stabilizing the configuration of the terminal a-galactosyl (1â€”Â»
3) residue. To obtain more definite information concerning the
exact chemical structure involved and the fine specificity of
individual antibodies against F9 embryoglycan, it is necessary
to directly isolate a-galactosyl oligosaccharides from F9 embry
oglycan and examine the binding of patients' antibodies with a

wider range of structurally related oligosaccharides.
To detect the development ally regulated changes of cell sur

face molecules on embryonal carcinoma cells and during early
embryogenesis, a variety of conventional and monoclonal anti
bodies have been produced. Interestingly, most of these anti-
genie determinants so far disclosed are proving to be carbohy
drate structures (29). Nonreducing carbohydrates located on F9
embryoglycan carry several differentiation antigens including
F9 antigens (11, 30, 31), ECMA-2 and -3 antigens (18, 31),
SSEA-1 antigen (32-35), I and i antigens (33), and TC antigen
(36).

McCormick et al. (30) reported that F9 antigens recognized
by syngeneic mouse antisera are found on polysaccharides
isolated from the culture supernatant of F9 cells, and the
molecular weight is more than 80,000 even after exhaustive
protease digestion. Therefore, these antigenic determinants rec
ognized by the human anti-F9 antibody and the mouse anti-F9
antibody are carried by similar polysaccharides, although the
exact chemical relationship between these epitopes has not been
elucidated yet.

Recently, Ozawa et al. (18) showed that monoclonal antibody
ECMA-2 also recognizes an a-galactosyl residue on F9 embry
oglycan, but this determinant was different from that recognized
by the human antibody in the inhibition of binding by mouse
laminin. The gel filtration profile on Sephacryl S300 of the
antigenic embryoglycan to a patient's serum is also different

from that of F9 embryoglycan recognized by ECMA-2, as
shown previously (18).

The antigenic determinant recognized by the human antibody
is also structurally different not only from the other antigens
on F9 embryoglycan described above, but also from other
developmentally regulated carbohydrate antigens, including
SSEA-3 (37), SSEA-4 (37), Forssman (38), and FC10.2 (39)
antigens.

On the basis of these findings, we concluded that the antigen
on mouse embryoglycan recognized by the human antibody is
probably an autoantigenic, embryonic antigen conserved be
tween mouse and human. Purification of the antibody from
patients' sera is currently in progress to detect antigenic com

ponents and cell types in human germ cell tumors and possibly
normal embryonic cells during mouse and human embryogen
esis. Further study should provide new insights into the histo-
genesis and interrelationship of mouse and human germ cell
tumors.
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